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CHAPTER 1 

GENERAL INFORMATION 

1.1 INTRODUCTION 

Th is chapter is an in t roduc t i on to the S tor age Tech"no logy 
Corporation Model 292X .Magnetic Tape Subsystem (MTS). This 
chapter includes a general description of the physical and 
functional layout of the MTS and includes the MTS specifications. 

Two model types are avaiiabie, the 2921 and the 2922. The 2921 
has a tape speed of 50 inches per second (ips) (127 cmps), 
start/stop. The 2922 has a tape speed of 50 ips (127 cmps) 
start/stop and 100 ips (254 cmps) streaming. 

1.2 GENERAL DESCRIPTION 

The MTS (Figures 1-1 through 1-4) is an integrated tape 
formatter/controller and half-inch (12.7 cm) tape drive packaged 
as a single self-contained unit (1x1). The MTS is a dual-density 
device capable of recording and reading ANSI compatible tapes in 
phase-encoded (PE) format at 1600 bits per inch (bpi) (63 bpmm) 
and group-coded recording (GCR) format at 6250 bpi (246 bpmm) at 
a tape speed of 50 (127 cmps) or 50/100 ips (127 cmps/254 cmps) , 
depending on the model. 

The MTS is a low-cost, medium performance device intended for use 
in normal tape processing and/or disk off-loading. The device 
features automatic or "semiautomatic tape threading/loading of 
open reel sizes 7, 8.5, and 10.5 inches; tension arm tape 
buffering; microprocessor capstan servo and mic~oprocessor reel 
servo; and on-board diagnostics for functional verification and 
fau 1 t detect ion. 

Data can be read when tape is moving either forward or backward 
but recording can be performed during forward tape motion only~ 
Performance specifications are shown in Table 1-1. 

Nominal access time from stop is shown in Table 1-2 for the 
models 2921 and 2922. Access time is defined as the time from 
assertion of Busy on receipt of a read or write command at the 
interface to the time the beginning of the record is read from or 
written to tape. This is assuming tape starts from a stopped 
position, no turn-around condition is required, and tape is not 
positioned at BOT. See Chapter 2 for a detailed description of 
the access time and interblock gap generation. 
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Figure 1-4e Model 292X MTS Rear View (Center of Gravity Mount) 
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Table 1-1. Performance Specifications 

Tape Speed 50 ips/127 emps 100 ips/254 emps 

Data Density 
GCR 6250 bpi (246 bpnm) 6250 ·bp i ( 246 bpnm) 
PE 1600 bpi(63 bpnm) 1600 bpi(63. bpnm) 

Data Transfer Rate 
GCR 313 kB/s 625 KB/s 
PE 80 kB/s 160 KB/s 

Access Time (nom i na 1 ) 5.0 ms See Table 1-2 

Write lnterblock Gap 
(nomina 1 ) 

GCR 0.45 in.(1.14 em) See Chapter 2 
PE 0.60 in.(1.52 em) 

Rewind Time (nominal) 2.5 mjnutes 2.5 minutes 
(2400- foot ree 1 ) 

(731.52 meter reel) 

Table 1-2. Nomina 1 Acces.s Time From Stop (mi 11 i seconds) -
2921/2922 

MODE IBG READ WRITE 

Start/Stop 0.28 in./O.71 em 5.6 ms --
6250 bpi 0.30 in./0.76 em 6.0 ms --
246 bpnm 0.45 in./l.14 em 9.0 ms 6.0 ms 

Start/Stop 0.50 in./l.27 em 5.6 ms --
1600 bpi 0.60 in./l.52 em 7.6 ms 6.0 ms 
63 bpmm 

Streaming 0.28 - 1 .2 in./ 12.0 ms --
0.71 - 3.05 em 

6250 bpi 0.30 in./0.76 em -- 12.5 ms 
246 bpnm 

Streaming 0.5 - 1 .2 in./ 12.0 ms --
1 .27 - 3.05 em 

1600 bpi 0.60 in./l.52 em -- 12.5 ms 
63 bpmm 
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1.2. 1 Power Features 

-Models ~921 and 2922 operate from either a 120 Vac, 60 Hz power 
source or a 220 Vac, 50 Hz power source. Chapter 8 provides a 
description of the power supply. 

1.2.2 interface Features 

Both models can be provided with either the StorageTek Standard 
Interface or the Industry Standard Interface (Pertec). The STK 
Standard Interface is described in Chapter 4 and the Industry 
Standard Interface is described in Chapter 5. 

1.2.3 Mounting Options 

Both models are available with either 
gravity (horizontal) mounting options. 
installation. 

1.2.4 Diagnostic Features 

vertical or center of 
Chapter 3 describes each 

The internal diagnostics programs are capable of detecting fault 
conditions in the tape subsystem and isolating fai.lures within a' 
specific number of field replaceable units (FRUs). A unique 
package is required for machines using the Industry Standard 
Interface. Optional programs are available on floppy diskettes 
to provide 292X interface verification and limited online 
exercising. See Chapter 11 for details. 

1.2.5 Electronics 

The electronics of the MTS are located on five plug-in printed 
circuit cards located in a card cage below the operator panel. 
The Industry Standard Interface requires two additional cards: PA 
and PB adaptor cards. These cards are identified in Figures 1-5 
and 1-6. In addition, there is an operator panel circuit card 
(KK) and three power supply circuit cards: the AK and NK 
regulator cards and the PK power circuit damage protection card. 
Chapter 8 describes the functions of each card. 
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1.3 SPECIFICATIONS 

Physical, environmental and power requirements for the MTS are as 
follows: 

1.3.1 Physical Dimensions 

The nominal outside dimensions of the MTS are: 

Height 
Width 
Depth 
Project ion 

Weight 

24.5 inches (62.2 cm) 
19.0 inches (48.3 cm) 
16.0 inches (40.6 em) 
4.8 inches (12.2 em) from RETMA 

125 pounds (57 kg) 
mounting surface 

1.3.2 Environmental Requirements 

Temperature (Ambient Room Air): 

Opt imum 
Operating 
Non-Operating 

Relative Humidity: 

Opt imum 
Operating 
Storage 
Shipping 

+ 16°C to +22°C (+BOo F to +72° F) 
+16°C to +31°C (+60 0 F to +90 0 F) 
-40°C to +70 oC (-40°F to +158°F) 

37% to 42%, noncondensing 
20% to 80%, noncondensing 
10% to 90%, noncondensing 
Any, noncondensing 

The storage environment must not exist outside the limits of the 
operating environment for a period longer than six months. 

The MTS must not be subjected to a temperature change greater 
than aoc (15°F) per hour. 

Altitude: 

Operating Up to 1830 meters .(6,000 feet) standard 
Up to 3050 meters (10,000 feet) with 

manual-assisted thread 

Non-Operating Up to 15,240 meters (50,000 feet) 
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'1.3.3 Power Requirements 

The MTS is designed to operate on anyone" of the following 
single-phase power sources (refer to Table 1-3) 

Table 1-3. Power Requirements 

Nominal Voltage Maximum 
Vo 1 tage Range Frequency Current 

100 Vac 85-110 60 (± 1 ) Hz 4 amps 
_'" ac • ",400 - '..,4 IJ'IJ \ - I I IZ "'t amps l'Jn V 

100 Vac· 85-110 50 (± 1 ) Hz 4 amps 
200 Vac 170-:220 50 ( ± 1 ) Hz 2 amps 
220 Vac 187-242 50 ( ± 1 ) Hz 2 amps 
240 Vac 204-264 50 ( ± 1 ) Hz 2 amps 

The MTS is assembled and shipped to operate from either a 120 
Vac, 60 Hz power source or a 220 Vac,· 50 Hz power source. 
Conversidn to other power sources requires changes to the primary 

-side wiring of the MTS input power transformer (refer to chapter 
3) • 
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CHAPTER 2 

OPERATION 

2. 1 INTRODUCTION 

This chapter describes the operator panel functions and status 
indicators, the common MTS operating procedures, and the required 
operator maintenance. 

2.2 POVVER ON/OFF SVVITCH 

The Power On/Off switch is used to power up or power down the 
MTS. When powered up, the MTS initializes and invokes a series of 
power-up diagnostics. 

2.3 DISPLAY 

The operator panel contains a four-character display. When the 
MTS is in Online Status, the display is blank. During machine 
check conditions, the display contains a three-digit fault cod~. 
When "the MTS is offline and at idle, the display contains four 
dashes indicating that the MTS is ready to accept diagnostic 
commands. When a key is" depressed, all segments of the display 
are lit to indicate that the key has been recognized and 
accepted. When pressure is removed from the key, the display 
returns to its previous state. 

Throughout this manual, display conditions are shown enclosed 
within parentheses. To summarize the display conditions and their 
meanings: 

( ) 
(---- ) 
(@n ) 
(@nn ) 
( nn) 
(nnnn) 
( ??) 
(????) 
( nnn) 

On 1 i ne 
Offline, panel idle, test successfully completed 
Executing maintenance routine 
Executing diagnostic routine 
Displaying data (flashing if from probe) 
Displaying address 
Request for data or test 1D input 
Request for address input 
Fault code (refer to Fault Code Dictionary PN 97712 
or 87004) 

2.4 OPERATOR FUNCTIONS AREA 

The operator functions area of the operator panel 
and 2-2) provides status indicators and a keypad 
control of the normal functions of the MTS. 
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Figure 2-2. Operator Panel, Center of Gravity Mount 

2.4.1 Ready Indicator (Green) 

The Ready indicator is illuminated when the MTS is fully loaded
and not performing a rewind operation. The indicator is active 
whether or not the MTS is in Online Status. In the model 2925 
this indicator flashes along with the Machine Check Indicator to 
signify the inability to write a record in cache mode when other 
write records_are in the buffer. 

2.4.2 Select Indicator (Yellow) 

The Select indicator is illuminated when the MTS is in Online 
Status and has been selected for use by the USER (that is, the 
MTS Address lines match the address of the MTS). 

2.4.3 EOT/BOT Indicator (Green) 

The EDT/BOT indicator is illuminated when EaT or BOT Status is 
set in the MTS; that is, when the BOT marker is detected by the 
BOT sensor or when the EDT marker has been detected by or is past 
the EDT sensor. When the indicator is lit at EDT, it remains 
illuminated until a rewind or backward read operation moves the 
EDT marker back past the EDT sensor. 
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2.4.4 On Line Indicator (Green) 

The On Line indicator is illuminated when Online Status is set in 
the MTS; that is, when the MTS is avai lable to the user. 

2.4.5 Machine Check Indicator (Red) 

The Machine Check (MACH CHK) indicator flashes to signal either a 
load check, which may be operator correctable, or to signal a 
malfunction of the MTS that requires service. A fault code of 
three characters is posted in the display. In model 2925 this 
indicator flashes along with the Ready Indicator to signify the 
inability to write a record while in cache made when other write 
records are in the buffer. 

2.4.6 File Protect Indicator (Red) 

The File Protect (FILE PROT) indicator is illuminated when tape 
is loaded and a write enable ring is not in place on the file 
reel. Write operations can not be performed when this indicator 
is illuminated. 

2.4.7 System Select.! 1600/6250 Indicators (Yellow) 

The System Select (SYS SEl), 1600, and 6250 indicators ~re used 
to show the current operating density of the MiS. The operator 
may select a density mode using the Density Select key when the 
MTS is either not loaded or loaded and positioned at BOT. The 
selected mode determines the density in which a tape is to be 
written. . 

Illumination of the 1600 indicator alone indicates that the tape 
wi11 be written in 1600 bpi density (PE format). Illumination of 
the 6250 indicator alone indicates that the tape will be written 
in 6250 bpi density (GCR format). Illumination of the System 
Select indicator in combination with illumination of the 1600 
indicator indicates that the recording density is to be selected 
by the CPU. On power up, the MTS will indicate System Select and 
1600. 

A read operation will be in the correct density regardless of the 
initial setting of the indicators. When the density of the tape 
being read has been determined, the corresponding indicator (1600 
or 6250) is illuminated. 

2.4.8 Density Select Key 

The Density Select (DENSITY) key is ~sed to select a recording 
density when the drive is unloaded or tape is loaded and at BOT. 
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Successive actuations of the key causes the MTS to cycle through 
the possible density modes. Upon power up, the MTS will be set to 
SYS SEL/1600 mode. Pressing DENSITY causes the MTS to go to 1600 
bpi density. A second press causes the MTS to go to 6250 bpi 
density. Entering DENSITY a third time returns the MiS to SYS 
SEL/1600 mode. 

Execution of a diagnostic routine may cause the density status of 
the MTS to change. A tape load operation will reinitialize the 
MTS to SYS SEL/1600 mode. 

2.4.9 Rewind/Unload Key 

The Rewind/Unload (REW/UNLD) key is used to unload tape. If tape 
is not at BOT when the key is pressed, a high speed rewind to BOT 
is initiated, the swing arms are retracted, and tape is unloaded 
from the tape path. Select and Ready Status are reset by this 
key. This key is not accepted if the MTS is in Online Status. 

2.4.10 Reset Key 

The Reset key is used to generate a subsystem reset. Pressing 
this key resets Select, puts the MTS in Offline Status, 
terminates any operation and tape motion that is in progress, 
cleats ~ny·machine check condition, and returns the display to 
idle (---- ),. 

2.4.11 Load/Rewind Key 

The Load/Rewind (LOAD/REW) key serves a dual p~rpose. If tape is 
not loaded, this key is used to load tape and position tape at 
BOT. If tape is loaded, this key causes tape to be rewound and 
positioned at BOT. This key is disabled if the MTS is in Online 
Status. 

2.4.12 On Line Key 

The On Line key is used to set the MTS to Online Status. Setting 
the MTS to online status will cause all presently on-going MTS 
operations to cease. Online status disables the Rewind/Unload and 
Load/Rewind keys. The online condition is reset by the reset key. 

2.5 DIAGNOSTIC KEYPAD 

Commands entered on the diagnostic keypad (Figures 2-1 and 2-2) 
allow access to various functions. These include maintenance 
programs execution, internal diagnostics execution, memory 
examination and modification, and a continuous readout of a 
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memory space location (probe). The operations available are 
dependent upon the status of the MTS and the current display 
contents. The keypad will not respond when the MTS is in Online 
Status or if a machine check is present (nnn). While idle 
(----) or er~or ( nnn) is present, all panel functions are 
available. During the execution of a maintenance program or 
diagnostic routine (@n ) or (@nn ), only memory read functions 
are available (Enter Address, Enter Probe, and Display Address). 
The Reset key serves to return the panel to an idle condition 
( ----) . 
The main function of each key on the keypad is marked on the key. 
Some keys have alternate' control functions. The protocol for 
using the diagnostic keypad consists of entering a control 
function and then entering data characters as required. The 
display contains input and output symbols appropriate to the 
function in process. 

The diagnostic keypad is also used to enter data characters. The 
data c~aracter associated with a given key appears in its upper 
right corner. 

2.5.1 Enter Address Key 

The Enter Address key is used to select an address from which 
data display is desired. Pressing the Enter Address <ENTER ADDR> 
key a110ws the entry of a hexadecimal number representing a 
location within the memory of the MTS controller. The display 
prompts for the entry with four question marks (????) until the 
first entry is made. The first entry then appears right-justified 
in the display with subsequent entries producing a shift left on 
the display. Any number of entries may be made. If the target 
address desired is the same as that most recently referenced, a 
press of the Enter key directly following the prompt display is 
sufficient. 

When the desired address appears on the display, the Enter key 
terminates address entry and causes the byte at that address to 
be displayed as two hexadecimal digits, right-justified. At this 
time each actuation of the Enter key displays the contents of the 
next memory location. 

2.5.2 Display Address Key 

When using the Enter key to display a long series of memory 
locations, it may be. necessary to determine the location 
currently being displayed. The Display Address key is used to 
display the MTS current address. Pressing the Display Address 
<OISP ADDR) key causes the current address to be displayed as 
four hexadecimal digits. Press the Enter key to display the 
contents of this address as in a normal enter address sequence. 
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The address last displayed is stored so that normal machine 
operation will not destroy it. The Display Address key may then 
be used at any time (for instance; following a diagnostic 
routine) and the Enter key may be pressed to recall a frequent 
memory location. 

If the Display Address key is pressed following subsystem power 
up and before the Enter Address function is used, memory location 
0000 is displayed. 

2.5.3 Modify Memory Key 

The Modify Memory <MOO MEM> key is used to modify a writeable 
"Emory location within the MTS controller. This Key is recognized 
only while data from the target location (from an <ENTER ADDR> or 
<DISP AOPR> key sequence) is being displayed. No memory 
modification is allowed while a diagnostic routine is executing. 
If this Key is pressed at. any other time, there wi 11 be no 
response,. 

CAUTION 

-If the memory is modified, MTS operation is not 
guaranteed. 

Following the actuation of' the Modify Memory Key, the display 
prompts for a byte value input (two hexadecimal entries) by 
displaying two question marks ( '??). The operator may now use as 
many keystrokes as necessary to produce the required data in the 
display. Each entry results in a shift left of the two digits on 
the right (the two digits on the left remain blank). 

When the data desired to be written is being displayed, pressing 
the Enter Key causes the data to be stored in the current memory 
location. (If the location being written is a read-only address~ 
there will be no effect on that location.) 

2.5.4 Enter Probe Key 

The Enter Probe <ENTER PROBE> key is used to cause a constantly 
updated display of a particular controller memory space location. 
The updating is indicated by a rapidly flashing byte on the 
display . 

. Following the actuation of the Enter Probe key, the display 
prompts for address input by displaying four question marks 
(????). Input of, the address is as described in Section 2.5.1. 
Following the delimiting Enter key actuation, the contents of 
that address is displayed in the two digits on the right. The 
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display flashes the byte continuously at about 
second. "The system may be brought back to idle 
the Clear or Reset key. 

2.5.5 Enter Diagnostic Key 

ten times per 
by using either 

The Enter Diagnostic <ENTER DIAG> key is used to initiate the 
entry of subsystem self-contained diagnostic routine numbers. 
After pressing the Enter Diagnostic key, the display prompts for 
the entry of a two-digit hexadecimal routine identification by 
displaying two question marks ( ??). The operator may now use as 
many keystrokes as necessary to produce the required 10 in the 
display. Each entry results in a shift left of the two digits on 
the right (the two digits on the left remain blank). 

When the desired routine number appears in the display, pressing 
the Enter key results in the attempted execution of that routine. 
The 10 is displayed while the routine is being executed. If the 
routine is not successful, fault codes are displayed as three 
hexadecimal digits. If the routine is successful, completion is 
indicated by the idle display (----). 

A routine in progress may be terminated by pressing the Reset 
key. 

2.5.6 Enter Key 

The_Enter <ENTER> key is specific in nature and is described in 
t he sec t ions above for all sequence"s. For mos t cases t his key 
serves to delimit address and data entries and initiates the 
performance of a requested function. 

2.6.7 Clear Key 

The Clear <CLEAR> key is used to clear the last data and/or 
address entry in the display and return to the prompt mode 
(question marks in the display) of the last function attempted. 
If the MTS is currently in a prompt mode (no entry has been 
made), the MTS returns to an idle state and awaits a function 
request. If a diagnostic routine is being executed, its 10 is 
again displayed. 

2.6 TAPE THREADING OPERATIONS 

MTS operations are provided by the operator functions keypad on 
the operator panel. Machines with vertical mount can have tape 
loaded automatically, semiautomatically, or manually. Machines 
with center of gravity mount can have tape loaded 
semiautonatically or manually. Procedures are described below. 
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2.6.1 Automatic Thread/Load--Vertical Mount 

The automatic thread/load is the normal procedure for vertically 
mounted machines. 

1 . Power up the' MTS, if necessary; the swi ng arms automa t i ca lly 
extend and then retract. Ensure the machine reel cover and 
the thread cover are closed. 

2. Unlatch the file hub locking lever. Place the reel of tape 

3. 

on the file reel hub, then relatch the lever. Make certain 
that the reel is secure. 

Press LOAD/REWIND. 
sensors are enabled, 
on. 

The vacuum blower 
and power the 

motor turns 
r ee 1 iliC) tor s 

on, the 
is turned 

The MTS initially assumes that the tape leader is positioned 
at the entrance of the tape threading path and rotates 
clockwise to slip the tape leader into the path. If tape is 
not sensed at the EDT/BOT sensor within a given amount of 
Jime, the file reel reverses and attempts to position the 
tape leader using the leader sensor. If the leader cannot be 
sensed, it is assumed that the leader is stucK to the tape 
reel with static and the file reel. is rotated rapidly to try 
to break the static. When the leader is sensed, it is 
positioned at the entrance of the .tape threading path. 

Vacu'um created by the blower motor pulls' the tape up the tape 
threading path. The tape is sensed at the EDT/BOT sensor as 
Tape Present. When the tape has wrapped the machine reel hub, 
it is sensed as Tape Attached and the blower motor turns off. 
If any of these steps fails to occur in the prescribed time, 
a mark is counted against the load. If three marks are 
counted, the load has been unsuccessful and a fault code is 
posted in the display. 

When Tape Attached is sensed, the tape is moved forward until 
the beginning-of-tape (SOT) marKer is found. Tape continues 
to move forward a few feet and stops. The swing arms are 
lowered into their normal operating area. 

Tape is rewound to BOT. When BOT is sensed and tape is 
stopped, the file reel is moved such that the MTS logic can 
determine file reel size. Tape then moves forward past BOT 
and a series of start/stop operations is run forward and then 
repeated backward. These start/stops allow the adaptive 
features of the capstan control algorithms to initialize for 
the current ~ape. 

Tape is then brought bacK to BOT and stopped. The Ready 
indicator is illuminated and the MTS is ready for operation. 
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4. Pressing ON LINE after the Ready indicator is lit enables the 
MTS to accept commands from the user. 

2.6.2 Semiautomatic Thread/Load-Vertical Mount 

If the tape does not load ·successfully during automatic 
thread/load, the semiautomatic thread/load procedure can be used. 

1. Power up the MTS and load the file reel onto the hUb. 

2. Press the Load/Rewind button twice, 
interval between presses. 

with a four second 

3. Manually and slowly rotate the file reel clockwise to allow 
the tape leader to drop into the tape path until the file 
motor moves on its own. 

2.6.3 Semiautomatic Thread/Load--Center of Gravity Mount 

The semiautomatic thread/load is the normal procedure for center 
of gravity mounted machines. 

1. Power up the MTS and load the file reel onto the hub. 

2. Press the Load/Rewind button once. 

3. Manually and slowly rotate the file reel clockwise and pull 
the tape leader into the tape path cavity. 

4. Continue to rotate the file reel until enough tape leader is 
released into the tape path for the file motor to move on its 
own. 

2.6.4 Manual Thread/Load--Vertical or Center of Gravity Mount 

If the blower motor is not operating, tape must be loaded 
manually. Refer to 2-3 

1. Power up the MTS and load the file reel onto the hub. 

2. Open the thread cover and remove the machine reel cover. 

3. Pull the tape leader under the lower swing arm roller, 
through the tape path, over the capstan wheel, under the 
upper swing arm roller and ~ver the machine reel. 

4. Manually wind the upper reel clockwise, using a finger to 
hold the tape leader against the machine reel hub, until the 
tape is secured to the reel. 
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5. Press the Load/Rewind button.-

2.6.5 Midtape Load, EOT Area 

If a load is required when tMe- tape is in the EDT area (after 
POWER DOWN or LOOP OUT), a load problem may occur. A forward 
search for SOT will be initiated and may cause tape to be pulled 
off the file reel. To avoid this, use the following procedure: 

1. Power up the machine if necessary (allow diagnostics to 
comp lete) . 

2. Press' UNLOAD' . 

3. Allow the tape to rewind onto the file reel for about 10 
seconds. 

4. Press 'RESET' to halt the unload. 

5. Press 'LOAD' for a midtape load. 

• 
2.6.6 Rewind 

1. If the MTS is in Online Status, press RESET. 

2. Press LOAD/REWIND. -Tape re~;nds at high speed, passes BOT, 
stops, moves forward to the BOT marker, and stops in Ready 
Status. 

2.6.7 Unload 

1. If the MTS is in Online Status, press RESET. 

2. Press REWIND/UNLOAD. I f tape is posi t ioned off BOT, it wi 11 
rewind at high speed, pass BOT, stop, and move forward to the 
BOT marker. With tape at BOT, the swing arms retract, tape ;s 
unloaded onto the file reel, and power for the reel motors is 
turned off. 

2.7 OPERATOR MAINTENANCE 

Because cleanliness is crucial to successful magnetic tape 
operations, there are several operator cleaning procedures which 
should be performed daily or ~fter each eight-hour shift under 
normal operating conditions. 

These procedures are for cleaning components of the tape path 
(Figure 2-4). Cleaning should be done using only Storage 
Technology Hub and Transport Cleaner Fluid to moisten a lint-free 
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cloth or foam-tipped swab. Refer to Appendix B for the part 
number of the cleaning supplies. After applying cleaner~ allow a 
few minutes for excess,fluid to evaporate before mounting a tape. 

2.7.1 Read/vVrite Head and Tape Cieaner Biock 

WARNING 

The tape cleaner blade is sharp. Use extreme care 
when handling the tape cleaner block. 

Clean the read/write head and the tape cieaner· blocK using a 
lint-free cloth'moistened with Hub and Transport Cleaner Fluid. 
Make certain the head and cleaner block are free of oxide 
deposits. Use foam-tipped swabs to clean the cleaner block. 

2.7.2 EDT/BOT and Leader Sensors 

Clean the EaT/BOT and leader sensor windows using a foam-tipped 
swab moistened with Hub and Transport Cleaner Fluid. Allow time 
for complete drying and remove any residue with a dry swab. 

2.7.3 Tape Guides, Rollers, and Swing Arms 

Clean the two tape guides, the three fixed rollers, and the four 
swing arm rollers using a lint-free cloth moistened with Hub and 
Transport Cleaner Fluid. To reach otherwise inaccessible areas, 
foam-tipped swabs may pe used. If necessary, the edge of a data 
processing card' may be used to clean the flange corners of the 
guides. 

2.7.4 Capstan 

Clean the capstan using a lint-free cloth wrapped around the 
index finger and moistened with Hub and Transport Cleaner Fluid. 

CAUTION 

Do not touch the outer, tape-contacting surface of 
the capstan with the bare hand as the surface is 
sensitive to contamination. Always use a cloth 
when handling the capstan and grip only the hub of 
the capstan. 

With the free hand, slowly rotate the capstan hub while wiping 
the capstan surface with the moistened cloth. Two or three 
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revolutions is sufficient. Wipe the capstan with a dry, lint-free 
cloth to remove excess cleaner fluid. 

2.7.5 File Reel Hub 

Clean the expansion surface of the file reel nuo using a 
lint-free cloth moistened with Hub and Transport Cleaner Fluid. 

2.8 TAPE MOTION CHARACTERISTICS 

The 2921 operates at a nominal tape velocity of 50 inches per 
second (ips) in the start/stop mode. 

The 2922 operates at a nominal tape velocity of 50 ips in the 
start/stop mode and 100 ips in the streaming mode. 

The 2925 with Cache Buffer operates at a nominal tape velocity of 
100 ips in the streaming mode. Although the 2925 is capable of 50 
ips operation, the 50 ips mode is generally not used. 

NOTE 

The MTS defaults to the velocity switch setting at 
power on. 

The effects 'of velocty profiles and' gap sizes in tahe -2925 are 
generally masked from the host interface as a result of the cache 
buffer. The buffered MTS includes both the start/stop mode and 
streaming mode as described in the following paragraphs. The 
start/stop and streaming modes are apparent to the host interface 
when the MTS is operated in the long-record (non-buffered) mode. 

2.8.1 Start/Stop Mode 

In start/stop mode the tape travels a certain distance after the 
read head reaches the end of a record before the tape begins to 
decelerate. This "holdover" travel can be useful at 1600 bits 
per inch (bpi) density because it gives the maximum "reinstruct 
window" during which time the MTS can be given a new corrmand and 
continue traveling at full speed. The nominal holdover distances 
at 1600 bpi are 0.25 inch for a read and 0.19 inch for a write, 
which translates into reinstruct windows of 4.0 milliseconds and 
2.8 milliseconds, respectively. 

If the MTS is reinstructed during the deceleration ramp in either 
density, tape need not come to a complete stop as shown in Figure 
2-5. Refer to Section 2.9 for further information on lBGs. 
In GCR J 6250 bpi) mode, if a wr i te rei nstruct is issued wi thi n 
the first half of the deceleration period (that is, within 2.5 
milliseconds), a 0.37 inch gap r~sults. The gap after a complete 
stop is 0.43 inch. This is illustrated in Figure 2-5. Refer to 
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The nominal start or stop time at 50 ips is 5.0 milliseconds. 
The dotted area in Figure 2-5 shows, however, that the tape need 
not come to a complete stop if it is reinstructed early enough. 
The start and stop times are then less than 5.0 milliseconds. If 
the tape does come to a complete stop, it can be restarted 
without further delays. 

2.8.2 Streaming Mode 

In the 100 ips streaming mode without cache buffer, the tape does 
not stop at all if reinstructed promptly enough. However, if the 
end of the interblock gap is reached and a new command has not 
been received, a repositioning cycle is performed. Repositioning 
is accomplished relatively quickly by using the capstan to stop 
the tape and back it up to the point where it is ready for the 
next instruction. Meanwhile, the machine and file reels are 
decelerated more slowly with the difference in the tape being 
taken up by the tension arm buffer (Figure 2-6). 
At point A in Figure 2-6, the tape has traversed the gap without 
a reinstruct. The capstan decelerates to a stop at point S, then 
ramps up to backward velocity at point C. The amount of time 
that the tape moves at full backward velocity between points C 
and D, is a function of the i~terblock gap length; the longer the 
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gap selected, the longer it takes to back up. The tape then 
decelerates and stops at point E. The tape remains at point E 
until a new command is received. The nominal streaming mode 
start time between points E and F is, 10.0 milliseconds. Point G 
denotes the beginning of the next record on the tape. 

With the cache buffer model, the effects of reposition and access 
times are generally masked from the host interface. The MTS will 
act to keep tape streaming with a minimum number of repositions 
between records. 

2.9 INTERBLOCK GAP (IBG) 

Interblock gaps are generated by the MTS as shown in Table 2-1. 
An interface command sequence can be used to select the ·gap 
settings; or, defaults can be selected by way of the switches on 
the IF card. 

For Model 2922 in the 50 ips start/stop mode, the nominal GCR 
lBGs vary as a function of reinstruct time. In this mode, the 
tape decelerates but does not stop if reinstructed early enough, 
causing the shorter 0.37 inch nominal gap to be generated. 
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For Model 2922 in the 100 ips streaming mode, variable gaps may 
be generated. The gap size is then a function of how quickly the 
MTS is reinstructed, up to the maximum gap length selected. For 
example, if a 0.9 inch maximum gap length is selected and the MTS 
is reinstructed before the tape moves that far, then a shorter 
gap (between 0.3 inch and 0.9 inch for 6250 characters per inch) 
is generated. If not reinstructed in time, then a repositioning 
cycle is necessary and the next gap generated is the short gap 
length, listeq under "fixed" in Table 2-1. For example, after 
repositioning ih 6250- bpi, a 0.30 inch gap is generated. The· 
~aximum gap lengths that may be selected are shown in Table 2-2. 

Table 2-1. Generated Interblock Gap Lengths (Inches) 

50 IPS START/STOP 100 IPS STREAMING 

DENSITY NOMINAL MAX FIXED VARIABLE 

6250 BPI 0.37 to 0.43 0.50 0.30 0.30 to "Select" 
1600 BPI 0.60 0.65 0.60 0.-60 to "Select" 

Note: M-i nimum I BGs are 0.28 inch for GCR and 0.50 
inch for PE per ANSI. 

Table 2-2. Selectable Interblock Gaps 

DENSITY GAP SIZE 

6250 BPI 0.3, 0.6, or 0.9 in. 
0.76, 1 .52, or 2.29 cm 

1600 BPI 0.6, 0.9, or 1.2 inches 
1 .52, 2.29, or 3.05 cm 
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For Model 2925 cache buffer in the 100 ips streaming mode, fixed 
IBGs of 0.3 inch at 6250 bpi, or 0.6 inch at 1600 bpi are 
generated. 

A reposition cycle occurs when reading in the 100 ips streaming 
mode (ei ther 6250 bpi or 1600 bpi), if a gap of 1 .2 inches is 
traversed without a reinstruct command, or no reinstruct is 
received before the next block is encountered.· This is 
independent of the gap size selected. The minimum read gap that 
is supported in both 50 ips start/stop mode and 100 ips streaming 
mode js 0.28 inch.for 6250 bpi and 0.50 inch for 1600 bpi. 
During 100 ips streaming mode, if the next block is encountered 
before the MTS is reins~ructed, the tape is repositioned relative 
to the start of this next block, rather than to the beginning of 
the lBG; to achieve minimum access time. --

Reposition cycles while reading are generally masked from the 
host when operating with the cache buffer model. 

2.10 REPOSITION TIMING 

Reposition time is the time between point A and point E shown in 
Figure 2-6. It is a function of the maximum interblock gap 
length selected. Table 2-2 shows the reposition times for each 
gap length listed in Table 2-3. 

Table 2-3. Reposition Times (Milliseconds) 

DENSITY INTERBLOCK GAP REPOSITION TIMES 

6250 BPI 0.3 in. 50.0 ms 
0.6 in. 53.0 ms 
0.9 in. 66.0 ms 

1600 BPI 0.6 in. 50.0 ms 
0.9 in. 53.0 ms 
1 .2 in. 66.0 ms 

2. 11 REINSTRUCT TIMES 

Reinstruct time without cache buffer, is defined for streaming 
mode as the time from the resetting of the interface output 
signal BUSY at the completion of a command, to the time when the 
tape moves to the latest point in the interblock gap beyond which 
a reposition cycle is required. These times are a function of 
gap size, density, and read/write operations. Table 2-4 shows 
the times for the longest gaps and Table 2-5 for the shortest 
gaps. 
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With the cache buffer model, a delay on the host interface 
between commands does not directly relate to the crossing of an 
interblock gap on tape. A shorter delay, however, generally 
results in better system tRroughput. 

Table 2-4. Nominal Reinstruct Times (Maximum Gap) 

MAXIMUM REINSTRUCT TIME (MILLISECONDS) 

DENSITY INTERBLOCK GAP READ WRITE 

6250 BPI 0.9 in. 8.0 ms 6.5 ms 
1600 BPI 1.2 in. 11.0 ms 9.5 ms 

Table 2-5. Nominal Reinstruct Times (Minimum Gap) 

MINIMUM REINSTRUCT TIME (MILLISECONDS) 

DENSITY INTERBLOCK GAP READ WRITE 

6250 BPI 0.3 in. 2.0 ms 0.5 ms 
1600 BPI 0.6 in. 5.0 ms 3.5 ms 

2. 12 SPEED CHANGE 

An interface command sequence is used to change speeds between 50 
ips and 100 ips. The user can change speeds at various times 
(for example, at the beginning of the tape or after reading some 
data) provided execution of the previous command is complete. 
This causes the repositioning of the loaded tape and the movement 
of the tension arms to a new position. The amount of time 
required to accomplish this change is: 

100 ips to 50 ips: approximately 300 milliseconds 

50 ips to 100 ips: approximately 300 milliseconds 
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2. 13 TURNAROUND 

Turnaround delays are encountered between certain cOlTllland 
sequences. For example, when a write command follows a read 
forward or read backward command, the erase head must be properly 
repositioned. When any backward-type command follows a write 
command, a gap is erased in the forward direction before the 
backward-type command is executed. 

Turnaround delays include not only any time necessary for tape 
repositioning but also time for the swing arms to approach their 
normal stopped positions. At 50 ips the arms may taKe as long "as 
100.0 milliseconds to stabilize. However, if sufficient time has 
elapsed since the previous command ended, the arms may h~VQ 
already stopped so that no extra time for arm motion is required. 

In the 100 ips mode a change in direction necessitates 
even if the swing arms are stable. Since the stop 
forward is different from the stop position backward, a 
direction means the swing arms must first move toward 
stop position before any motion can take piace. This 
stop positions taKes approximately 160.0 milliseconds. 

2.14 DUTY CYCLE 

a delay 
position 

change in 
their new 
change of 

In the 100 -i ps s treami ng mode, the Mode 1 2922 enters a duty cyc 1 e 
limit mode if more than 6000 tape starts are encountered within 5 
minutes. The Model 2925 enters duty cycle limit mode if more 
than 3000 tape starts occur within 5 minutes. Once in duty cycle 
limit mode the MTS stays in this mode for a fixed time period and 
then automatically exits duty cycle limit mode when the time 
period is completed. While in duty cycle limit mode the MTS does 
not allow a tape start (after a deceleration and stop) until the 
tape has been idle for a specified time. Thus, the access time 
for the command issued could be increased if the MTS is in duty 
cycle limit mode, and if the host misses the reinstruct window 
needed to ensure streaming. 

If the drive is kept streaming, many commands can be processed 
for one tape start and the chance of entering duty cycle limit is 
greatly reduced, and usually avoided altogether. 

There is no duty cycle limit for the 50 ips start/stop mode. 

With the Model 2925 operating at 100 ips, the MTS minimizes the 
number of tape starts so that the duty cycle limit is generally 
avoided. 
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2. 15 CACHE BUFFER 

The 2925 contains a cache buffer located _ on a printed circuit 
card in the card cage. This card also includes the host 
interface logic and ~he microprocessor control for the buffer. 
The cache has two modes of operation .. The first is buffered mode 
where multiple read or write records are generally contained in 
the cache. The second is long-record mode whe~e, at most, one 
record is allowed in the cache. Long-record mode is required for 
records that are longer than 256K bytes. 

2.15.1 Buffered Mode Operation 

In buffered mode, data can be transferred between the host and 
the cache at a faster or slower rate than the normal tape data 
rate. Buffered mode is a switch selectable option. Up to 255 
read or write records may be contained in the buffer memory. 

If a series of write records are received from the host at a fast 
enough rate, there will be multiple records in the cache. These 
records are then written to tape. If an error is encountered 
when writing to tape, the cache control automatically tries an 
error recovery process. This is accomplished by doing an Erase 
Gap over the bad record and then rewriting the record from the 
buf-fer memory. A switch-selectable option allows this process to 
be repeated 5, 10, or 15 times.' At tl':le time the host writes the 
record into the buffer memory, the status to the host may 
indicate no errors! Later when that record is written to tape, 
errors may occur that require retries. If the retries are 
successful, no error status is sent to the host, although the 
errors are summarized in the Sense or Status Bytes. If a retry 
is not successful, Reject or Hard Error is sent to the host on 
the next available command. 

A switch-selectable option determines if single-track corrections 
written at 6250 bpi are left on tape or rewritten. In either 
case the status presented to the host at the time the record is 
written into the buffer memory will not indicate the single-track 
correction. All errors are summarized "in the Sense or Status 
Bytes. The switch is ignored in long-record mode. 

During read operations a series of read records are read ahead 
from tape, and held in the cache for later transfer to the host. 
If an uncorrectable error is encountered when reading from tape, 
the cache control attempts an error recovery process by 
backspacing and re-reading the record. A switch-selectable 
option allows this process to be repeated 0, 5, 10, or 15 times. 
If the record is successfully read during a retry, then, when it 
is later transferred to the host, the status with that record 
will indicate good data. Errors encountered during the retries 
will be sunmarized in the Sense or Status Bytes. If a 
correctable error is encountered when reading from tape, then, 
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when that record is later sent to the host, the status with that 
record will indicate the correction and all errors will be 
summarized in the Sense or Status Bytes. It may occur that a 
record cannot be read from tape, even after all retries. When 
the host later requests that record, data will be transferred and 
Data ChecK or Hard Error status asserted at that ti~~. 

A command to write a tape marK following a series of Write 
commands mayor may not (depending on the switch setting), cause 
all data in the buffer memory to be written out to tape, before 
acceptirg any other commands. A switch-selectable option allows 
either one Write Tape MarK command or two Write Tape MarK 
commands in a row to be received before draining all memory data 
out onto tape and thus synchronizing physical tape with the 
logical host interfaceo 

A series of read commands causes records to be read ahead into 
cache. If any command other than a read (except a NOP for 
machines with the StorageTek Standard Interface) occurs while 
there are records remaining in cache, those records are ignored 
and physical tape is positioned to align with the logical host 
interface. The Read Forward and Write commands are the only 
~~m~nds that can cause multiple records to be in cache memory. 
All other commands cause physical tape to become aligned with the 
logical host interface. 

2.15.2 Long-Record Mode Operation 

In long-record mode, the cache acts as a conduit between the host 
interface and physical tape. This mode does not store multiple 
records in cache. but rather causes a single record to pass 
through, between the host interface and the tape. When dealing 
with records larger than cache memory, this mode of operation 
must be selected. The host interface must be able to transfer 
data at a rate equal to or faster than the tape data rate in this 
mode. 

2.15.3 Cache-Specific Commands 

Several commands are used specifically with the cache buffer. 
These include both funct is:>na 1 and diagnostic conmands. When 
writing data in functional mode, a failure may result where 
several records that cannot be written to tape, are left in cache 
memory. On the next available conmand, the MTS will signal 
Reject or Hard Error for this command and all subsequent 
commands, except for the Sense command. The Sense command 
reports status, including how many records are remaining in caGhe 
memory that could not be written to tape. The mode set command 
may then be used to set the MTS to the cache data mode where host 
data -is written to or read from the cache memory without 
involving physical tape. The host can now read back the records 
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left in cache memory in an attempt to recover the data. Care 
must be exercised to determine if the data on tape is usable. 

If the host does not issue a Sense command following the Reject, 
then all subsequent commands continue to be Rejected. Also for 
machines with the StorageTeK Standard Interface, if the Sense 
command does not request 59 or more sense bytes from the MTS, all 
subsequent commands will continue to be rejected. For machines 
with the Industry Standard interface, a Read Controller Sense 
Command must be executed. After the required number "of sense 
bytes have been received by the host a Reset command will free 
the MTS to again accept all commands. 

If performing diagnostics, the mode set (StorageTeK Interface) or 
Write Extended (Industry Standard Interface) command can be used 
to enter cache data mode, where the host can write to and read 
back from the cache memory itself; data is not passed through to 
tape. The mode set command can also be used to select buffered 
or long-record mode. Power-on default to either buffered or 
long-record mode is a swi tch-se lectab le opt "ion. 

The CLR command (StorageTeK Interface) can be used following a 
series of buffered writes to "synchronize" the tape by causing 
any remaining data blocKs iricache memory to be written to tape 
before accepting further commands from the host. 

2. 15.4 Early EOT 

When writing records in buffered mode the MTS determines how much 
tape is left before reaching the EDT marker. Starting a short 
distance before the EDT marker, the amount of write data allowed 
in the buffer memory is reduced to either one or four records, 
depending on an option switch setting. 

2.15.5 Maximum Block Size 

For optimum performance, the cache buffer microprocessor should 
know the maximum read or write block size to be expected. It can 
then manage the remaining buffer memory space most efficiently. 
Switch-selectable options are: 8, 16, 24, or 32K byte. If 
records longer than the switch setting are encountered, system 
performance may be degraded. 
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CHAPTER 3 

INSTALLATION 

3. 1 INTRODUCTION 

This chapter provides instructions for inspection, power set up, 
preliminary checkout, and cabinet mounting of the MTS. 

EachoMTS is shipped on a foam cushion shipping pallet assembly 
with a corrugated overcarton. The container provides stability 
and protection for the MTS and should not be removed until the 
unit is ready to be mounted into an equipment rack. Provision has 
been made for an operational checKout of . the MTS while on the 
shipping pallet. 

3.2 INSPECTION 

-1. Position the pacKaged MTS upright at the operational checkout 
station. 

WARNING 

The MTS and its shipping carton weigh 
approximately 150 pounds (68 Kg). Use 
appropriate mechanical aids and sufficient 
personnel when moving the unit to prevent 
personnel injury or equipment damage. 

2. Remove the unpacking instructions and any other documents 
from the exterior of the shipping carton. 

3. Visually inspect the exterior of the shipping carton for 
evidence of physical damage that may have occurred in 
transit. Verify that a shock watch is located on the carton 
and inspect the bubble. A red bubble indicates that damage 
has occurred. If any damage is found or if no shock watch is 
located on the carton, promptly report the condition· to a 
company representative. 

4. Remove only the top of the shipping container (corrugated 
carton, corrugated inner tray, and top foam cushion). The MTS 
should be sitting upright, supported by the bottom of the 
cushion pallet assembly. Do not lay the MTS on its side. 

5. Remove the front cushion foam from the lower front area of 
the cushion pallet. This permits access to the front of the 
MTS. 
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6. Open the taped end of the antistatic polybag. Pull the bag 
completely down around the sides of the MTS. Cut the polybag 
as necessary to permit free opening of the front door of the 
MT S " Do nota t temp t to remove the po 1 ybag from under the MT S 
until ready to mount the unit in a rack. 

7 .. Check all items against the shipping list to verify container 
contents. Verify that the serial number of the unit 
corresponds to that on the shipping invoice. Contact a 
company "representative in case of a packing shortage or 
incorrect serial number. 

8. Visually inspect the MTS for evidence of physical damage that 
may have occurred during handling or in transit. If any 
damage is found, promptly report the condition to a company 
representative. 

9. Open the front door of the MTS and remove any cellophane and 
tape. 

10. Remove all packing materials from cables and connectors. 
Check for bent or mi sa 1 igned pins and straighten as 
necessary. 

1 1 . Verify that all cable connect ions are tight. (Refer to Figure 
3 - 1 • ) 

12. Check for l09se hardware throughout the MTS and tighten as' 
necessary. Ensure that all DIP packages on the circuit cards 
in the card cage are secure in their sockets. 

3.3 POWER CONNECTION 

The input frequency rating for the unit is determined by the 
frequency option installed at the time of manufacture. 

Verify that the facility AC power frequency and voltage matches 
that indicated on the CAUTION - HIGH VOLTAGE label on the MTS 
before ,connecting the unit to the facility power. 

If the facility AC power does not match the machine 
configuration, move the X or PKX wire to the appropriate terminal 
on top of the PK board as shown in Table 3-1. 
If this wire is moved in order to change the input voltage rating 
of the unit, ensure that the indication on the CAUTION - HIGH 
VOLTAGE label accurately reflects the new configuration. 

The MTS is equipped with a three-conductor power cable. The card 
cage and the deck casting are connected to the safety ground of 
the power cord. The center pin of the power plug is the ground 
connection. 
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Table 3-1. PK Board Wiring for Input Power 

Input Input Connect X or PKX Wire 
VAC Freq. 

100 . 60 Hz To PK Board Terminal 6 

120 60 Hz To PK Board Terminal 4 

200 50 Hz To PK Board Terminal 6 

220 50 Hz To PK Board Terminal 4 

240 50 Hz To PK Board Terminal 2 

3.4 PRELIMINARY CHECKOUT 

The preliminary checkout tests the major electrical functions of 
the MTS offline before it is installed in an equipment rack. 
Test the MTS on the cushion pallet assembly and without 
connections to the CPU. 

1. Ensure the Power On/Off switch is off, then plug the power 
cord into the facility power. 

WARNING 

Do not touch any part inside the MTS when the 
MTS is powered up to prevent electrical shock 
or damage to the machine. 

2. Set the circuit breaker to ON. 

3. Press on the operator panel Power On/Off switch. The cooling 
fans in the top of -the electronics cage should turn on and 
MTS power-on diagnostics will be initiated. 

4. Without a tape on the file reel hub, press LOAD/REWIND. The 
threading vacuum blower will come on and the machine reel 
will rotate as if in a tape threading sequence. Since the 
presence of tape will not be detected, the operation will 
halt and the Machine Check indicator will flash, indicating a 
load failure. Press RESET to enable the MTS again. 
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NOTE 

Center of gravity (horizontal) mounting requires 
the semiautomatic thread procedure on every tape 
ioad. Enabling the Center of Gravity Option causes 
the load sequence to automatically pause for manual 
positioning of the tape leader. To enable this 
option, set the appropriate DIP switch on the IF 
card to the OFF position. Refer to Figures 3-2 and 
3-3. 

5. Mount a write enable ring onto a reel of scratch tape. 

6. For vertically mounted units, use the following procedure: 

a) Mount the reel of scratch tape onto the file hub with the 
tape leader end positioned at the threading channel. 

b) Ensure that the threading door is closed with all catches 
firmly engaged. 

c) Press the Load/Rewind 
automatically. 

button; tape will load 

7. For center of gravity (horizontally) mounted units, use the 
following procedure: 

a) Mount the reel of scratch tape onto the file hub. 

b) Press the Load/Rewind button. 

c) Manuallyand slowly rotate the file reel clockwise and 
pull the tape leader into the tape path cavity. 

d) Continue to rotate the file reel until enough tape leader 
is released into the tape path for the Tile motor to move 
on its own. 

8. Successful tape thread and load causes the EDT/BOT indicator 
to be illuminated and the File Protect indicator to be off. 

9. Remove the write enable ring from the scratch tape, mount the 
reel of scratch tape onto the file hub, and load the tape as 
in step 6 or 7 above. Both the EDT/BOT indicator and the 
File Protect indicator should be illuminated. 

10. Check reel motion by completing the 
Terminate each step by pressing RESET. 

following steps. 

a) Initiate steady state forward motion by entering the 
following at the diagnostic keypad: <ENTER DIAG>, <0>, 
<ENTER>. 
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0 0 0 , 0 

II !II 1111 6 16 16 CENTER Or: { 6 GRAV"!i'Y 
~O~.Ni 

IS S"';:~:H: I 5 5 15 C a S:~~CT:iJ } SWITCHES 
T = NOT 

14 14 
3,4,ANC 

SE.LECTED 4 4 5 NOT 
USED 

3 3 13 13 

ADDRESS { 1111 2 1111 2 111112 111112 
SELECT 
SWITCHES III1 II11 1 1111 l' 11111' 

ADDRESS (BINARY) 00 01 10 11 

(DECIMAL) 0 2 3 

NOTE: 
DARK AREA ON SWITCH IS PRESSED DOWN FOR ABOVE CONFIGURATIONS, 

12066 

Figure 3-2. Interface Card Address, 
Center of Gravity Configuration 

b) Initiate steady state backward "motion by entering: 
<ENTER DIAG>, <1>, <ENTER>. 

c) Initiate shoeshine motion by entering: <ENTER DIAG>, 
<2>, <ENTER>, Change shoeshine motion speed by 
continuing to press <ENTER>. 

d) Initiate start/stop motion (backward and forward) by 
entering: <ENTER DIAG>, <3>, <ENTER>. Change speed and 
direction by continuing to press <ENTER>. 

11. Press REWIND/UNLOAD and ensure tha't the MTS rewinds to BOT 
and successfully unloads the reel of tape. Remove the reel 
of tape. 

12. If the MTS is not to be rack mounted at this time, reinstall 
"a 11 packagi ng ma ter i a 1 previ ous 1 y removed to assure safe 
storage. 

3.5 VERTICAL CABINET MOUNTING 

The MTS is designed to be mounted 
rack or universal cabinet with a 
inches {75.S cm). 

3-6 

in a standard 
minimum panel 

19-inch RETMA 
space of 29.8 
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IF CARD (STO STK - 100 IPS ANO 2925) IF CARD (STO STK - 50 IPS) 

F~SWITCHES 

BA7S BAS3 BAS3 BA45 

PJ P 
V V 

TERMINATORS TERMINATORS 

IF CARD (INDUSTRY STO - 50 IPS) IF CARD (INDUSTRY STO - 100 IPS) 

I ~SWITCHES ~SWITCHES 

BA75 BA69 BA7S 6A59 

~R ~R 
V v 

TERMINATORS TERMINATORS 

12055 A 

Figure 3-3. IF Card Terminator and Address Switch Locations 
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NOTE 

The· hinges, screws, and keeper required for mounting 
the MTS onto a vertical rack are supplied in a package 
shipped with the MTS. 

CAUTION 

Instability of the vertical rack may occur when 
the deck casting is open. To prevent tipping, a 
90 pound (40 kg) ballast (refer to Figure 3-4) may 
be secured to the bottom of the rack at the back. 
Any suitable alternative may be used if the 
possibility of the rack tipping is precluded. 

1. Install the two half hinges on the mounting rails of the rack 
as shown in Figure 3-5 using two 10-32 x 0.750-inch screws 
with flat and lockwashers (supplied). Note that the half 
hinge with the longer hinge pin is the bottom hinge. 

WARNING 

The MTS weighs approximately 125 pounds (57 
kg). 'Use appropriate mechanical aids and 
sufficient personnel when moving the unit to 
avoid personnel injury or equipment damage. A 
suggested lifting method is shown in Figure 
3-6. 

2. Lift the MTS from the cushion pallet assembly. Ensure that 
the antistatic polybag does not hang or pullan the MTS 
components causing damage. 

3. Position the MTS near the hinges and start the unit onto the 
lower hinge pin, then onto the upper hinge pin (refer to 
Figure 3-5). 

4. Loosen the bottom screw of the upper half hinge on the MTS 
casting, slide the keeper into place, then refasten the 
screw. Refer to Figure 3-5. 

5. Connect the MTS chassis ground strap by placing the ground 
strap lug over the top screw of the top hinge on the back 
side of the mounting rail and securing with a 10-32 nut and 
lockwasher. 
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HOLE LOCATIONS FOR LIFTING 
BRACKET (4 PLACES) 
TAPPED 10-32 X .5 DP 

\ 

II o 
o 

DECK-REAR VIEW 
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NOTE: 
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Figure 3-6. Suggested Lifting Methods 
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3.6 CENTER OF GRAVITY (HORIZONTAL) CABINET MOUNT 

NOTE 

A mounting kit is shipped with each center of gravity 
mount MTS. Detailed instructions are included in the 
kit. Follow these instructions when mounting the MTS. 

WARNING 

The MTS weighs approximately 125 pounds (57 kg). 
Use appropriate mechanical aids and sufficient 
personnel when moving the unit to avoid personnel 
injury or equipment damage. A suggested lifting 
method is shown in Figure 3-6. 

Cabinet Dimension requirements and casting pivot locations and 
dimensions are shown in Figure 3-7. 

3.7 STORAGETEK STANDARD INTERFACE CABLING 

Inter face cab les are not supp 1.i ed wi th the MTS. For 
electromagnetic compatibility (EMC) purposes, shielded I/O cables 
are reconmended (Spectra-Strip 152-2831-060 or equivalent, plus 
Spectra-Strip 802-060 50-pin connectors). Two cables are 
required. The maximum cable length from the USER CPU to the last 
MTS in the string is 40 feet (12.19 meters). Refer to Figures 3-9 
and 3-10. Terminators are required on the IF card slot A3 (the 
kCB or CP card slot A2 if a 2925 is in use) of the last MTS in 
the string and must be removed from any other MTS units in the 
string. Refer to Figure 3-3 for the locations of the terminators 
on the IF card. Refer to Figure 3-8 for the locations of the 
terminators on the CB and CP cards when the 2925 is used. 
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NOTE: 
DIMENSIONS 
ARE IN 
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Figure 3-7. Center of Gravity Mounting Dimensions 
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ca CARD (STD STK 2925) CP CARD (INDUSTRY STD 2925) 

KEAO SWITCHES 

[!] ~ 
~SWITCHES 

§ E1 
KE92 KC47 KC37 

DK27 8H12 

TERM INA TORS TERMINATORS 

12136 A 

Figure 3-8. CB and CP Card Terminator and Address Switch 
Locations 

(2925 Only) 

3.8 INDUSTRY STANDARD INTERFACE CABLING 

Interface cables are not supplied with the MTS. Two 50-conductor 
twisted~pair cables are required, with card edge connector AMP 
88373-1 or equivalent and keying plug AMP 88113-1 or equivalent. 
For electromagnetic compatibility (EMC) purposes, shielded I/O 
cables are recommended (Spectra-Strip 152-2831-050 or equivalent, 
plus Spectra-Strip 802-050 50-pin connectors). 

The keys between tabs are located as follows: 

Connectors: JSA JSB J7A J7B 

Key Between Tabs: 5, 7 5, 7 11 , 13 11 , 13 

The maximum cable length from the USER CPU to the last MTS in the 
string is 40 feet (12.19 meters). Refer to Figure 3-11. 

Terminators are required only on the IF card of the last MTS in 
the string and must be removed from any other MTS units in the 
string. Refer to Figure 3-3 for the locations of the terminators. 
When the 2925 is in use, the terminators are located on the CB or 
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USER CPU 

MTS 0 WITH 
TERMINATORS 

CABLE PN 50039010 OR EQUIV ~LENT 

USER CPU 

MTS 0 

CABLE PN 403434301 OR EQUIVALENT 

MTS 1 WITH 
TERMINATORS 

ONE MTS UNIT 

TWO MTS UNITS 

Figure 3-9. Storagetek Standard Interface Cabling 
. Slock Diagram (Sheet 1 of 2) 
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USER CPU 

MTS 0 MTS 1 

CABLE PN 403434302 OR EQUtV ALENT 

USER CPU 

MTS 0 MTS 1 

CABLE PN 4-023434303 OR EQUIVALENT 

MTS 2 WITH 
TERMINATORS 

MTS 2 

THREE MTS UNITS 

FOUR MTS UNtTS 

MTS 3 WITH 
TERMINATORS 

Figure 3-9. Storagetek Standard Interface Cabling 
Slock Diagram (Sheet 2 of 2) 

12018 
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S?ECTRA~ STRIP 802- 060 

S?ECTRA- STRIP 455- 248- 60 

II Iii Iii Iii I I I 

~------~'U~------~'U~------~'U~----~~ 
C1 C2 C3 C4 C5 

C1 C2 C3 C4 CS 

PN CONNECTORS USED LENGTH BETWEEN CONNECTORS 

50039010 C1.CS 40 FT 12.19 METERS 

403434301 C1.C3.C5 20 FT 6.10 METERS 

403434302 C1.C2.C4.C5 "'" 13 FT "'" 3.96 METERS 

403434303 C1.C2.C3.C4.C5 10 FT 3.05 METERS 

12060 

Figure 3-10. Storagetek Standard Interface Cable Configuration 
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CP card. Refer to Figure 3-8 for the location of the CB/CP card 
terminators. 

NOTE 

For I/O cables exiting the cabinet, clamps 13M 3504-2 
or equivalent) should be mounted at the point of exit 
and adequate ground contact made to the cable shield. 

3.9 ADDRESS SELECTION 

The address of the MTS is selected by setting the appropriate DIP 
switches on the IF card. Refer to Figures 3-2 and 3-3. When 
using the 2925, the address switches located on the IF card must 
be on. The address of the MTS is selected by setting. the 
appropriate DIP switches on the CB or CP cards. (Refer to Figure 
3-12) 

3.9.1 Option Switches on the 292X IF and IFP Cards 

There are six (6) option switches on each of the various types of 
2920 IF cards (50 ips StorageTek, 100 ips StorageTek, 50 ips 
Industry Standard and the 100 ips Industry Standard Interface). 
These swi tches are conta i ned ina six -sw·; tch package and are 
-numbered from 1 to 6. The swi tches may be ON (CLOSED,· LEFT, LOGIC 
0, DISABLED) or they may be OFF (OPEN, RIGHT, LOGIC 1, ENABLED). 

In the tables that follow, the Machine Address is the MTS Address 
as presented on the interface to select a particular drive, The 
Horizontal/Vertical switch selects the autoload (vertical) or the 
manual assist load algorithm (horizontal); The default speed/gap 
selection switches select the speed/gap combination to which the 
drive will be set each time a tape is loaded. Any time after the 
tape is loaded an interface command or Diagnostic 4 may be used 
to change the speed/gap setting. In 50 ips only the nominal gap 
is used. In 100 ips streaming mode there are three selections: 
100/1 (nominal gap maximum); 100/2 (nominal + .3" gap maximum) 
and 100/3 (nominal + .6 11 gap maximum).In the Industry Standard 
100 ips Interface the HISP (High Speed Select) and the LGAP 
(Write Extended Gap) lines may be ignored. This is for the 
benefit of those couplers which have not implemented these lines 
or have used then for other purposes. The IF and IFP card switch 
definitions are shown in Table 3-2 thru Table 3-5. 
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Table 3-2. StorageTek Interface 50 ips IF Card Switch Definitions 

IMachine Address Selection: 

Address I 0 1 I 2 I 3 

Swi tch 1 ON OFF ON OFF 

Swi tch 2 ON ON OFF OFF 

Unused: 

Swi tch 3 is reserved. 
I 

Swi tch 4 is reserved. 

Sw; tch 5 is reserved. 

Vertical or Horizontal Load Selection 

Orientation Vertical Horizontal 

Swi tch 6 ON OFF 
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Table 3-3. StorageTek Interface 100 ips IF Card Switch Oefi"nitions 

Machine Address Select ibn: 

Address 0 1 2 3 

Swi tch 1 1 ON OFF ON OFF 

Swi tch 21 ON ON OFF OFF 

Speed/ 50 100/ 100/ 100/ 
Gap 1 2 3 

Swi tch 3 ON OFF ON OFF 

Swi tch 4 ON ON OFF OFF 

Swi tch 5 is reserved. 

Vertical or Horizontal Load Selection 

Orientation Vertical Horizontal 
.. _._--_ ........ 

Swi tch 6 ON OFF 

t These two switches always ON 
when 2925 is being used. 
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Table 3-4. Industry _Interface 50 ips IFP Card Switch Definitions 

IMachine Address Selection: 

-Drive Address a -I 1 I 2 I 3 

Switch 1 ON OFF ON OFF 

Swi tch 2 ON ON OFF OFF 

Formatter Address a 1 

Swi tch 3 ON OFF 
I 

I I , 
Unused 

Swi tch 4 ;s reserved. 

Swi tch 5 is reserved. 

Vertical or Horizontal Load Selection 

Orientation Vertical Horizontal 

Swi tch 6 ON OFF 

95521 3-21 



Table 3-5. Industry Interface 100 ips IFP Card Switch Definitions 

Machine Address Se.lection: 

Drive'Address 0 1 2 3 

Swi tch 1 ON OFF ON OFF 

Swi tch 2 ON ON OFF OFF 

Formatter Address 0 1 

Swi tch 3 ON OFF 

HISP'/LGAP2 Status Obey Ignore 

Swi tch "4 ON OFF 

Speed/Gap 50 100/3 

Swi tch 5 ON OFF 

Ver t iea 1 or Horizontal Load Se lect ion 

Orientation Vertical Horizontal 

Swi tch 6 ON OFF 

1 HIgh Speed Select 
2 Write Extended Gap 

3.9.2 Option Switches on the 2925 CB and CP Cards 

There are ten option switches on each of the various types of 
2925 CB or CP cards. These switches are contained in a ten-switch 
package and are numbered from 1 to 10. The switches may be ON 
(CLosed, Left, Logic 0, Disabled) or they may be OFF (Open, 
Right, Logic 1, Enabled). 

The CB CP card switch definitions are shown in Table 3-6, Table 
3-7 and Figure 3-12. 

3.9.2.1 LOCATION KEAO(CB) OR KC39(CP) 

The ten switches located at KEAO(CB) or KC39(CP) are defined in 
this paragraph. Use the definitions in conjunction with Figure 
3-12 and table 3-6. 
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3.9.2.1.1 Switches 1, 2 and 7 at KEAO(CB) or KC39(CP) 

These three switches determine the data rate for the 2925 using 
the Industry Standard Interface. 

The switches are defined as follows: 

• Switch = Data Rate 0 

• Switch 2 = Data Rate 

• Switch 7 = Data Rate 2 

When set in the following configurations, the data rates are 
shown: 

Rate 2 Rate 1 Rate 0 Resulting Data Rate -0-- -0-- -0-- 1000 Kb/s --
0 0 1 833 Kb/s 
0 1 0 714 !<b/s 
0 1 1 625 Kb/s 
1 0 0 500 Kb/s 
1 0 1 313 Kb/s 
1 1 0 200 Kb/s 

. 1 1 1 76 Kb/s 

NOTE 

These switches are spares· when using a StorageTek 
Interface. 

3.902.1.2 Switches 3 and 4 at Location KEAO(CB) or KC39(CP) 

These two switches set the interface ramp as follows: 

NTF RAMP i 
NTF RAMP 0 

RAMP 1 
o 
o 
1 
1 

RAMP 0 

Interface Ramp bit 1, IND sro 
Interface Ramp bit 0, IND STD 

o Interface Ramp = lms to 2ms 
1 Interface Ramp = 4ms to 6ms 
o Interface Ramp = 8ms to 12ms 
1 Interface Ramp = 12 ms to l8ms 

The interface 
time the first 
Host. 

ramp refers to the time from busy falling to the 
strobe (FROST or FWDST for IND STD) is sent to the 

309.2.1.3 Switches 5 and 6 at Location KEAO(CB) or KC39(CP) 

Switches 5 and 6 define the maximum block size as shown: 

AX BlK SIZE Maximum Block Size bit 1 
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AX BlK SIZE 0 Maximum Block Size bit 0 
SIZE 1 SIZE 0 

o 0 Maximum Block Size = 8K 
o 1 -Ma x i mum Block Size = 16 K 
1 0 Maximum Block Size = 24K 
1 1 Maximum Block Size = 32K 

The maximum block size is used for reading ahead and for 
accepting the next buffered write. If there is not the Maximum 
Block Size left as free space in the buffer, the microprocessor 
quits reading ahead or on a write holds off ending status to the 
Host until there is enough room. 

3.9.2.1.4 Switch 8 at Location KEAO(CS) or KC39(CP) 

Switch 8 defines the GCR Write Correction as follows: 

o GCR ONE TRACK No GCR One Track; When enabled, the subsystem 
will retry single track GCR write errors. When 
disabled, the subsystem will not retry single 
track GCR write errors. 

3.9.2.1.5 Switches 9 and 10 at location KEAO(CB) or KC39(CP) 

Switches 9 and 10 define the Cache Address as follows: 

CACHE ADDRESS 1 
CACHE ADDRESS 0 

ADDR 1 ADDR 0 
0 0 Cache Address = 0 
0 1 Cache Address = 1 
1 0 Cache Address = 2 
1 , Cache Address = 3 
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Table 3-6. CB(S1K) KEAO and CP (IND 510) KC39 Definitions 

IMaChine Address Selection 

Address a 1 2 3 

Sw; tch 10 ON ON OFF OFF 

Swi tch 9 ON OFF ON OFF 

Switch 8 ON = no correction during GCR WRT 
OFF = correct 1 track GCR WRT 

,.. • .L ... . . - r - -
I~wlrch I see aeSCrlO[10n Tor 

- - - - - - - -. - - --- - -- ;: - i -, --.- . L ~nri 7 

(INO STO only) 

Max Block Size in Buffer 

Size 8K 16K 24K 32K 

Swi tch 6 ON ON OFF OFF 

Swi tch 5 ON OFF ON OFF 

IND STO Data Rate (IND STD only) 

RATE(Kb/s) 1 meg 833 714 6254 500 3.12 200 75 

'Swi tch 7 . ON ON ON ON OFF OFF OFF - OFF 

Sw; tch 2 ON· ON OFF OFF ON ON OFF OFF 

Swi tch 1 ON OFF ON OFF ON OFF ON OFF 

3.9.2.2 LOCATION KE92(CB) OR KC47(CP) 

The ten switches located at KE92(CB) or KC47(CP) are defined in 
the following paragraphs. Use the definitions in conjunction with 
Figure 3-12 and Table 3-7. 

3.9a2.2.1 Switches 1 and 2 at Location KE92(CB) or KC47(CP) 

These two switches define the Write Retry Count as follows: 

WR RETRY CNT1 
WR RETRY CNTO 

CNT1 
a 
o 

95521 

CNTO 
a 
1 

Write Retry Count Bit 1 
Write Retry Count Bit 0 

Write Retry Count = 5 
Write Retry Count = 5 
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3.9.2.2.2 Switches 

These two switches 

RD RETRY CNTl 
RD RETRY CNTO 

o 
1 

3 and 4 at 

define the 

CNT1 CNTO 
0 0 
0 1 
1 a 
1 1 

Write Retry Count = 10 
Write Retry Count = 15 

location KE92(GB) or KC47(CP) 

Read Retry Count as follows: 

Read Retry Count Bit 1 
Read Retry Count Bit 0 

Read Retry Count = 0 
Read Retry Count = 5 
Read Retry Count = 10 
Read Retry Count = 15 

3.9.2.2.3 Switch 5 at Location KE92(CB) or KC47(CP) 

This switch is the Tape MarK Sync. When en~bled, the buffer is 
synchronized after two Tape MarKs in a row are read from tape or 
written from Host. when disabled, the buffer is synchronized 
after one Tape Mark is read from tape or written from Host. 

3.9.2.2.4 Switch 6 at Location KE92(CB) or KC47(CP) 

This switch is the Early EDT switch. When enabled, the subsystem 
will allow only one write record in the buffer at a time when the 
Early EDT indication is valid. Also, dummy status is not 
presented to the Host, i.e., the record just received from the 
Host will be written to tape and errors checKed before status is 
presented for that record. 

When disabled, the subsystem will allow at most 4 write records 
in the buffer when the Early EDT indication is valid. If there 
are more than 4 records in the Buffer when Early EDT is 
indicateed, the cache processor reduces the number of records in 
the Buffer to 4 or less. 

Once the actual EDT status is sent from the Tape Drive, the 
subsystem will behave as if the switch is enabled (i .e., as 
described in the previous paragraph). 

NOTE 

Switch 7 at location KE92 or KC47 is a spare. 

3.9.2.2.5 Switch 8 at Location KE92(CB) or KC47(CP) 

Switch 8 is the Long Record Mode switch. When enabled, the 
subsystem defaults to Long Record Mode at power up and front 
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panel reset. When disabled, the subsystem defaults to Buffered 
mode at power up and front panel reset. 

3.9.2.2.6 Switch 9 at Location KE92(CBj or KC47(CPj 

Switch 9 is the Formatter Address switch and is defined as 
follows: 

FORMATTER ADDRESS 
ADDRESS 

o 
1 

Formatter address = 0 
Formatter address = 1 

NOTE 

Switch 9 is a spare when a StorageTek Interface is in 
use. 

Switch 10 is a spare with both interfaces. 
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Table 3-7. CB (STK) KE92 and CP (IND STD) KC47 Definitions 

Unused: 

Switch 10 is reserved 

Industry Standard formatter address 

Address 0 1 

Swi tch 9 ON OFF 

Long Record Mode 

Mode Buffered Sync (Long Record Mode) 

Sw; tch 8 ON OFF 

Swi tch 7 is reserved 

Early EOT: 
Swi tch 6 ON = early EaT 4 records in buffer 

OFF = one record in buffer 

Tape Mark Sync: 
Switch 5 ON = sync buffer after 1 tape mark 

OFF = sync buffer after 2 tape marks 

Number of Read Retries: 

Retries 0 5 10 15 

Swi tch 4 ON ON OFF OFF 

Swi tch 3 ON OFF ON OFF 

Number of Write Retries 

Retries 0 5 10 15 

Swi tch 2 ON ON OFF OFF 

Swi tch 1 ON OFF ON . OFF 

3.10 RESHIPPING 

If the MTS requires reshipping, Field Bill 68390 supplies the 
necessary parts and Field Instruction 68369 contains detailed 
instructions to ensure that the MTS is shipped without damage. 
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FOR MODELS 
2921 & 2922 
ONL¥ 

f 
FOR MODEL 
2925 ONLY 

\ 

""" TO HOST 

""" """ ........... 

DAISY CHAIN 
TO NEXT MTS 

12059 

Figure 3-11. Indu~try Standard Interface Cabling (Sheet 1 of 3) 
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MTS 0 WITH 
TERM INA TORS 

USER CPU 

MTS a 

F ; gu rFa 3 - 11 . 

3-30 

MTS 1 WITH 
TERMINATORS 

ONE MTS UNIi 

TWO MTS UNITS 

12058 

Industry Standard Interface Cabling Slock Diagram 
(Sheet 2 of 3) 
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MTS 0 

USER CPU 

Mrs a 

Figure 3-11. 
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MTS 1 

MTS 1 

Mrs 2 WITH 
TERM INATORS 

MTS 2 

FOUR MTS UNITS 

MTS 3 WITH 
TERM INATORS 

12057 

Industry Standard Interface Cabling Block Diagram 
(Sheet 3 of 3) 
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SW. NO. 

10 

9 

a 

7 

6 

5 

4 

3 

2 

3-32 

LOCATION KEAO (STK CS) 
LOCATION KC37 (INO STO CP) 

DEVICE ADDRESS 1 
(SEE TABLE 3-6) 

DEVICE ADDRESS 0 . 
(SEE TABLE 3- 6) 

0 

I 
1 TFIK GCR \VRT. CORR. 

NOCORRECTION I CORRECT SINGLE 
CURING GCR I TRK GCR WRITE 

WRITE I 

SPARE (STK) 
DATA RATE 2 CINO STO) 

MAX BLOCK SIZE 1 
(SEE TABLE 3-6) 

MAX SLOCK SIZE 0 
(SEE TABLE 3-6) 

INC STO IfF RAMP 1 
(NI A FOR STK) 

INC STO I/F RAMP 0 
(NI A FOR STK) 

SPARE (STK) 
CATA RATE 1 (INC STD) 

SPARE (STK) 
DATA RATE 0 (IND STO) 

ON OFF 

SW. NO. 

10 

9 

a 

7 

6 

5 

4 

3 

2 

LOCATION KE92 (STK CS) 
LOCATION KC47 (INC STC CP) 

SPARE 

SPARE (STK) 
FORMATTER ADDRESS 

CINO STC) 

I 
LONG RECORD MODE 

I 

BUFFERED I SYNCHRONOUS 
I 
I 
I 

I 
I 

SPtRE 

I 
I 

EARLY EOT 
I 

FOR RECORDS IN I ONE RECORD IN 
BUFFER R/W I BUFFER R/W , 

TAPE MARK SYNC 
I 

SYNC BUFFER I SYNC BUFFER 
AFTER 1 TM. R/W I AFTER 2 TM. R/W 

I 

READ RETRY 1 
(SEE TABLE 3-7) 

READ RETRY a 
(SEE TABLE 3-7) 

WRITE RETRY 1 
(SEE TABLE 3-7) 

WRITE RETRY 0 
(SEE TABLE 3-7) 

ON OFF 

Figure 3-12. CB and CP Card Switch Definitions 
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CHAPTER 4 

STORAGE TECHNOLOGY STANDARD INTERFACE 

4. 1 INTRODUCTION 

This chapter provides a description of the MTS-user interface 
circuits, defines the MTS-user interface signals, and describes 
the user commands to the MTS for the Storage Technology Standard 
Interface. 

The MTS and user interface connections are shown in laOles 4-1 
and 4-2. The MTS and user interface circuits are shown in Figure 
4-1. The maximum allowable cable length from the user system to 
the last MTS in a chain is 40 feet (12.19 meters). Refer to 
Figures 4-2 and 4-3 for cabling and cables. 

The interface signal levels are·: 

Unasserted (Reset) = +3.4 (±0.3) Vdc = nonselected line 
Asserted (Set) = 0 «0.7) Vdc = selected line 

The interface resistive termination for each signal is 390 ohms 
to ground and 180 ohms to +5 Vdc. The termination for each signal 
line' is provided in the MTS or required of the user interface or 
both. The termination includes a ground wire, connected in both 
the MTS and the user interfaces. Only the last MTS in a chain 
contains terminators. 

4.2 STORAGETEK STANDARD INTERFACE INPUT SIGNAL DEFINITIONS 

The input line definitions given in this section are for 
functional mode only. The timing specifications given refer to 
measurements made at the Standard Interface connector. 

4.2.1 MTS Address (ADO, AD1) 

The two MTS Address lines are decoded to select one of the four 
possible MTSs, as shown in Table 4-3. 

If the MTS is not busy (the BUSY line is not asserted), the 
Address lines may be changed at will to select a different MTS 
and thus view a different set of MTS status lines. The delay time 
between the selection of a new MTS and stabilization of the MTS 
status lines is 150 nanoseconds maximum. 

For comnand operations, the MTS Address lines must be stable 90 
nanoseconds prior to the assertion of START, remain stable until 
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OUTPUT LINES (MTS TO USER) 

MTS 

I 

-0 
INPUT UNES (USER TO MTS) 

+5 

MTS 

BI-DIRECTIONAL DATA L.INES (MTS - USER) 

r -- ---, 
I I 
I 

10 MTS, 

1 L _____ -i 

(2) = 7418 OR EQUIVALENT 

® = DM8837 OR EQUIVALENT 

CD = DM8838 OR EOUIVALENT 

SIGNAL 

;. ~ - 390Q GROUND M 
o I 

SIGNAL 

GROUND I,.~_~ 
I~ 

+5 r- - - - ---, 
I I 
I I 

I 
I 

SIGNAL 4-+-....... --+-.......-~---rlC 

Figure 4-1. MTS-User Interface Circuits 

USER 

USER 

12018 
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Table 4-1. Input Lines for the Storage Technology Standard 
Interface 

DESCRIPTION 

MTS Address 0 
MTS Address 1 

Command Select 0 
ICommand ~elect 1 .."J .... - . 
Command Select 2 
Command Select 3 

Density Select 0 
Initiate Conmand 
Terminate Command 
Transfer AcKnowledge 

Bi-Directional Data 
Bi-Directional Data 
Bi-Directional Data 
Bi-Directional Data 
Bi-Directional Data 
Bi-Directional Data 
Bi-Directional Data 
Bi-Directional Data 
Bi-Directional Data 

System Reset 
Select Multiplex 1 
Select Multiplex 0 
Density Select 1 
Select Multiplex 2 

95521 

P 
0 
1 
2 
3 
4 
5 
6 
7 

~_M_ .. T_. S_C_Q_N._NE_C_-T_O_R_~I I 
TERMINATION/ 
RESISTANCE 

LOCATION 
SIGNAL GROUND 

MNEMONIC NO. PIN PIN 

ADO 
ADl 

CMDO 
I CMn1 .- . 

CMD2 
CMD3 

DSO 
START 
STOP 
TRAK 

DATA-P 
DATA-Q 
DATA-l 
DATA.-2 
DATA-3 
DATA-4 
DATA-5 
DATA-6 
DATA-7 

RESET 
SlX1 
SLXO 
DSl 
SLX2 

..17 AOl 

..17 A02 

..17 A03 
I 17 I A04 \", ~ 

..17 A05 

..17 A06 

..17 A07 

..17 A08 
;,]7 A09 
..17 Al0 

..17 All 

..17 A12 

..17 A13 

..17 A14 
J7 A15 
J7 A16 
J7 A17 
J7 A18 
J7 A19 

J7 A20 
J7 A21 
J7 A22 
J7 A23 
..17 A24 

801 
802 

803 
eOA U *t 

B05 
806 

807 
808 
809 
810 

811 
812 
813 
814 
815 
816 
817 
B18 
819 

B20 
821 
822 
823 
B24 

MTS 
MTS 

MrS 
ViTt"" III ~ 

Mrs 
MrS 

MrS 
Mrs 
MrS 
MTS 

Both 
80th 
80th 
80th 
80th 
Both 
Both 
Both 
Both 

Mrs 
MTS 
MTS 
Mrs 
MTS 
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Table 4-2. Output lines for the Storage Technology Standard 
Interface 

MTS CONNECTOR 

TERMINATION 
SIGNAL GROUND RESISTANCE 

DESCRIPTION MNE.MONIC NO. PIN PIN LOCATION 

Slave Status Change sse J7 A25 B25 . User 
Oscillator OSC J7 A26 B26 User 
End of Tape Status EOTS J7 A27 B27 0 User 
Begin. of Tape Status BOTS J7 A28 B28 User 
File ~rotect Status FPTS J7 A29 B29 User 
Rewinding Status REWS J7 A30 B30 User 

Error Multiplex P ERRMX-P J6 Al Bl User 
Error Multiplex 0 ERRMX-O J6 A2 B2 User 
Error Multiplex 1 ERRMX-l J6 A3 B3 User 
Error Multiplex 2 ERRMX-2 J6 A4 B4 User 
Error Multiplex 3 ERRMX-3 J6 AS B5 User 
Error Multiplex 4 ERRMX-4 J6 A6 B6 User 
Error Multiplex 5 ERRMX-5 J6 A7 87 User 
Error Multiplex 6 ERRMX-6 J6 A8 B8 User 
Error Multiplex 7 ERRMX-7 J6 A9 B9 User 

Busy BUSY J6 Ala Bl0 User 
Transfer Request TREQ J6 All B 11 User 
Expecting Data RECV J6 A12 ' B 12 User 
Identification Burst 10 BRST J6 A13 813 User 
Operation Incomplete OP INC J6 A14 814 User 

End of Data Pulse ENOATP J6 A15 815 User 
Tape MarK Status TMS J6 A16 816 User 
Conmand Reject REJECT J6 A17 B17 User 
Overrun Status OVRNS J6 A18 818 User 
Data ChecK DATA CHK J6 A19 B19 User 

, 

EPROM Error ROMPS J6 A20 820 User 
Corrected Error CRERR J6 A21 821 User 
Block Sensed BLOCK J6 A22 B22 User 
Reserved J6 A23 823 User 
Data Bus Parity Error BUPER J6 A24 B24 User 

Online Status ONLS J6 A25 825 User 
High Density Status HDNS J6 A26 826 User 
Ready Status RDYS J6 A27 827 User 
Write Status WRTS J6 A28 828 User 
Reserved J6 A29 829 
Reserved J6 A30 B30 
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USER 
INTERFACE 

MTS a WITH 
TERM INA TORS 
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INTERFACE 

MTS 0 MTS 1 WITH 
TERMINATORS 

ONE MTS UNIT 

TWO MTS UNITS 

Figure 4-2~ MTS Interface Cabling (Sheet 1 of 2) 
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USER 
INTERFACE 

MTS 0 

USER 
INTERFACE 

MTS 0 

MTS 1 

MTS 1 

MTS 2 WITH 
TERMINATORS 

MTS 2 

THREE MiS UNITS 

FOUR MTS UNITS 

MTS 3 WlTH 
TERMINATORS 

Figure 4-2. MTS Interface Cabling (Sheet 2 of 2) 
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C1 

IT 
C1 

C2 C3 

C2 C3 

<D SPECTRA- STRIP 455- 248- 60 OR EQUIVALENT 

<D SPECTRA-STRIP 802-060 OR EQUIVALENT 

CABLE 
SiorageTek PN CONNECTORS USED LENGTH BETWEEN CONNECTORS 

50039010 C1.C5 20 FT (NOT SHIELDED) 

403434301 Cl.C3.C5 20 FT 6.10 METERS 

403434302 C1.C2.C4.C5 -"13 FT • 3.96 METERS 

403434303 C1.C2.C3.C4.C5 10 FT 3.05 METERS 

4038127-01 Cl.C5 10 FT 3.05 METERS 

C4 

C4 

Figure 4-3. MTS Interface Cab1es 

CS 

cs 

12139 A 
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Table 4-3. MTS Address Line Decode 

MTS ADDRESS LINES SELECTED 
MTS 

AD1 ADO 

0 0 0 
0 1 1 
1 0 2 
1 1 3 -

the selected MTS responds by asserting BUSY, and must not change 
while BUSY is asserted. 

4.2.2 Initiate Command (START) 

The assertion of the Initiate Command line causes the user 
Command Select and Density Select lines to be captured and the 
command operation to begin. START must remain asserted until the 
MTS responds by asserting BUSY, af.ter which time START may be 
reset. START may be asserted to initiate a command whenever BUSY 
is not asserted. START assertions while BUSY is asserted have no 
effect. . START mus t be unasser ted before the MTS Address 1 i nes 
change. 

4.2.3 Command Select (CMDO, CMD1, CMD2, CMD3) 

The four Conmand Select lines are decoded in. the MTS and causes 
one of 16 command operations. These lines must be stabfe 90 
nanoseconds prior to the assertion of START and must remain 
stable until the MTS responds by asserting BUSY. Command Select 
decoding is shown in Table 4-4. The detail descriptions and 
timing of each command operation are specified in Section 4.3. 
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CMDO 

o 
o 
o 
o 

o 
o 
o 
o 
1 
1 
1 
1 

1 
1 
1 
1 

CMD1 
f'\ 
U 

o 
o 
o 

o 
o 
o 
o 

Table 4-4. Conmand Select Decode 

CMD2 

o 
o 
1 
1 

o 
o 
1 
1 

o 
o 
1 
1 

o 
o 
1 
1 

CMD3 

o 
1 
o 
1 

o 
1 
o 
1 

o 
1 
o 
1 

o 
1 
o 
1 

MNEMONIC DESCRIPTION 

NOP No-Operation 
CLR Drive Clear 
OMS Diagnostic Mode Set 
SNS Sense Drive Status 

RDF Read Forward a Block 
ROB Read Backward a Block 
WRT Write a Data Block 
LWR 

BSF 
BSB 
FSF 
FSB 

WTM 
ERG 
REW 
RUN 

Loop Write-ta-Read 

Backspace a File 
Backspace a Block 
Forward Space a File 
Forward Space a Block 

Write Tape Mark 
.Erase Gap 
Rewind Tape to BOT 
Rewind and Unload Tape 

4.2.4 Densi-ty Select (OSO, DS 1 ) 

A switch on the MTS operator panel is used to select 1600 bpi 
(PE), 6250 bpi (GCR), or System Select recording density. When 
1600 or 6250 bpi is selected and the tape is positioned at BOT, 
the MTS generates tapes written in the selected density. When 
System Select is selected and the tape is positioned at BOT, the 
MTS generates tapes written in the density selected by the 
Density Seiect iines. The Density Select lines must be stable 90 
nanoseconds prior to the assertion of START and remain stable 
until the MTS responds by asserting BUSY. The decode of the 
Density Select lines is shown in Table 4-5. 

Table 4-5. Density Select line Decode 

DENSITY SELECT LINES SELECTED 
DENSITY 

DS1 DSO 

0 0 1600 ( PE) 
0 1 6250 (GCR) 
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The MTS recording density can be altered only at the time a write 
command is issued and tape is positioned at BOT. At all other 
times the MTS reads and writes in the density indicated by the 10 
burst of the tape in use. 

4.2.5 Transfer Acknowledge (TRAK) 

The assertion of the Transfer Acknowledge line by the user is in 
response to the assertion of Transfer Request by the MTS. The 
assertion of TREQ by the MTS on a WRT operation indi~ates that 
the MTS is requesting data character transfer on the 
Bi-Directional Data bus and the responding assertion of TRAK (or 
STOP) by the user indicates that the Bi-Directional Data bus 
contains the valid data character to be accepted. . 

The assertion of TREQ by the MTS on a RDF or ROB operation 
indicates that a data character is valid on the Bi-Directional 
Data bus and the responding assertion of TRAK (or STOP) by the 
user indicates that the data character has been transferred. The 
signal protocol for TREQ and TRAK is similar for either a write 
or a read operation. For example, once TREQ is asserted, it 
remainsas-serted until- TRAK or STOP is as"serted. TRAK must remain 

'asse!ted until TREQ is reset, at which time TRAK must be reset. 

4.2.6 Terminate Command '(STOP) 

The Terminate Command line is asserted by the user in response to 
TREQ or BLOCK to indicate one of the following situations: 

1. During a WRT or LWR command in response to TREQ, that the 
last data character to be written in the data block has been 
placed on the Bi-Directional Data bus. 

2. On an RDF or ROB command in response to TREQ, that the MTS is 
to terminate the transfer of data characters on the 
Bi-Directional Data bus. 

3. On a BSB or FSB operation in response to BLOCK, that the MTS 
is to terminate spacing over blocks. 

For the first two situations, STOP replaces TRAK as the user 
response to TREQ. In response to STOP, the MTS terminates the 
command in progress and reset BUSY, but only after the MTS has 
completed the necessary tape formatting, deformatting, and 
positioning according to the nature of the command in progress. 
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4.2.7 System Reset (RESET) 

The assertion of System Reset by the user causes the MTS to 
immediately terminate any command in progress. BUSY is then 
asserted until completion of the reset procedure. No command is 
accepted while BUSY is asserted. Between the assertion of RESET 
and the clearing of BUSY, error status output lines are reset. 
The density selected remains unchanged. 

Our i ng termi na t ion, the MTS di scant i nues forma t t i ng "and 
deformatting, and causes tape motion to halt without regard to 
IBG positioning. (Note: Partially written or erased blocks during 
write commands may occur when a RESET is given.) If the system is 
in·diagnostic mode, it will be set to functional mode. 

The RESET pulse from the user interface must be 1 microsecond 
minimum. 

4.2.8 Select Multiplex (SLXO, SLX 1, SLX2) 

The three Select Multiplex lines are decoded in the MTS and 
determine which of four 9-bit registers is multiplexed to the 
Error Multiplex (ERRMX) output lines. The ERRMX lines are valid 
only as a part of the ending status (i.e., after BUSY has been 
reset). The delay time between the selection of 'a Select 
Multiplex ~ode and the stabilization of the selected MUX byte is 
150 nanoseconds maximum. Table 4-6 shows the Select Multiplex 
decode. 

Table 4-6. Select Multiplex Decode 

MUX 
SLX2 SLX1 SLXO BYTE DESCRIPTION 

0 0 0 0 Dead Tracks 
0 0 1 1 Read/Write Errors 
0 1 0 2 Diagnostic Aids 
0 1 1 3 Drive Sense Byte 

4.2.9 Bi-:-Directional Data (DATA 0-7,P) 

The nine Bi-Directional Data lines are used to transfer the data 
characters between the interfaces in conjunction with the TRAK 
(or STOP) responses to TREQ. When a line is asserted, a ONE bit 
is transferred between the interfaces.· When a line is reset, a 
ZERO bit is transferred. Odd parity must be maintained on these 
1 i .,es for all func tiona 1 mode da tat r ans fer oper a t ions. Da tab; t 
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7 is the least significant bit; data bit 0 is the most 
significant. 

The Data lines must be stable 90 nanoseconds prior to the 
assertion of TRAK (or STOP) during a write operation, or the" 
assertion of TREQ during a read operation. 

4.3 STORAGETEK STANDARD INTERFACE OUTPUT SIGNAL DEFINITIONS 

The output line definitions given in this section are for 
functional mode only. 

4.3.1 Transf~r Request (TREQ) 

The Transfer Request (TREQ) line is asserted by the MTS to 
request data character transfer on the Bi-Directional Data bus. 

4.3.2 Expecting Data (RECV) 

The Expecting Data line is asserted by the MTS to indicate that 
the Bi-Directional Data bus is under control of the user 
interface and that the MTS will receive "data character transfers. 
This line is asserted on WRT or LWR command operations only. It 
remains asserted until a new command is initiated. 

4.3.3 Block Sensed (BLOCK) 

The Block Sensed line is asserted by the MTS to indicate that a 
data block or a tape mark block has been detected. This line is 
asserted during BSB and FSB commands or during any read-type 
command detecting a tape mark block. BLOCK is a pulse of 250 
nanoseconds nominal duration for Models 2922 and 2925, and 400 
nanoseconds nominal duration for the Model 2921. 

4.3.4 Oscillator (OSC) 

The Oscillator line is derived from the internal MTS crystal 
oscillator. The frequency is 2.5 MHz (400 nanosecond period). The 
frequency is stable within 0.01% and the half-cycle periods are 
symmetrical within 5%. 

4.3.5 End of Data Pulse (ENDA TP) 

The End of Data Pulse line is" asserted by the MTS to indicate 
that the last data character has been read from tape and 
transferr~ to the user. ENDATP is asserted on read command 
operations (RDF or ROB) only. The ENDATP pulse is 800 
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nanoseconds in duration. 

4.3.6 Busy (BUSY) 

The Busy line is asserted by the MTS following the acceptance of 
the command initiated by START. This line remains asserted until 
completion of the command operation or until conditions arise 
which cause a REJECT. A command operation may be initiated only 
when BUSY is reset. 

4.3.7 Identification Burst (10 BRST) 

The Identification Burst line is asserted by the MTS·to indicate 
that an identification burst procedure is being performed by the 
MTS. It is asserted on read or write commands from BOT. 10 BRST 
is asserted only while the identification burst procedure is 
being performed. 

On a read command, the procedure includes the determination of 
the format (PE or GCR) of the burst. 

If the 10 burst procedure is performed satisfa~torily, the MTS 
proceeds with the command initiated. If the procedure is not 
performed satisfactorily, REJECT and a reject code (Section 
4.3.15) is. asserted .. 10 BRST remains asserted. IO·BRST is also 
asserted if a backward operation is initiated with tape 
positioned off BOT and tape reaches either BOT or an ARA 10 burst 
before the end of the operation. (Under this condition, DATA CHK 
is a 1 so set.) 

4.3.8 Tape Mark Status (TMS) 

The Tape Mark Status line is asserted by the MTS to indicate that 
a tape mark block has been detected. This line is asserted 
following a write tape mark command and following any read or 
space command when a tape mark block is detected. TMS is reset by 
the next command issued unless that command is a CLR, SNS, o~ 
NOP. 

4.3.9 Command Reject (REJECT) 

The Command Reject line is asserted by the MTS whenever 
conditions within the MTS are inappropriate to the command 
operation. The conditions which cause REJECT are given in 
Section 4.3.15 under the Error Multiplex bus definitions. After 
the assertion of REJECT and the. reset of BUSY, reject codes for 
the conditions causing the reject are the octal contents of the 
diagnostic aids register, addressable on the Error Multiplex bus 
as MUX Byte 2. 
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Read or write commands given after 
in mispositioning and/or creation 
tape. 

4.3.10 Operation Incomplete (OP INC) 

. 
REJECT i~ received may result 
of an unreadable portion of 

The Operation Incomplete line is asserted- by the MTS in 
conjunction with a reject code in MUX Byte 2 (Section 4.3.15). 
OP INC indicates that the given command was initiated but was not 
completed. REJECT includes those commands that were not able to 
be initiated as well as those not completed. 

4.3.11 Overrun Status (OVRNS) 

During a write operation, the Overrun Status line is asserted by . 
the MTS when the MTS is not supplied data characters by the user 
as fast as the MTS requires them. This can occur when previous 
TREQ/TRAK responses are not within the timing requirements, or 
when STOP is not asserted. The data block written is then 
incorrectly encoded. If OVRNS is asserted, DATA CHK is also 
asserted following the read validity checking. 

During· a read operation, OVRNS .is asserted by the MTS . when data 
characters have -backed up in and overflowed the MTS due to the 
user not accepting data at a high enough rate. 

4.3.12 EPROM Error (ROMPS) 

The EPROM Error line is asserted by the MTS to indicate that an 
error in the microprogram code was detected after a diagnostic 
check sum was performed. 

4.3.13 Slave Status Change (SSC) 

The Slave Status Change line is asserted by the MTS to indicate 
that it has gone online, gone offline, or gone from not ready to 
ready. The MTS asserts SSC if a rewind is issued when tape is 
positioned at BOT. The MTS resets SSC after accepting any 
command, other than a NOP or SNS. 

4.3. 14 Data Check (DATA CHK) 

The Data Check line is asserted by the MTS to indicate that one 
or more of the error conditions of Table 4-7 has occurred. 
References to more detailed descriptions of each error are 
included in the table. 
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Table 4-7. Error Conditions Setting DATA CHK 

ERROR CONDITION REFERENCE SECTION 

eRe Error 4.2.15.2, item j 

Write Tape Mark Check 4.2.15.2, . item 2 
Uncorrectable Error 4.2.15.2, item 3 
Partial Record 4.2.15.2, item 4 

Multiple Track Error 4.2.15.2, item 5 
End of Data ChecK 4.2.15.2, item 6 
Velocity Error 4.2.15.2, item 7 n •• ___ •• _ 

/I '" .... 
UVel"I"UII I "'t.~. I I 

BOT Reached Note 1 
PE Postamble Error Note 2 
Single iracK Error Note 3 

This error indicates that a backward command was initiated 
with tape positioned off BOT and BOT was reached before 
the command was completed. 10 BRST and BaTS are also set. 

2 During PE r'ead or write operations, the postamble was not 
detected to be the correct length. 

. . 
3 Dur-ing a PE write operation, an error detected in any tracK 

sets DA"TA CHK. 

4.3.15 Error Multiplex (ERRMX 0-7,P) 

The nine Error Multiplex lines are asserted by the MTS to allow 
transfer of additional error and reject status information. The 
lines are valid only as a part of the ending status of the most 
recently completed command (for example, after BUSY is reset). 
One of four registers is multiplexed to the ERRMX bus, as 
selected by SLXO, SLX1, and SLX2. Table 4-8 gives the ERRMX 
decode for functional mode operation. 

4.3.15.1 MUX BYTE 0 

ERRMX bits P through 0 are asserted upon detecting a dead track 
during a read or a write operation. A dead track is caused by the 
inability to detect correct data on a specific track on tape. 
These bits are reset at the start of each new command. 
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Table 4-8. Decode of Error Multiplex Bus for 
Functional Mode Operation 

MUX ERROR MULTIPLEX BIT 
BYTE P 7 6 5 4 3 2 1 0 DESCRIPTION 

0 DTP DT7 OT6 DT5 OT4 OT3 OT2 OTl DTO Dead Track 

CRC WTM PART NOT END VEL OIAG 
1 ERR CHK UCE REC MTE USED DATA ERR MODE Read/Write 

CHK LTCH Errors 

2 TACH OA7 OA6 DA5 OA4 OA3 DA2 DAl DAD Diag,!ostic 
Aid Bits 

NOT 
3 WRTS EOTS BOTS USED FPTS BWOS HDNS RDYS ONLS Status 

4.3.15.2 MUX BYTE 1 

The following bits of MUX Byte 1 are asserted when the conditions 
defining the bit occur: 

1. Cyclic Redundancy Character Error (CRC'ERR) 

The internal checks of data character CRC registers indicate 
a loss of data integrity on 'tape. This error can occur during 
read or write operations in GCR, or during write operations 
in PE. DATA CHK is also asserted. 

This error is also asserted if the CRC character ~ssociated, 
with the buffer memory is found to be in error. 

2. Write Tape Mark Check (WTM CHK) 

The MTS is unable to write a tape mark correctly. DATA CHK 
and REJECT may also be asserted (refer to Table 4-9). 
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Table 4-9. Status Lines Asserted With WTM CHK 

ASSERTED LINES 

WTM CHK I I DATA CHK REJECT COMMENTS 

The tape marK written does not 
X X meet ANSI specifications but is 

readable as aTM. 

The tape marK written is probably 
not readable as aTM. Noise may 

v v - , _ J- ... - ~-
..L 

F\ A 

3. Uncorrectable Error (UCE)_ 

An uncorrectable error has been detected. This error can 
occur during PE or GCR read or write commands. DATA CHK ;s 
also asserted. 

4 .. Part i a 1 Record (PART REC) 

An IBG is detected before detecting end-of-data'qharacters. 
This error can "occur dur.ing PE or- GCR read or write commands. 
DATA CHK is also asserted. 

5. Multiple Track Error (MTE) 

Two or more tracKs are detected in error. This error can 
occur during PE or GCR read or write commands. DATA CHK i-s 
also asserted except during a GCR read. In GCR read mode, 
DATA CHK is set only if the error can not be corrected. 

6. End of Data Check (END DATA CHK) 

The end-of-data characters are not detected, or the preambles 
and postambles do not meet format requirements. This error 
can occur during PE or GCR read or write commands. DATA CHK 
is also asserted. 

7. Velocity Error (VEL ERR) 

The MTS speed indication is outside acceptable limits. This 
error can occur during PE or GCR write commands. DATA CHK is 
also asserted. 

8. Diagnostic Mode Latch (DIAG MODE LTCH) 

The diagnostic mode of operation has been set in the MTS. 
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4.3.15.3 MUX BYTE 2 

ERRMX bit P is the digital tachometer (TACH) from the MTS and 
contains information concerning tape speed and distance. This 
line is used in certain diagnostic routines and is valid during 
commands as well as after the command is completed. 

ERRMX bits 7 and S (DA7 and DAS) are used during diagnostic mode 
operation only. 

Various reject codes are asserted on bits 5 through D under their 
defining conditions. The reject code is the octal equivalent of 
bits DA5 through DAD with bit DA5 being most significant and bit 
DAO being least significant. Table 4-10 defines Reject Codes 1 
through 37 and indicates those that set OP INC. 

4.3.1504 MUX BYTE 3 

MUX Byte 3 contains certain MTS status bits. These bits, with the 
exception of Backward Status (BWDS), are duplicated as separate 
interfaCe output lines and are defined in Sections 4.3.18 through 
4.3.24. 

The Backward Status bit is asserted when the conmand in progress 
or- just completed;s a backward tape motion cbmnand. If the 
current or previous command is a forward tape motion· command, 
this bit is unasserted. . 

4.3.16 Corrected Error (CRERR) 
-

The Corrected Error line is asserted by the MTS to indicate: 

1. A single-track error has been corrected during a PE read. 

2. A single- or double-track error has been corrected during a 
GCR read. 

3. A Single-track error has been detected during a GCR write. 
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Table 4-10. Reject Codes (Sheet 1 of 2) 

I REJECT 
CODE I (OCTAL) DESCRIPTION 

The MTS is not in Ready Status. 

2* Internal interface error (Cache Buffer model only). 

3* The TRAK response to the initiating TREQ was not 
received within 75 milliseconds on a write-type 
comnand. 

4 Reserved 

5 The MTS is in File Protect Status when a write-type 
command is attempted. 

6* The Mrs did not go to Erase Status only. 

7 Illegal conmand sequence. 

10* The MTS did not go to Read Status. 

11* The MTS is unable to read a PE or GCR 10 burst either 
dur i ng a read opera t ion - or dur i ng a read check wh i 1 e 
writing the ID burst. 

12 Reserved 

13 Reserved 

14* The MTS did not go to Write Status. 

15 Reserved 

16 Reserved 

17* Noise (possibly data) was detected during an erase 
gap command or during a write command following a 
read-type command. 

20* The host has issued a READ in cache data mode 
and no record is in the buffer. 

21* The MTS reset Ready Status. 

22 Reserved 

* OP INC is also set 
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REJECT 
CODE 

Table 4-10. Reject Codes (Sheet 2 of 2) 

(OCTAL) DESCRIPTION 

23 A backward-type command (except a 
rewind/unload command) was given, 
already positioned at BOT. 

rewind or a 
but tape was 

24* The ARA BURST portion of the GCR ID burst just 
written did not have all nine tracks active. 

25* An lBG longer than 25 feet in PE mode or longer than 
15 feet in GCR mode was detected on a read- or 
space-type command. 

26 More than one speed change requested without 
intervening motion. 

27 Reserved 

30* The MTS is not in the recording density selected. 

31 LWR "att~ted when tape loaded and posi tioned off BOT. 

32* No tape "motion. 

33* During a readback check of a write operation, data 
was detected in an IBG area. 

34 Reserved 

35* The MTS attempted to backspace over a bad record just 
written but was unable to detect the record. 

36* The ARA 10 burst was unreadable during a GCR write 
conmand. 

37* During the readback check of a write or write tape 
mark command, no data was detected. 

* OP INC ;s also set 
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4.3.17 Data Bus Parity- Error (BUPER) 

The Data Bus Parity Error line is asserted by the MTS to indicate 
-that the Bi-Directional Data bus detected an even parity data 
character during a TREQ/TRAK data transfer. On WRT operations, 
assertion of this line indicates that the data written on tape is 
incorrect. On RDF or ROB operations, assertion of this line 
indicates either an uncorrectable read error or an internal 
malfunction of the MTS read data processing system. Data 
transmission is not halted in either write or read operations 
until the normal ending point is reached. Data check is also 
set. 

4.3.18 Online Status (ONLS) 

This line is asserted by the MTS when it is in Online Status. 
(The MTS can be in Online Status when it is not in Ready Status; 
for example, Tape Not Loaded.) If the MTS is not in Online 
Status, all othe~ status is invalid. The MTS accepts interface 
commands only if it is Online. 

The Online key is used to set the MTS to Online Status; the Reset 
key is used to reset Online Status.-

4.3.19 Ready Status (RDYS) 

This line is asserted by the MTS when in Ready Status. The MTS 
is in Ready Status when it has tape loaded, is not rewinding, and 
is not in Machine Check Status. 

4.3.20 Beginning of Tape Status (BaTS) 

The Beginning of Tape Status line is asserted by the MTS when 
tape is positioned at the BOT marker. 

4.3.21 End of Tape Status (EaTS) 

The End of Tape Status line is asserted by the MTS when the tape 
is positioned on or past the EOT marker, indicating that tape is 
within the end-of-recording area. 

4.3.22 File Protect Status (FPTS) 

The File Protect Status line is asserted by the MTS when tape is 
loaded and the file reel does not contain a write enable ring. 
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4.3.23 Write Status (WRTS) 

This line is asserted by tne.MTS when in Write Status. 

4.3.24 High Density Status (HDNS) 

The High Density Status. line indicates the recording format 
(density) in which the MTS is operating. GCR format is indicated 
when HONS is set; PE format is indicated when HDNS is reset. 

On Read or Space commands from BOT, the MTS is first set to PE 
mode, reads the 10 burst, and then sets to the format indicated. 
Once positioned away from BOT, -the MTS reads in the density 
previously determined by reading the 10 burst of the tape in use. 

On write operations from BOT, the MTS is set to the density 
selected by the user. 

The MTS is set to PE mode whenever it has just been loaded, 
unloaded, or powered up. 

4.3.25 Rewinding Status (REWS) 

The Rewinding Status line is asserted by the MTS when in the 
process of rewinding tape to BOT (f9r example, the MTS is loaded 
and in'Online Status but not in Ready Status). 

4.4 INTERFACE COMMAND DESCRIPTIONS 

The interface comnand descriptions given in this section 'are for 
functional mode only. The commands are decoded from the four 
Command Select lines (CMOO, 1, 2, 3) as described' in Section 
4.1 .3. 

4.4.1 General Information 

The information in this section applies to all of the interface 
commands. Individual command descriptions begin with Section 
4.4.2. 

4.4.1.1 COMMAND INITIATION 

All commands are initiated by asserting the appropriate address, 
density, and command lines and then asserting START. The AD, OS, 
and CMO lines must be valid and stable for 90 nanoseconds minimum 
prior to the assertion, of START. START must have had a reset 
dUration of 90 nanoseconds ~inimum prior to assertion. Upon the' 
assertion of START, the addressed MTS stores the density and 
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command, and asserts BUSY .. START must remain asserted until BUSY 
is asserted. Once BUSY ;s asserted, the DS, CMD, and START lines 
may change state. Refer to Figure '4~4 for command initiation 
timing. START must be unasserted when the MTS Address lines are 
changed. 

DON'T CARE DON'T CARE 

-~"!""'.,-,.~-:~~"',>"!"'!".:~'!'-".~-~~,...( .. ~ \t;~~~~~~~~~~~~~~%~~ 
~~~~------------~~~~~ i 

CMD,DS MUST BE VALID 

MUST BE VALID 

START I I ~~ }E-~ 
-----;-t---,...-2T~4 --II ' BUSY • ·1· .1-·, ! 

BUSY 

STATuS 
Tl 12 T3 I STA~S INVALID r 

STATUS VALID _,. .... ,_'!J?,', STATUS VAllO 

~~~~~~~ • • I COMMAND OPERATION i· · gg~~~~D 

Tl2:0s AFTER BUSY IS ASSERTED 
T22:90ns 
T3-START MUST NOT RESET BEFORE BUSY SETS 
T42:0 . 

BUSY AND START ARE ASSERTED IN THE LOW STATE 

12085 

Figure 4-4. Command Initiation~ Operation, and Completion 

4.4.1.2 REJECT CONDITIONS 

When reject conditions occur (as specified-in Section 4.3.15.3) 
during the command operation, REJECT is asserted, BUSY is reset, 
and the operation is terminated. 

404.1.3 OPERATION COMPLETED 

The command operation can only 
terminated after BUSY is reset. 
only when BUSY is reset. 

4.4.1.4 ENDING STATUS VALIDITY 

be considered as completed or 
A new command can be initiated 

All MTS status (and error) lines may change during an operation; 
however, all lines must be considered invalid while BUSY is 
asserted, and valid only after completion of the operation when 
BUSY is reset (Figure 4-4). 
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4.4.1.5 END OF TAPE STATUS (EOTS) 

EOTS (tape positioned in the ~nd~of-recording area) does not 
inhibit or control any command operations within the MTS. If 
forward-type commands a~ repeated (such as WRT) or allowed to 
continue (such as FSB) when EOTS is asserted and the physical end 
of tape is reached, the MTS resets Ready Status, the operation 
terminates, and REJECT is asserted. The tape will be completely 
removed from the file reel and requires manual loading before a 
rewind can be performed. 

With the Cache Buffer model in use and the tape positioned in the 
end-oF-recording area, the MTS will, during WRITEs, wait until 
the record is successfully written to tape before giving ending 
status to the host for this record. During READ commands the MTS 
will not read a record until reque~ted to do so by the host. 

4.4.1.6 COMMANDS WITH MTS IN WRITE STATUS 

When a backward command (BSB, BSF, REW, ROB, RUN) 
and the addressed MTS is in Write Status, the MTS 
causes an erasure of tape in the forward direction 
(nominal) before commencing the command operation. 
the erasure of tape is at least 0.8 inch. 

is initiated 
automatica l1y 
of 1.5 inches 

At 100 IPS, 

Forward read commands (FSB, RDF, FSF) 
Write Status are considered improper 
Section 4.4.1.7.) 

with the addressed MTS in 
command sequences. (See 

4.4.1.7 IMPROPER COMMAND SEQUENCES 

The tape area forward of a just completed write-type corrmand 
(WRT, WTM, ERG) is erased for a short distance. When this erasure 
impinges into another block, this block is partially erased. 
Write-type commands followed by forward read commands are not 
prohibited but should be avoided or the user tape operating 
system should maintain knowledge of the condition. 

4.4.2 No Operation (NOP) Command 

Nap command operations perform essentially no function. The MTS 
error status outputs do not change. BUSY is asserted only for the 
short time necessary to accept and process the command. 

Other than command initiation, no signal responses are required 
of the user interface. 
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4.4.3 Drive Clear (CLR) Command 

eLR resets the OVRNS, DATA CHK, 10 BRST, CRERR, SUPER, and ERRMX 
error status outputs if they are asserted from the previous 
operation. CLR also resets SSC. The MTS remains in Online Status 
if previously in that state. 

The functions of a Drive Clear 
automatically by the MTS as the 
except a NOP, SNS, or OMS command. 

command are always performed 
initial part of all commands 

Other than command initiation, no signal responses are required 
of the user interface. 

4.4.4 Diagnostic Mode Set (OMS) Command 
, 

The DMS command causes the MTS to accept certain commands, most 
of which are used for diagno~tic purposes, but some of which are 
tailored for functionai operation use. 

Other than command initiation, no signal responses are required 
from the user inter·face. 

The change from diagnostic mode to functional mode is 
accomp 1 i shed when: ( 1)· the user asser ts the Reset 1 i ne, or (2) 
wnen the MTS automatically transfers the mode after certain 
diagnostic mode. command sequences. 

The diagnostic mod~ set command must be followed by the specific 
command desired. This second command consists of a functional
type command AND an identifying code on SLX 2, 1, and 0 lines in 
the following format: 

DMS/eee slx 

Where eee is the command following OMS, and slx is the code on 
the SLX lines. 

In most cases (except some parts of the OMS/NOP command), the 
command following the OMS command is not valid unless it comes 
with the proper SLX lines code. The available OMS commands are 
described in. the following paragraphs. 

4.4.4.1 OMS/Nap (STATUS LINES TEST COMMAND) 

This command initiates and sequences the status line test portion 
of the interface test. Following the initial Nap command which 
resets all s ta tus excep t the On 1 i ne S ta tus (ONLS) 1 ; ne, each 
subsequent Nap command results in the assertion of an individual 
status line (in addition to ONLS) in the order shown in Table 
4- 11 . 
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Following the 52nd assertion of NOP, . the subsystem enters a 
command wrap mode. In this mode the host may issue any command 
(with START assertl0ns) with SLX lines 2, 1, and 0 = XXX. for 
each subsequent START assertion, BUSY i~ set and the individual 
incoming command lines are mapped to the outgoing status lines 
shown in Table 4-12. This mode of operation is maintained until a 
reset command is iSSUed. Functional operations can proceed only 
after·a reset conmand is issued. 

4.4.4.2DMS/WRT (SLX 2, 1, a = 000) (WRITE IN PLACE COMMAND) 

For the MTS without the Cache Buffer, this command results in a 
function~l write but with tape positioning such that the rewrite 
occurs at the same place. This command is used in a diagnostic 
write error recovery sequence which attempts to i~olate media as 
the cause of tef1llorary errors. This command is intended to 
follow a failing WRT, BSB command sequence. Only the WRT 
ilTl1lediately following the OMS occurs at the ~ame place. 

For the MTS with the Cache Buffer, this command is functional 
only in long-record mode. 
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Table 4-11. Status Line Assertion For OMS/NOP Command 
Sheet 1 of 2 

Nap SLX 1 
NO. 210 ASSERTED STATUS 

°1 XXX 
2 XXX Identification Burst Status o( 010 Burst) 
3 XXX File Protect Status (FPTS) 
4 XXX Rewinding Status (RE1NS) 
5 XXX Expecting Data Status (RECV) 
6 XXX Operation Incomplete Status {no TMr\ 

\ .... .. 1'1'" f .., vvv None, except ONLS I AAI\. 

8 XXX Tape MarK Status (TMS) 

9 XXX 

I 

Overrun Status (OVRNS) 
10 XXX Data ChecK Status (DATA CHK) 
11 XXX EPROM Error Status (ROMPS) 
41"1 XXX Corrected Error Status (CRERR) I~ 

13 XXX None, except ONLS 
14 XXX High Density Status (HDNS) 
15 XXX Ready Status (RDYS) 
16 XXX Write Status (WRTS) 

17 XOO MUX Byte 0 Bit 0 (ERRMX 0) 
18 XOO MUX Byte 0 Bit 1 (ERRMX 1 ) 
19 XOO MUX Byte O. Bi t 2 (ERRMX 2) 
20 XOO MUX Byte 0 Bit 3 (ERRMX 3) 
21 XOD MUX Byte 0 Bit 4 (ERRMX 4) 
22 XOD MUX Byte 0 Bit 5 (ERRMX 5) 
23 XOD MUX Byte 0 Bit 6 (ERRMX 6) 
24 XOO MUX Byte 0 Bit 7 (ERRMX 7 ) 
25 XOO MUX Byte 0 Bit P (ERRMX P) 

26 XOl MUX Byte 1 Bit 0 (ERRMX 0) 
27 XOl MUX Byte 1 Bit 1 (ERRMX 1 ) 
28 X01 MUX Byte 1 Bit 2 (ERRMX 2) 
29 XOl MUX Byte 1 Bit 3 (ERRMX 3 ) 
30 X01 MUX Byte 1 Bit 4 (ERRMX 4) 
31 XOl MUX Byte 1 Bit 5 (ERRMX 5) 
32 X01 MUX Byte 1 Bit 6 (ERRMX 6) 
33 XOl MUX Byte 1 Bit 7 (ERRMX 7 ) 
34 XOl MUX Byte 1 Bit P (ERRMX P) 

x = do not care 
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Table 4-11. Status Line Assertion For OMS/NOP Command 
Sheet 2 of 2 

NOP SLX 
NO. 210 ASSERTED STATUS 

35 X10 MUX Byte 2 Bit 0 (ERRMX 0) 
36 X10 MUX Byte 2 Bit 1 (ERRMX 1) 
37 X10 MUX Byte 2 Bit 2 (ERRMX 2) 
38 X10 MUX Byte 2 Bit 3 (ERRMX 3) 
39 X10 MUX Byte 2 Bit 4 (ERRMX 4) 
40 X10 MUX Byte 2 Bit 5 (ERRMX 5) 
41 X10 MUX Byte 2 Bit 6 (ERRMX 6) 
42 X10 MUX Byte 2 Bit 7 (ERRMX 7) 
43 X10 MUX Byte 2 Bit P (ERRMX P) 

44 X11 MUX Byte 3 Bit 0 (ERRMX 0) 
45 X11 MUX Byte 3 Bit 1 (ERRMX 1) 
46 X11 MUX Byte 3 Bit 2 (ERRMX 2) 
47 X 11 MUX B~te 3 Bit 3 (ERRMX 3) 
48 X 11 MUX By-te3 Bit 4 (ERRM-X 4) 
49 X 11 MUX Byte 3 Bit 5 (ERRMX 5) 
50 X 11 MUX Byte 3 Bit 6 (ERRMX 6) 
51 X 11 MUX Byte 3 Bit 7 (ERRMX 7) 
52 X 11 MUX Byte 3 Bit P (ERRMX P) 

x = do not care 

Table 4-12. Status Line Assertion For Diagnostic Command Wrap 
Mode 

INCOMING MAPPED TO 
COMMAND LINES ERRMX LINES 

CMOO 7 
CMOl 6 
CMD2 5 
CM03 4 
DSO 3 
DS1 2 
SLXO 1 
SLXl 0 
SLX2 P 
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484.4.3 DMS/WRT (SLX 2, 1, a = 001) (WRITE NO MOTION COMMAND) 

This command initiates data transfer to the subsystem without 
tape motion, and is part of the interface bus test. iREQ and 
TRAK are used to sequence data across the data bus at a slower 
than normal,. processor-controlled rate. The last two bytes 
transferred are stored in the subsystem for later retrieval by 
the DMS/RDF comnand.· This conmand terminates in diagnostic mode 
so that the DMS/RDF command may immediately follow, by issuing an 
RDF command. 

4.4.4.4 DMS/RDF (SLX 2, 1, 0 = 000) (READ NO MOTION COMMAND) 

This command results in a diagnostic data transfer to the host 
system. The transfer rate may be slower than the TREQ/TRAK 
specifications for functional data transfers. Only the first two 
bytes transferred are significant, but transfer continues until 
the user asserts STOP in response to TREQ. These two bytes are 
the last bytes sent for the write no motion command described 
above. 

4.4e4.5 DMS/WRT (SLX 2, 1, a = 111) (FUNCTIONAL MODE SET) 

When the MTS receives a Functional Mode Set command, it begins 
accepting data from the host~ until the host sends STOP in 
response to a TREQ. The last byte sent is interpreted as the 
Speed/Gap Select Control and the Cache Buffer Mode Control. 
Table 4-13 shows the mode command combinations. 

Table 4-13. Speed/Gap Selection Decodes and Cache Mode Set 
Decode 

BITS OF LAST 
DATA BYTE MODE 

7 6 5 4 3 2 1 a SELECTED 

x X x x a a a 1 50 IPS, Nominal Gap 
X X X X 1 a a a 100 IPS, 0.6"" PE, 0.3"GCR 
X .X X X 1 a a 1 100 IPS, 0.9 11 PE, 0.6"GCR 
X X X X 1 a 1 a 100 IPS, 1 .211 PE, 0.9"GCR 
a a a 1 X X X X Set to Buffered Mode 
a a 1 a X X X X Set to Long-Record Mode 
a 1 a 0 X X X X Set to Cache Data Mode 

The set buffered mode command causes normal cache buffer 
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operation, generally storing multiple records in cache memory. · 
The set long-record mode command causes the opposite mode, 
Keeping physical tape synchronized to the host interface, 
generally storing less than one record in cache memory. 
Long-record mode must be selected for records longer than cache 
memory. 

Set cache data mode will cause data to be read from or written to 
cache memory only, without using physical tape. 

For machines without the Cache Buffer installed, Bits 4, 5, 6 and 
7 should always be zero in the Byte described in Table 4-13. 

Receipt of bit combinations not defined. in the above Table will 
not result in REJECT CODE 7, Illegal Command. This command is 
used in functional mode operations. The ·X u values can be valid 
bit combinations or should be set to "0· if the mode is not to 
change. If the MTS is in cache data mode, selecting buffered or 
long-record mode will cause the MTS to exit cache data mode and 
begin normal tape data processing. 

4.4.4.6 DMS/FSF (SLX 2, 1, a = 000) (PERFORM LOADED DIAGNOSTICS) 

This command inifiates the Loaded subset of internal diagnostics 
and bypasses all tests that require theMTS to be unloaded. This 
eliminates all Section 1 routines (power up), and Test 32 
(unload/load). Note that this limited set of internal 
diagnostics results in a lesser detection and isolation of 
problems than optimum. 

The sense bytes resulting from this command are described under 
the next heading--DMS/FSB command. 

4.4.4.7 DMS/FSB (SLX 2, 1, a = 000) (PERFORM ALL DIAGNOSTICS) 

This command initiates the entire package of internal 
diagnostics. BUSY is set until successful completion or an error 
is detected. At this time the user may interrogate termination 
status by means of the sense (SNS) command. 

4.4.4.8 OMS/RUN (SLX 2, 1, a = 000) (RESET CACHE ERROR COUNTERS) 

This command resets the cache error counters. This command 
sequence is available only on CB cards with PN 403855308 and 
above. 
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4.4.5 Read Forward a Block (RDF) Command 

4.4.5.1 NON-CACHED OPERATION 

The RDF command causes tape to be moved 1n the forward direction 
and the next block (only) to be read. Non-data characters of the 
block are detected, decoded, checked for validity, and used for 
their specific purposes, but not transferred across the 
interface. Data characters of the block are detected, decoded, 
checked for validity, corrected if appropriate, and transferred 
across the interface. Data is transferred until end-of-data is 
detected, or until STOP is asserted by the user interface, or 
until REJECT occurs. All characters within the block are checked 
for validity even if they are not all transferred. Tape motion is 
then halted. Ending status signals reflect the validity check 
for the entire block. 

4.4.5.1.1 S~gnal Sequence 

After command initiation, the MTS moves tape in the forward 
direction. When a data block is detected and sufficient data 
characters have been decoded and deformatted, the MTS asserts a 
data char~cter on the Bi-Directional Data bus (DATA), delays 
approxi~ately 90 nanoseconds, and then asserts TREQ. 

The user interface must then signal transfer of the data 
character by asserting TRAK or STOP. Upon sensing the TRAK or 
STOP assertion, the MTS resets TREQ. The user interface must then 
reset TRAK or STOP. Responses must meet the timing requirements 
of Figure 4-5. 

If TRAK or STOP does not respond according to the timing 
requirements, an MTS internal read buffer may be overloaded. If 
the MTS buffer does become overloaded, data characters may be 
lost. Although data transfer could resume by asserting TRAK, lost 
data characters cannot be recovered during the in-process command 
operation. When data characters are lost in this type of signal 
sequence, eRC ERR, OVRNS, and DATA CHK are asserted in the ending 
status. The time between consecutive TREQ signals may vary, thus 
it is important that the user interface timing is not determined 
by the time between TREQs. Normal TREQ/TRAK responses and data 
character transfer continues until: (1) the user interface 
signals STOP, (2) the MTS transfers the last byte of data, or (3) 
the MTS sets REJECT and terminates the command. When end-of-data 
is decoded, the MTS asserts the End of Data Pulse (ENDATP). 
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-TREQ 
------, I-------------------1 

~------------------- ---
-DATA 

--1 I-----------
-------------~--------- . 

-TRAK 
-------------------1 J------~---------------------

L----~------------ T5 ------------- _____ J 
L---- T2 ----J L---- T4 ----J 

LT 1 J L- T3 -J 

50 IPS 2921 50 IPS 2922 100 IPS 2922 

Tl ~ 90 nanoseconds ~ 90 nanoseconds ~ 90 nanoseconds 

T2 s366 nanoseconds S960 nanoseconds S480 nanoseconds 

T3 ~ 0 nanoseconds S960 nanoseconds s480 nanoseconds 
.... 

T4 s366 nanoseconds s960 nanoseconds s480 nanoseconds 

T5 2 microsec nom 2.5 microsec nom 1 .25 microsec nom 

Note: Specified times for GCR are at the 2920 MTS interface 
connectors. 

Figure 4-5. RDF or ROB Command TREQ, TRAK~ and DATA Timing 

Unless the user TRAK timing is greater than the specified 
maximum, all data is transferred before ENDATP is asserted. Any 
data not transferred by the time ENDATP is asserted is 
unrecoverable. 

The MTS then halts tape motion, asserts ending status, resets 
BUSY, and the command operation is complete. 

4.4.5.2 CACHED OPERATION (MULTIPLE BUFFERED RECORDS) 

The RDF command causes the next blocK of data to be transferred 
from the cache memory to the host. Generally, a series of Read 
records are read ahead from tape and held in the cache memory for 
later transfer to the host. If an uncorrectable error is 
encountered when reading ahead from tape, the MTS bacKspaces and 
rereads the record, repeating this error recovery process the 
number of times se lected, ei ther 0, 5, 10, or 15 times. I f zero 
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is selected, no retires are attempted. When the host interface 
requests the block in error, Data Check is asserted at the end of 
the data transfer. The host can then command further recovery 
procedures if desired. 

When reading ahead from tape, if EDT is encountered, no further 
blocks are read unless the host interface catches uP.to physical 
tape and commands further Reads. Then the MTS only reads one 
data block from tape at a time. 

When reading a record from tape that is presently being requested 
by the host, any error status is given directly to the host and 
no retry procedures are automatically attempted. 

4.4.5.2.1 Signal Sequence (Buffered Mode) 

The TREQ and TRAK (or STOP) interface signal sequence is the same 
as for long-record mode, except that the t 1.ming requi rements of 
Figure 4-5 can be relaxed fqr slower interfaces. T2 and T4 are 
determined by the host system and can be longer or shorter than 
shown in the figure. T5 would change correspondingly. T2 plus 
T4 cannot exceed 75.0 milliseconds on any data byte. Of course, 
faster timing results in higher system throughput. Table 4-14 
shows the timing requirements to achieve the maximum transfer 
rate. 

Table 4-14. Timing Requirements For Maximum Interface Data 
Transfer Rate (READ or WRITE), Model 2925 

T 1 ~ 90 nsec 

T2 <275 nse~ -_¥ .. -" 

~100 nsec 
T3 ~300 nsec 

T4 ~275 nsec 

800 nsec and 
T5 1000 nsec 

Note: Refer to Figures 4·-5 and 
4-7. 

4.4.5.3 RDF/BOT 

When an RDF command is initiated with tape positioned at BOT, the 
MTS will first process the identification area (10 area) before 
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proceeding to process the first block. The proc~s~ing of the 10 
area is·automatic within the operation, requlrl.ng no si~nal 
responses from the user interface. In the processing, the 10 drea 
is detected and interpreted and the MTS is set to the appropriate 
density. The MTS asserts 10 BRST during the process. The 
following block is then processed. If the 10 area is 
uninterpretable, the MTS asserts the interface signals as defined 
in Sect,ion 4.2. 7 and termi na tes the opera t ion. 

4.4.5.4 RDF/TAPE MARK BLOCKS 

4.4.5.4.1 Non-Cached Operation 

When an ROF operation is initiated, but the next block is a tape 
mark block, the MTS moves the tape past the tape mark, asserts 
Tape Mark Status (TMS), asserts BLOCK, and resets BUSY. A data 
block will not have been processed and no data characters will 
have been transferred across the interface. No signal responses 
will have been requested from the user interface. 

4.4.5.4.2 Cached Operation (Multiple Buffered Records) 

If the switches indicate to synchronize on one tape mark and a 
tape mark block is read from tape, the MTS will read ahead 
commands to the tape drive and wait for the host to breaK the ROF 
command string or request a' read of the tape marK blocK. If the 
hardware switches indicate to synchronize on two tape marKs in- a 
row and one TM blocK is detected, the MTS will issue a series of 
ROF commands as explained in Section 4.4.5.2. If two tape marks 
in a row are encountered, the MTS will halt tape motion, ; .e. not 
issue any more read ahead commands. The MTS then waits for the 
host to break the ROF command string or issue a command after 
reading the second tape marK. At that time the MTS will execute 
the command issued and begin reading ahead again if appropriate. 

4.4.6 Read Backward a Block (ROB) Command 

4.4.6.1 NON-CACHED OPERATION 

This operation proceeds as in Section 4.4.5.1 for RDF except that 
tape motion is bacKward. 

4.4.6.1.1 Signal Sequence 

The signal sequence is the same as described in Section 4.4.5.1.1 
for ROF except that data is transferred in the opposite order of 
the ROF command. 
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4.4.6.2 CACHED OPERATION (MULTIPLE BUFFERED RECORDS) 

The ROB comnand causes the physical tape to become srnchronized 
with the host interface and the previous record to be read 
backward from tape and placed in the Cache memory. -The record is 
then transferred out of Cache memory to the host and ending 
status is presented to the host. No further tape motion i-s 
initiated until requested by the host. 

4.4.6.2.1 Signal Sequence (Buffered Mode) 

The signal sequence is the same as described in Section 4.4.5.2.1 
for RDF except that data is transferred in the opposite order of 
RDF. This command is not valid in the cache data mode. 

4.4.6.3 ROB/BOT 

An ROB command initiated with tape positioned 
invalid command. REJECT is asserted and the 
terminated. 

at BOT is. an 
operation is 

An ROB command initiated in which tape reaches the 10 area 
without a data or tape marK blocK being detected, sets DATA CHK 
and the operation is terminated. Upon completion of this command, 
the tape is then positioned at BOT. 

For both of the above conditions, no signal responses will have 
been requested from the user interface. 

4.4.6.4 ROB/TAPE MARK BLOCKS 

This situation is the same as that described in Section 4.4.5.4 
except that tape motion is bacKward and, when the command is 
completed, the read head is positioned relative to the ISG 
preceding the tape marK blocK. 

4.4.7 Write a Data Block (WRT) Command 

4.4.7.1 NON-CACHED OPERATION 

The WRT command causes, (1) tape to be moved in the forward 
direction, (2) the ending portion of the preceding ISG to be 
generated, (3) the data blocK to be written, (4) the data block 
to be read and checked for validity, and (5) the beginni~g 
portion of the next ISG to be generated. The data block 1S 
written in the format as determined by the Density Status/Select 
lines and the Density Select switch. 
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Non-data characters of the data blocK are automatically 
generated, encoded, formatted, and written. Data characters to be 
written are transferred serially across the interface, 
automatically encoded, formatted, and written. 

4.4.7.1.1. Signal Sequence 

After the conmand ini.tiation, the MTS first asserts RECV, 
signifying that the Bi-Directional Data bus (DATA) is under 
control of the user interface and that the MTS will receive data 
transfer on D"ATA. 

The MTS next asserts one initiating TREQ signal sequence. The 
user" interface must respond with assertions of data characters on 
DATA and by assertion of TRAK within the timing limitations of 
Figure 4-6. If the user interface does not respond accordingly, 
the MTS resets TREQ, asserts REJECT, and terminates the command. 
If the user interface responds correctly, then the MTS starts 
tape motion. After the ending portion of the IBG is created, the 
preamble is written. The user interface must respond to TREQ by 
placing a data character on DATA and then asserting TRAK. The MTS 
then acknow.ledges transfer of the data .character by resetting 
TREQ. At this time the user interface may change DATA and must 

. reset TRAK. 

-TREQ 
-----1 J--------:----------1 

------~------------ ---
-DATA 

-----------1 S-----------
-------------------

-TRAK 
------------=-------1 S---------

----------
L-Tl--J ---T2---.J -T3- j -T4-- j 

Tl, T2, T3, T4, = ~ 0 
Tl + T2 S 75 milliseconds 

Figure 4-6. Write Commands Initiating TREQ/TRAK/OATA Timing 
(Applies to First Byte of Data) 

Normal TREQ/TRAK/DATA response continues until the user interface 
signals STOP, signifying that the last character to be written is 
being transferred. The MTS then causes the remainder of the 
block to be formatted and written. The read-after-write checKs 
are performed and the beginning portion of the next rBG is 
generated. Ending status is asserted, BUSY is reset, and the 
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operation is completed. RECV remains asserted until a command 
other than a WRT or LWR comnand is .initiated. These user 
interface responses must meet the timing limitations given in 
Figure 4-7. The time between consecutive TREQ signals may not be 
uniform. No user interface timing snouid be developed based on 
the time between consecutive TREQ signals. If TRAK or SiOP does 
not respond according to the timing limitations, an internal MTS 
write data character buffer may be overrun. When this occurs, 
incorrect data encoding has occurred. The MTS then discontinues 
requesting data, finishes formatting the block, sets Overrun 
Status (QVRNS), and tape motion halts. 

-TREQ 
-----1 I-------------------1 ------------------- ---

-DATA 
-----------1 I-----------

~ --------------------------
-TRAK 

------------------1 I----------------------------L----------------- T5 ------------------J 
L- - - - T 2 - - - _J L- - - - T 4 - - -_J 

L- T 1 _J 
L- T 3 -J 

50 IPS 2921 50 IPS 2922 100 IPS 2922 

T 1 ~ 0 ~ 0 ~ 0 

T2 ~ 766 nanoseconds ~ 1100 nanosecond ~ 550 nanoseconds 

T3 ~ 0 ~ 0 ~ 0 

T4 ~ 766 nanoseconds ~ ""nn nanoseconds ~ 
~~I"I nanoseconds I I uu :J:JU 

T5 2.8 microsec nomin 3.0 microsec nomin 1.5 microsec nomin 

Note: Specified times for GCR are at -the 2920 MTS interface 
connectors. 

Figure 4-7. WRT Command TREQ, TRAK and DATA 
(Applies to All Subsequent Bytes of Data'Transferred) 

4.4.7.2 CACHED OPERATION (MULTIPLE BUFFERED RECORDS) 

The WRT 'comnand causes the next data block to be transferred from 
the host to the cache memory. Generally, a series of WRT 
commands causes multiple records to be held in cache memory for 
later transfer to tape. If an error is encountered when writing 
to tape, the cache control will backspace, erase a portion of 
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tape, and try to rewrite the record. This error recovery process 
is repeated the number of times selected, either 5, 10, or 15 
times. If the data cannot be written to tape, REJECT is asserted 
on the next available command, and no other commands can be 
executed until a Sense command transfers the appropriate status 
to the host and a reset is then given to the MTS. 

4.4.7.2.1 Signal Sequence (Buffered Mode) 

The TREQ and TRAK Jor STOP) interface signal sequence is the same 
for long-record mode, except that the timing requirements of 
Figure 4-7 can be relaxed for slower interfaces. T1, T2 and T4 
are determined by the host system and can be longer or shorter 
than shown in the figure. T5 would change correspondingly. T1 
plus T2 plus T4 cannot exceed 75.0 milliseconds on any data byte. 
Of course, faster timing results in higher system throughput. 
Table 4-14 shows the timing required to give the maximum transfer 
rate. 

4.4.7.2.2 WRT/Early EDT (Buffered Mode) 

When writing ~ith ihe Cache Buffer installed and operating in 
buffered mode, 'a number of records may be present in the buffer 
at any given time. When the MTS determines that the tape is 
approach i ng the end -of - record i ng are"a, the max i mum number of 
records in the buffer is reduced to 1 or 4 as indicated by the 
switches. This ensures that no more than 1 or 4 records will be 
written after the end-of-recording area is encountered without 
th~ host's knowledge. After the end-of-recording area is 
reached, only 1 record maximum is allowed in the buffer so that 
status is not given to the host unti 1 this record has been 
written to tape. 

404.7.3 WRT/BDT 

When a WRT command is initiated with tape positioned at BOT, the 
MTS writes and checks the 10 area before proceeding to the WRT 
command. The 10 area is written and checked automatically within 
the MTS, requiring no signal responses from the user interface. 

For the model 2925, the data for the record is taken into the 
buffer, transferred to tape, and checked for validity before BUSY 
is unasserted and status is given to the host. Note that when 
operating in buffered mode, no record can be written or read that 
is larger than the buffer. 

If the 10 area cannot bewritten and read with validity, the 
operation is terminated. A data blocK is not written and the WRT 
command is not performed. Appropriate 10 BRST, REJECT, and DATA 
CHK signals are included in the ending status. 
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4.4.8 Loop Write-to-Read (LWR) Command 

The LWR command operations provide a means of testing the read 
and write data circuit paths within the MTS. Read signals are 
derived (looped) within the MTS from the write circuits. There is 
no tape motion. LWR is not allowed if tape is loaded and 
positioned away from BOT. Data is transferred over the interface 
the same as during a Write command. 

The signal sequence is the same as that described in Section 
4.4.7.1 for a WRT command operation. 

4.4.9 BacKspace a File (BSF) Command 

4.4.9.1 DESCRIPTION 

The BSF command causes tape to be moved ba\.Kward, passing over 
data blocks encountered until a tape mark block is detected. 
Tape motion is halted with the read head positioned relative to 
the IBG preceding (on the BOT side of) the tape mark. Tape Mark 
Status is included in the ending status and the operation is 
completed. No data characters are checked for validity or 
transferred across the interface. BLOCK is not asserted for any 
data blocks passed ,over; BLOCK is only asserted at the Tape Mark. 

Other than command initiation, no signal responses are required 
of the user interface. 

404.9.2 BSF/BoT 

If the 1D area is reached before finding a tape mark blocK,' the 
operation is terminated. Tape is positioned at BOT. DATA CHK and 
BOTS are asserted in the ending status. If BSF is initiated with 
tape positioned at BOT, the corrmand is invalid, REJECT is 
asserted, and the operation is terminated. 

4.4.10 Backspace a Block (BSB) Command 

4.4.10.1 DESCRIPTION 

The SSB command operation causes tape to be moved backward, 
passing over data blocks until signaled to STOP by the user 
interface. When signaled to stop, the read head is positioned 
relative to the ISG preceding the last data block passed over. 
No data characters are checked for validity or transferred across 
the interface. 
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4.4.10.2 SIGNAL SEQUENCE 

After the command initiation, the MTS begins backward tape 
motion. If a data block is detected, the MTS asserts BLOCK pulse 
at the standard interface. If data block spacing is to be 
terminated, the user interface must assert STOP. This assertion 
must occur within 2 microseconds of the assertion of BLOCK and 
must have a 1 microsecond minimum duration. 

If data block spacing is not to be terminated, STOP must not be 
asserted, tape motion continues, _and BLOCK is pulsed (refer to 
Section 4.3.3 for BLOCK timing) when and if the next block 
detected is a data block. When STOP is asserted, tape motion is 
halted with the read head positioned in the preceding IBG, BUSY 
is reset, an~ the operation is completed. 

4.4.10.3 aSS/BOT 

I f BOT is reached before STOP is asser ted Oi" before a da ta block 
is detected, the operation is terminated. Tape is positioned at 
BOT. DATA CHK and BaTS are asserted in the ending status. If BSB 
is initiated with tape positioned at BOT, the conmand is invalid; 
REJECT is then asserted and the operation is terminated. 

404.10.4 aSS/TAPE MARK 

When a tape mark block is encountered during the operation, tape 
motion halts with the Read Head positioned relative to the IBG 
preceding the tape mark block. TMS is included in the ending 
status. 

4.4.11 Forward Space a File (FSF) Command 

4.4.11.1 DESCRIPTION 

This operation is the same as that described in Section 4.4.9.1 
for BSF except that tape motion is forward and, at the completion 
of the command, the read head is positioned relative to the IBG 
following the tape marK blocK. 

a ther than in i t i at; ng the -conmand, 
required of the user interface. 
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When an FSF command is initiated with tape positioned at BOT, the 
MTS first processes the 10 area as described in Section 4.4.5.3 
for RDF/BOr before proceeding to space to the next tape marK 
blocK. 

4.4.12 Forward Space a Block (FSB) Command 

4.4.12.1 DESCRIPTION 

This operation is the same as that described in Section 4.4.10.1 
for 8SB except that tape motion is forward and, at the completion 
of the command, the read head is positioned relative to the IBG 
following the data blocK. 

The signal sequence is the same as that described in Section 
4.3.10.2 for SSS. 

4.4.12.2 FSB/BOT 

When an FSB command is initiated with tape positioned at BOT, the 
MTS first processes the 10 area as described in Section 4.4.5.3 
for RDF/BOT before commencing the FSB operation. 

4.4.12.3 FSB/TAPE MARK 

When a tape marK blocK ;s encountered during the operation, tape 
motion halts with the read head positioned relative to the IBG 
following the tape marK blocK. TMS is included in the ending 
status. 

4.4.13 Write Tape Mark (WTM) Command 

4.4.13.1 DESCRIPTION 

The WTM command causes tape to be moved forward and a tape marK 
blocK to be written and checKed for validity. If the validity 
checK indicates that the tape marK does not meet ANSI 
specifications, the MTS automatically bacKspaces and erases 
forward over the written tape marK and rewrites the tape mark 
block. Up to two rewrites are automatic~lly attempted. If the 
tape mark does not meet ANSI specifications after the rewrite 
attempt(s), WTM CHK is asserted. Refer to MUX Byte·1. 

Other than initiating the conmand, 
required of the user interface. 
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4.4.13.2 WTM/BOT 

When a wTM command is initiated with tape positioned at BOT, the 
MTS first writes and checks the 10 area as described in Section 
4.4.7.3 for WRT/BOT before commencing the WTM operation. 

4.4.14 Erase Gap (ERG) Command 

4.4.14.1 DESCRIPTION 

The ERG command causes tape to be moved in the forward direction 
and a 3.6 inch nominal (PE) or 3.4 inch nominal (GCR) section of 
tape to be erased. During the ERG operation, read' checks are 
performed to verify that erasure has occurred. If Read signals 
are detected, REJECT is asserted in ending status. 

Other than initiating the command, 
required of the user interface. 

4.4.14.2 ERG/BOT 

no signal responses are 

When an ERG command is initiated with tape positioned at BOT, the 
MTS first automatically causes the generation and checking of the 
10 area as described in Section 4.4.7.3 for WRT/BOT before 
commencing the ERG operation. 

4.4.15 Rewind (REW) Command 

4.4.15.1 DESCRIPTION 

The REW command causes tape to move in the backward direction at 
rewind speed. Tape motion halts with tape positioned at BOT. 
BUSY is asserted only until the MTS accepts the REW command. The 
MTS resets Ready Status and asserts Rewinding Status while 
performing the rewind operation, and then reasserts Ready Status 
and resets Rewinding Status when BOT is reached. 

Other than initiating the command, 
required of the user interface. 

4.4.15.2 REW/BOT 

no signal responses are 

No tape motion occurs and tape remains positioned at BOT. BUSY is 
asserted only for the short time required to checK that tape was 
positioned at SOT. 
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4.4.16 Rewind and Unload (RUN) Command 

4.4.16.1 DESCRIPTION 

The RUN command causes tape to move in the bacKward direction at 
rewind speed. When BOT is reached, tape motion slows and tape is 
wound onto the fi le (supply) reel. BUSY is asserted only utiti-l 
the MTS accepts the RUN command. The MTS resets Online Status 
upon accepting the command. 

Other than initiating the command, 
required of the user interface. 

no signal responses are 

4.4.16.2 RUN/BOT 

Tape is wound completely onto the file (supply) 
resets Online Status upon accepting the command. 

4.4.17 Sense Drive Status (SNS) Command 

4.4.17.1 DESCRIPTION 

ree 1 . The MTS 

This cornnand initiates' the transfer of the various Drive Status 
Sytes (OS8s) across the Error Multiplex 8us to the user. The 
three Select Mux lines must be set for uDrive Sense u (SLX 2,' 1, 0 
= 011). To start, the first status byte (OS80) is asserted at 
the interface. Then the first SNS command causes the next status 
byte (OS81) to be asserted at the interface. This OSS remains 
va1.id until the MTS is issued a NOP corrrnand. At this point the 
MTS may be issued a CLR command to place OSSO on the Error 
Multiplex Bus and return the MTS to the idle mode, or the MTS may 
be issued a SNS command to request the next sequential OS8. 
These bytes are defined in Table 4-15. 

Note that machines without the Cache Buffer only have defined 
sense bytes 0 through 55. Attempting to read bytes 56, 57, 58, 
etc, on these machines will cause the sense data to start over 
and display OS8 0, 1, 2, etc. 

4.4.17.2 SIGNAL SEQUENCE 

Each SNS must be followed by a NOP command which in turn must be 
followed by an SNS command or a CLR command. The assertion of the 
RESET line at any time during this sequence places OSSO on the 
Error Multiplex Sus and returns the MTS to the idle mode. 
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4.4.17.3 SENSE BIT DEFINITIONS 

"X" indicates "not defined" in Table 4-15. The following 
definitions apply to the bits shown in Table 4-15. 

4.4.17.3.1 DSBO through DSB4 

The various bits are defined in Table 4-16. 

4.4.17.3.2 DSB5 and DSB6 Description 

These two sense bytes together may be used to reconstruct the 
specific fault code (as . shown in the .Fault Code Dictionary. 
Storage Technology Standard Interface, PN 97712) with the 
following formula: 

3-digit fault code = (OS85 x 10 hex) + DSS6 

For example, when DSS5 = 32, and DSS6 = 11, the specific fault 
code is calculated as follows: 

32 hex x 10 hex 
PLUS . 
results in a 

= 320 hex 
11 hex 

331 hex specific fault code 

Thi.s fau.lt code is the same as appea·rs on the operator panel 
during machine operation. 

4.4.17Q3.3 ossa through DSS55 Description 

'These sense bytes hold status information bytes identified in the 
Faul t .Code Dictionary as A-O through C-F. Each 'information' byte 
(A-O, A-l, etc,) is located in a specific sense byte identified 
in Table 4-17. 

For example, if there is a reference in the Fault Code Dictionary 
to I Status A-8: Data Checks' this refers (according to Table 
4-17) to Sense Byte 16, where additional data pertinent to this 
error condition is stored. The type of additional information 
stored in A-Q through C-F depends on the type of error 
encountered. 
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Table 4-15. MTS Status (Sheet 1 of 2) 

DRIVE 
STATUS MTS STATUS BITS 
BYTES 
-DSS- P 7 6 5 4 3 2 1 0 

a WRTS EOTS BOTS 0 FPTS eWDS HDNS RDYS ONLS 

1 X 1 1 1 DO 1 0 M1 MO 

2 X 0 0 51 SO G3 G2 Gl GO 
- -- -- -- - . - -
.... . .... .- .. . - _ .. ..... .., ... -J I.. V X I T~ T? T1 I Tn I I 11 I I 1 n I I a 10 

4 X L7 L6 LS L4 L3 L2 L1 LO 

BYTES 5 - 55: Diagnostic Information 

5 Last Test Identifier 
6 Last Test Return Code 
7 Reserved 

8-23 Status A-O through A-F ( 16 bytes) 
24-39 Status B-O through B-F ( 16 bytes) 
40-55 Status C-O through C-F ( 16 bytes) 

BYTES 56 - 61: Error Recovery Information For Read/Write Errors 

56 X X X X X X X CACHE SYNC 
DATA MODE 
MODE 

57 X WRITE READ DT POSI- RETRY RETRY RETRY RETRY 
ERROR ERROR PARITY TION Bit 3 Bit 2 Bit 1 Bit 0 

Lost 
I 

58 X Number of Records which remain in the Buffer 
(may include a tape mark) 

59 X Record Number from BOT in error MSB 
(includes Tape MarKs) 

60 X Record Number from BOT in error 
61 X Record Number from BOT in error LSB 
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DRIVE 
STATUS 
BYTES 
-DSS- p 

Table 4-15. MTS Status (Sheet 2 of 2) 

MTS STATUS BITS 

7 6 5 4 3 2 1 o 
BYTES 62 - 65: Status Information At The Time Of First Error 

62 X Dead Tracks 7-0 at time of first Write or Read Retry 

63 X EDT BOT CACHE DATA DRIVE OVER- REJECT EPROM 
STATUS PARITY PARITY CHECK BUPER RUN ERROR 

ERROR 

64 X WTM 
CHECK 

UCE PARTIAL MTE CRC EDC 
RECORD ERROR 

VEL CACHE 
ERROR CRC 

ERROR 

65 X Diagnostic Aid Bits at time of 1st Write or Read Retry 

Bytes 66-87: Error History Since The Last Unload Or SNS Command 

66 X Read Forward Retry count since last unload or SNS 
67 X Read BacKward Retry count since last unload or SNS 
68 X Write Retry Count since last unload or SNS 
69 X Number of Records which had Read Retries 
70 X Number of Records which had Write Retries 
71 X Track a Errors (Number of records with TracK a dead) 
72 X Track 1 Errors (Number of records with TracK 1 dead) 
73 X Track 2 Errors (Number of records with Track 2 dead) 
74 X Track 3 Errors (Number of records with Track 3 dead) 
75 X Track 4 Errors (Number of records with TracK 4 dead) 
76 - X TracK 5 Errors (Number of records with Track 5 dead) 
77 X TracK 6 Errors (Number of records with Track 6 dead) 
78 X Track 7 Errors (Number of records with Track 7 dead) 
79 X Track P Errors (Number of records with TracK P dead) 
80 X CRC Error Count since last unload or SNS 
81 X Uncorrectable Error Count since last unload or SNS 
82 X Partial Record Count since last unload or SNS 
83 X Multiple Track Error Count since last unload or SNS 
84 X End of Data ChecK Count since last unload or SNS 
85 X Velocity Error Count since last unload or SNS 
86 X Cache eRe Error Count since last unload or SNS 
87 X Number of records successfully corrected 

I (Corrected Error without Data Check) 
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Table 4-16. Various Bits in D580-4 

D5B 1 • Bit 3: Distinguishes the 29xx series from the 19xx series. 

II 50 MTS Front Panel Oensit~ Select 

0 a Software select 
a 1 Unused 
1 a 1600 ( PE) 
1 1 6250 (GCR) 

DO Mrs Mode 

V IOVV \ r" J .. ~"n '''E\ 
1 6250 (GCR) 

M.1 MO MTS Capability 

a 0 50 IPS - PE/GCR 
1'\ ~ 50/100 IPS PEIGeR u I 

1 a Unused 
1 1 50/100 IPS PE/GCR 

w; th Cache Buffer 

11 T2 II TO Machine ~ 

1 0 1 0 2921 
1 0 1 1 2922 . 

L 11 - La CODE LEVEL 

G3 G2 §.1 GO G3 G2 §.1 GO Gap/Speed Se lect ion 

0 0 0 a - Not Used 1 a 0 o - 100 IPS, .6 PE, .3 GCR 
0 0 a 1 - 50 IPS 1 a 0 1 - 100 IPS~ e 9 PE; .6 GCR 

Start/Stop 
a a 1 0 - Spare 1 a 1 a - 100 IPS, 1 .2 PE, .9 GCR 
a 0 1 1 - Spare 1 0 1 1 - Spare 
0 1 0 o - Spare 1 1 0 o - Spare 
0 1 0 1 - Spare 1 1 a 1 - Spare 
0 1 1 a - Spare 1 1 1 a - Spare 
a 1 1 1 - Spare 1 1 1 1 - Spare 
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Table 4-17. A-O Through C-F Sense Bytes Cross Reference 

STATUS SENSE STATUS SENSE STATU.s SENSE 
CODE BYTE CODE BYTE CODE 8YTE 

A-O 8 8-0 24 C-O 40 
A-1 9 8-1 25 C-1 41 
A-2 10 B-2 26 C-2 42 
A-3 11 8-3 27 C-3 43 
A-4 12 8-4 28 C-4 44 
A-5 13 8-5 29 C-5 45 
A-6 14 B-6 30 C-6 46 
A-7 15 B-7 31 C-7 47 
A-8 16 8-8 32 C-8 48 
A-9 17 B-9 33 C-9 49 
A-A 18 8-A 34 C-A 50 
A-8 19 8-C 35 C-B 51 
A-C ·20 8-C 36 C-C 52 
A-D 21 8-0 37 c-o 53 
A-E 22 8-E 38 C-E 54 
A··F 23 8-F 39 C-F 55 
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CHAPTER 5 

INDUSTRY STANDARD INTERFACE 

5. 1 INTRODUCTION 

This chapter provides a description of the Industry Standard 
Interface circuits, defines the interface signals, and describes 
the user commands to the MTS. 

The MTS and user interface connections are shown in Tables 5-1 
and 5=2. The MTS and USER interface circuits are shown in rlgure 
5-1. The maximum allowable cable length from the user system to 
the last MTS in a chain is 40 feet (12.19 meters). 

The interface signal levels are: 

True = 0 
False = 1 

iRANSlVfr TTEO 
O.OV - O.4V 
2.4V - 5.0V 

RECEIVED 
O.OV - 0.8V 
2.0V - 5.0V 

The interface resistive termination for each signal is 330 ohms 
to ground and 220 ohms to +5 Vdc. The termination for each signal 
line is provided in the MTS or the user interface at each signal 
destination point. The termination includes a ground wire, 
connected in both the MrS and the user interfaces. Only the last 
MTS in a chain contains terminators. 

5.2 INPUT LINE DEFINITIONS 

The following input line definitions are for functional mode 
only. The timing specifications given refer to measurements made 
at the interface connectors. 
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5-2 

+5V 
SN7438 OR EQUIVALENT 

r----.., 
..J.. 

CUSTOMER TO MTS INTERFACE 

+5V 

220 

r----.., 
....J.. ..J.. 

SN7414 OR 330 
EQUIVA!.ENT SN7438 OR EQUIVALENT 

MTS TO CUSTOMER INTERFACE 

Figure 5-1. Standard Industry Interface Circuits 
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Table 5-1. Industry Standard Interface Input Lines 

I I I MTS CONNECTOR 

SIGNAL GROUND 
IDE~CRTnTTON (NE~ TRUE) 1M EMO Tci ;) .L I"" 11. \J. I IN NL N .• N o or 

Formatter Enable 
Comnand Offline 
Address Bit 1 
Formatter Address 
High Speed Select 

I Last 'Nnrrl _. -
Write Bit 4 
Start Conmand 
Write Bit 0 

IWrite Bit 1 

1"\ Spare .J 

Spare 2 
Corrrnand Bit 3 
Rewind To BOT 
Write Bit P 

Write Bit 7 
·Wr i te Bit 3 
Write Bit 6 
Write Bit 2 
Write Bit 5 

Corrrnand Bit 2 
Long Gap 
Command Bit 4 
Corrrnand Bit 1'1 u 
Command Bit 1-

Spare 1 
Address Bit 0 

* All gnd pins are 

95521 

FFEN J6 18 
FOFL 06 24 
FTADl 06 46 
FFAD 06 48 
FHISP 06 50 
.... , I. ....... I~ 1'\11 

I rLWU I u I I U'+ -

FW04 07 06 
FGO 07 08 
FWDO 07 10 
FWDl 07 12 

.17 14 - --- u, 

- - -- J7 16 
FREV J7 18 
FREW J7 20 
FWDP 07 22 

FWD7 07 24 
FWD3 J7 26 
FWD6 07 28 
FWD2 07 30 
FWD5 07 32 

FWRT 07 34 
FLGAP J7 36 
FEDIT 07 38 
FERASE .17 40 U I 

FWFM J7 42 

- - -- 07 44 
FTADO J7 46 

connected to a single gnd 

EC 23585 
Kit PN 83440 

PIN* 

17 
23 
45 
47 
49 
1'\1"\ 

05 
07 
09 
1 1 

13 
15 
17 
19 
21 

23 
25 
27 
29 
31 

33 
35 
37 
39 
41 

43 
45 

bus. 

I 
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Table 5-2. Industry Standard Interface Output Lines 

MTS CONNECTOR 

SIGNAL GROUND 
DESCRIPTION (NEG TRUE) MNEMONIC NO. PIN PIN* 

Read Bit P FROP J6 01 
Read Bit 0 FROO J6 02 
Read Bit 1 FR01 J6 03 
Load Point (BOT) FLOP J6 04 
Read Bit 4 FR04 J6 06 05 

Read Bit 7 FRD7 J6 08 07 
Read Bit 6 FR06 J6 10 09 
Hard Error FHER J6 12 1 1 
File Mark FFMK J6 14 13 
10 Burst FlO J6 16 15 

Read Bit 5 FR05 J6 20 19 
End Of Tape -FEOT J6 22 21 
Density Status FGCR J6 26 25 
Drive Ready FRDY J6 28 27 
Rewinding FRWD J6 30 29 

F i 1 e Protected FFPT J6 32 31 
Data Read Strobe FRSTR J6 34 33 
Data Wr i te Strobe FDWDS J6 36 35 
Data Busy FDBY J6 38 37 
High Speed Status FHSPD J6 40 39 

Corrected Error FCER J6 42 41 
Online Status FONL J6 44 43 
Formatter Busy FFBY J7 02 o 1 
Read Bit 2 FRD2 J7 48 47 
Read.Bit 3· FRD3 J7 50 49 

* All gnd pins are connected to a single gnd bus. 
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Table 5-3. Interface Connector J6 Pin Functions 

PIN MNEMONIC DESCRIPTION 

OJ 
02 
03 
04 
06 
08 
10 
12 
14 

I 16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 

FRDP 
FROG 
FRD1 
FLOP 
FRD4 
FR07 
FR06 
FHER 
FFMK 
FlO 
FFEN 
FR05 
FEOT 
FOFL 
GCR 
FRDY 
FRWD 
FFPT 
FRSTR 
FDWDS 
FOBY 
FHSPD 
FCER 
FONL 
FTADl 
FFAD 
FHISP 

Read Bit P 
Read Bit 0 
Read Bit 1 
Load Poi n t -( BOT) 
Read Bit 4 
Read Bit 7 
Read Bit 6 
Hard Error 
File Mark 
IO Burst 
Formatter Enable 
Read Bit 5 
End of Tape 
Coomand Offline 
Density Status 
Drive Ready 
Rewinding 
File Protect 
Data Read Strobe 
Data Write Strobe 
Data Busy 
High Speed Status 
Corrected Error 
Online Status 
Address Bit 1 
Formatter Address 
High Speed Select 

EC 23585 
Kit PN 83440 5-5 



Table 5-4. Interface Connector J7 Pin Functions 

PIN Mnemonic Oescr ipt ion 

02 FFBY Formatter Busy 
04 FLWO Last Word 
06 FW04 Write Bit 4 
08 FGO Start Coomand 
10 FWDO Write Bit 0 
12 FWD1 Write Bit 1 
14 - --- Spare 3 
16 ---- Spare 2 
18 FREV Conmand Bit 3 
20 FREW Rewind to BOT 
22 FWDP Write Bit P 
24 FWD7 Write Bit 7 
26 FWD3 Write Bit 3 
28 FWD6 Write Bit 6 
30 FWD2 Write Bit 2 
32 FWD5 Write Bit 5 
34 FWRT Conmand Bit 2-
36 FLGAP Long Gap 
38 FEOIT Conmand Bit 4 
40 FERASE Conmand Bit 0 
42 FWFM Conmand Bit 1 
44 - - -- Spare 1 
46 . FTADO Address B i· t 0 
48 FRD2 Read Bit 2 
50 FRD3 Read Bit 3 

5.2.1 MTS Address (FFAD, FTADO, FT AD 1 ) 

The MTS Address lines are decoded to select one of the four 
possible MTSs. (Table 5-5). Controller board switches, 
corresponding to the address lines, must be set to indicate MTS 
Address 0,1,2,or 3 to match the address lines coming from the 
host cpu or controller. The address lines from the host may be 
switched as long as the Formatter Busy (FFBY) and Data Busy 
(FDBY) lines are not set. The address must be stable one 
microsecond before any of the following conmand lines are 
activated: 

FGO (Start Command) 
FOFL (Conmand Offline) 
FREW (Rewind To BOT) 
FFEN (Formatter Enable) 

These lines must not be activated when switching machine address. 
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Table 5-5. MTS Address Line Decodes 

MTS ADDRESS LINES 

I SELECTED 
FFAD I FTADl I FTADO MTS I 
0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 

5.2.2 Initiate Command (FGO) 

The assertion of the Initiate Command line causes five user 
Command lines to be captured and the command operation to begin. 
All the command lines must be stable at the start of the FGO 
pulse and are clocKed in on the trailing edge of the pulse. The 
FGO pulse from the host must have a minimum one microsecond 
width. A commands decode table is given in the next paragraph. 
The commands themselves are described further down in this 
chapter. 

If the .FGO signal comes up while the the Formatter Address (FFAD) 
or Data Busy (FDBY) signal is sti 11 up, The new corrrna'nd is 
ignored and Command Overrun is set. The FGO signal is also 
ignored if the MTS is offline. 

5.2.3 Rewind To BOT (FREW) 

A pulse on this line causes the selected MTS to rewind to BOT. 
The drive drops the Ready (FRDY) signal and asserts the Rewind 
(FRWD) signal one microsecond after the leading edge of the FREW 
signal. The FREW signal must be held true for at least one 
microsecond. This signal is ignored if the MTS is offline and if 
the formatter is busy. 

5.2.4 Command Offline (FOFL) 

A pulse on this line causes the MTS to go offline and rewind. 
The drive drops the Ready (FRDY) signal one microsecond after the 
leading edge of the FOFL signal. The processor then drops Online 
Status (FoNL) and starts to rewind. After the rewind is complete, 
the tape is' unloaded. The FoFL line must be held true for at 
least one microsecond. This signal is ignored if the MTS is 
offline and if the formatter is busy. 
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5.2.5 Formatter Enable (FFEN) 

This signal enables MTS operations and is usually held true. If 
the line goes false; drive motion stops and the current conmand 
is terminated. 

Subsystem programmers should use this line only to terminate a 
run-away condition. There is no need to use this line as a 
'reset' to clear status lines, 'since all status lines are reset 
on the acceptance of a new command .. Using this line as a 'reset' 
between commands also forces repositioning between each command, 
thus causing slower subsystem performance. For system IPL, the 
drive only needs to be set online and rewound to SOT. 

This line is ignored if the MTS is offline. 

5.2.6 Last Word (FLWD) 

During a write command, this line is asserted with Write Bits 
0-7,P (FWD 0-7,p) to indicate that the character strobed with 
Write Strobe (FWDWS) is the last byte of the record. 

5.2.7 Write Data Lines (FWDO-7,p) 

These nine lines transmit data to the MTS. 
significant bit. 

FWDO is the most 

5.2.8 High Speed Select (FHISP) (2922 devices only) 

This line selects 100 IPS operation if true, and 50 IPS operation 
if not true. This line is asserted when a read or write conmand 
is issued. If the MTS is in the opposite speed when the command 
is issued, the unit will first change speed and then execute the 
command. 

5.2.9 Long Gap Select (FLGAP) (2922 devices only) 

When this line is asserted, an interblock gap of nominal plus 
+0.3 in. (+0.76 cm) is generated. When this line is not asserted, 
the gap is nominal. This line has effect in dat.a streaming mode 
(100 IPS mode) only. 

5.2.10 Comfl)and Select Lines (CMDO, 1,2,3, and 4) 

The five Command Select lines are decoded in the MTS and cause 
one of 21 command operations, 15 functional commands and 6 
diagnostic commands. These lines must be stable when the FGO 
line is asserted .. Command line decodes are given in Tables 5-6 
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and 5-7. Detailed description of the commands are given further 
down in this chapter. 

I 

Table 5-6. Functional Command lines Decodes 

CMD4 ICMD31CMD2 CMDl CMDO MNE-
FEDIT FREV FWRT FWFM FERASE MONIC COMMAND 

a 0 0 0 0 RDF Read Forward 
0 1 0 0 0 RDR Read Reverse 
1 1 0 0 1 RDS Read Sense 

n n 1 0 0 WRT Write v \J 

0 a 1 1 0 WFM Write File Mark 
0 1 1 1 0 WRE Write Extended 

0 0 1 0 1 

I 
ERV Controlled Erase 

a a 1 1 1 ERF Fixed Erase 
1 0 1 1 1 ERT Data Security Erase 

0 a 0 a 1 SPF Space Forward 
0 1 a a 1 SPR Space Reverse 

0 0 0 1 1 FSF File Search Forward 
(ignore data) 

a 1 0 1 . 1 FSR File Search Reverse 
( ignore da ta) 

1 a a 1 1 SPE Select PE 
1 1 0 1 1 GCR Select GCR 

Table 5-7. Diagnostic Command Lines Decodes 

CMD4 CMD3 CMD2 CMD1 
FEDIT FREV FWRT FWFM 

0 1 1 0 
0 1 1 1 
1 a 0 0 

1 0 0 0 
1 1 1 0 
1 1 1 1 
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CMDO MNE-
FERASE MONIC COMMAND 

0 
1 
0 

1 
1 
1 

INV Invoke Diagnostics 
LWR Loop Write To Read 
INS Initiate Status Sequencer 

WRAP Command To Status Wrap 
EXS Read Extended Sense 
LOOP Data Loopback 
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5.3 OUTPUT SIGNAL DEFINITIONS 

The following output line definitions are for functional mode 
only. The timing specifications given refer to measurements made 
at the interface connectors. 

5.3.1 Formatter Busy (FFBY) 

This line is used to indicate that a command is being processed. 
It goes true within one microsecond after the leading edge of the 
FGO line. The FFBY line remains true until the full completion of 
the present command. . 

5.3.2 Data Busy (FDBY) 

When this line goes true, it indicates that the data transfer 
part of a coomand taKes place, and data is exchanged. This line 
goes false upon the completion of data transfer. When the line 
goes false, tape motion has not stopped yet, but a new command 
can be received; the new command, if received, is processed after 
completion of the last command. 

When this line goes false and before a new command is asserted, 
the host must examine for the presence of the Hard Error (FHER) 
line in order to determine whether to retry the last command or 
send a new one. 

The FDBY line is MTS microprocessor controlled. While this line 
is asserted, no new command may be issued. 

5.3.3 Identification Burst (FlO) 

This line is asserted by the MTS to indicate to the host that an 
identification burst (10 Burst) procedure is being performed by 
the MTS. The FLO line is asserted from Beginning Of Tape (BOT) 
marKer during read or write operations. 

During write operations, the 10 Burst procedure writes a PE or 
GCR tape identification burst at BOT, depending on what mode the 
MTS is instructed to be in, before writing starts. 

During read operations, the 10 Burst procedure identifies the 
type of data on tape (PE or GCR) from the 10 Burst written on 
tape, then sets the MTS to the proper mode before reading of data 
starts. 

The FLO and GCR (later described) lines together indicate to the 
host the mode the MTS is in, PE or GCR. 
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5.3.4 Hard Error (FHER) 

If an error is detected while the MTS is busy, this line is 
pulsed low. When the MTS becomes not busy, this line remains a 
solid low. See the description of sense bytes in this chapter. 

5.3.5 File Mark Detected (FFMK) 

This line is pulsed while Data Busy (FDBY.) is asserted in a read/ 
write operation, when a tape marK pattern is being detected. 

5.3.6 Corrected Error (FCER) 

When correcting an error, A series of pulses are asserted on this 
line. When Data Busy (FDBY) becomes unasserted, FCER stays a 
solid low, but is reset prior to the next record. 

The type of read error corrections indicated by this line are as 
follows; 

• A single tracK error correction during PE Read, 

• A single tracK PE error correction after read bacK checK 
during write, 

• A single or double tracK error correction during GCR Read, 

• A single or double tracK GCR error correction after read bacK 
checK during write. 

5.3.7 Ready (FRDY) 

This line when asserted indicates that the MTS is ready to accept 
a read or write type command. This is the case when the tape is 
loaded, is not rewinding and is not in Machine ChecK status. 

5.3.8 Online (FONL) 

This line is asserted when the MTS is online and ;s able to 
communicate bacK to the host. If the MTS is offline, all other 
status bacK to the host is unasserted. 

5.3.9 Rewind (FRWD) 

When this line is asserted, it indicates to the host that the MTS 
is rewinding to BOT. 
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5.3.10 End Of· Tape (FEOT) 

This line is asserted when the EDT marker is detected, and stays 
asserted past the EDT marker, indicating that the -tape is within 
the end of the recording area. EDT status is reset when the EDT 
marker is detected in backward or rewind mode. 

5.3.11 File Protect (FFPT) 

When this line is asserted, it indicates that the mounted file 
reel does not contain a write enable ring, and that no write 
operation can take place. 

5.3.12 Load Point (FLDP) 

When this line is asserted, it indicates that the tape is loaded 
and positioned at BOT. 

5.3.13 High Speed Streaming (FHSPD) 

When this line as asse~ted, it indicates that the selected MTS is 
in the streaming, 100 IPS mode. When this line is not asserted, 
the drive is in the Start/Stop, 50 IPS mode. (2922 Model Drives 
only) 

5.3.14 High Density Status (GCR) 

When this line is asserted, it indicates that the selected drive 
is in the GeR, 6250 BPI mode. When this line is not asserted, the 
d rive i sin the P E, 1 600 BPI mode. 

5.3.15 Demand Write Data Strobe (FDWDS) 

A pulse is asserted on this line for each character to be written 
on tape. It functions somewhat differently for 50 IPS and 100 IPS 
operations, as described below. 

5.3.15.1 FDWDS TIMING, 50 IPS OPERATIONS 

The first data character must be available on the data input 
lines no later than ten microseconds after the Data Busy (FDBY) 
signal has been asserted. The succeeding characters must be 
placed on the data input lines within 0.7 microseconds of the 
trailing edge of FDWDS. The FDWDS signal has a pulse width of 1.0 
to 1.2 microseconds and a minimum period of two microseconds. 
(Figure 5-2). 
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FGO~ ________________________________________________ ___ 

FFBY 

FDBY 

WRITE 
DATA 

BUS 

FLWD 

I ! 
I I 

I I 
~WDS __ ~~ ____ ~ __ ~ ____ ~ 

" J 

J 
I 

t~ 
I - I 

12128 A 

Figure 5-2c -Interface Timing For 50 IPS Start Stop, Worst Case 

5.3.15~2 FDWDS TIMING, 100 IPS OPERATIONS 

The first data character must be available on the data input 
lines no later than ten microseconds after the Data Busy (FDBY) 
signal has been asserted. The succeeding characters must be 
placed on the data input lines within 0.3 microseconds of the 
trailing edge of FDWDS. The FDWDS signal has a width of 0.4 to 
0.6 microseconds and a minimum period of one microsecond. (Figure 
5-3) . 

5.3.16 Read Data Strobe (FRSTR) 

A pulse is ass~rted on this line for each character of read 
information to be transmitted to the host controller interface 
and is used to sample the read data lines. This line acts 
somewhat differently for 50 IPS and 100 IPS operations as 
described below. 

Note that the strobe is swi tched from hardware ·to software 
control during a Read Sense command. 
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FGO~ ________________________________________________ _ 
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I--T13 -

T2 
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Figure 5-3.- Interface- Timing For 100 IPS Streaming, Worst Case 

5.3.16.1 FRSTR TIMING, 50 IPS OPERATION 

In 50 IPS operations the FRSTR signal has a pulse width of 0.75 
microseconds and a minimum period of two microseconds. Data is 
valid 0.3 microseconds before the read strobe (Figure 5-2). 

5.3.16.2 FRSTR TIMING, 100 IPS OPERATION 

In 50 IPS operations the FRSTR signal has a pulse width of 0.40 
microseconds and a minimum period of one microseconds. Data is 
valid 0.3 microseconds before the read strobe (Figure 5-3). 

5.3.17 Read Data Lines a-7,p (FRDO-7, p) 

These nine lines transmit data from the MTS to the customer 
controller. Each character read from tape is available by 
sampling these lines in parallel with the read data strobe 
(FRSTR). FRDO is the most significant bit of data. 

The read data lines FRDO-7,P are also used to transmit the eight 
bytes of sense information when the ~ead Sense command is issued. 
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5.4 COMMAND LINES DECODES - FUNCTIONAL COMMANDS DESCRIPTION 

The function of the five command lines (CMDO-4) has been 
previously described (Table 5-6). A detailed description of the 
decoded functional commands follows. 

5.4.1·,Read Forward Command (00000) 

The Read Forward command causes tape to be moved in the forward 
direction to read a block of data. Non-data characters are 
detected, decoded, checked for validity, and used for their 
specific purposes, but are not transferred across the interface. 
Data is transferred until End Of Data is detected. The Last Word 
(FLWD) line is ignored if issued during a read operation. 

5.4.2 Read Reverse Command (01000) 

The Read Reverse command causes tape to be moved in the reverse 
direction to read a block of data. Non-data characters are 
detected, decoded, checked for validity, and used for their 
specific purposes, but are not transferred across the interface. 
Data is transferred until End Of Data is detected. The Last Word 
(FLWD) line is ignored if issued during a 'read operation. 

When the 50 IPS Read Reverse operatlon is completed the read head 
is positioned in the Inter Block Gap (IBG) preceding the data 
blocK. 

When the 100 IPS, streaming mode, Read Reverse operation is 
completed, positioning of the read head in the IBG is not 
guaranteed. 

5.4.3 Write Command (00100) 

The Write command causes tape to be moved in the forward 
direction and the following to taKe place; 

1. The ending portion of the preceding IBG is written, 

2. The data blocK is written and simultaneously read and checked 
for va 1 i d i ty, 

3. The beginning portion of the next IBG is generated 

Non-data characters of the data blocK are automatically 
generated, encoded, formatted and written. Data characters to be 
written arrive from the interface, are automatically encoded, 
formatted, and written. 

The overall write command execution sequence is as follows; 
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1. User asserts the Write command and the FGO line, 

2. MTS acKnowledges FGO by asserting Formatter Busy (FFBY), 

3. MTS acKnowledges Write by asserting Data Busy (FoBY) and 
starts motion, 

4." MTS asserts Data Write Strobe (FoWoS) pulses until user 
asserts Last Word (FLWo); the host does not respond - data is 
assumed to be correct and on time, 

5. MTS continues to move tape to perform read back check. When 
data transmission and status accumulation are completed, the 
MTS drops FoBY to enable user to read the status and issue 
the next command, 

6. If the user does not issue a new command, the drive stops and 
FFBY is dropped. 

5.4.4 Write File Mark Command (00110) 

This command causes tape to move forward and a tape mark block to 
be wr it ten and checked for va 1 idity. Two retr ies are 
automatically done. 

5.4.5 Write Extended Command (01110) 

This command allows the host to- change the Inter Block Gap (IBG) 
length for streaming mode operations (100 IPS). The command 
requires a one byte write transfer to completely define the 
operation. Formatter Busy (FFBY) and Data Busy (FDBY) remain 
asserted throughout the transfer. The byte sent defines the gap 
size selection as follows; 

00 hex = nominal IBG 
01 hex = nominal IBG + 0.3 in. (0.76 cm) 
02 hex = nominal lBG + 0.6 in. (1.52 cm) 

When a gap length has been selected by the Write Extended 
command, Long Gap (FLGAP) is ignored until the gap has been set 
back to nominal by another Write Extended command. 

5.4.6 Fixed Erase Command (00111) 

This command causes tape to move forward and the following 
lengths of tape to be erased; 
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P E = 3. 6 in. (9. 1 4 cm) nom ina 1 
GCR = 3.4 in. (8.64 cm) nominal 
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Our i ng the er ase oper a t ion, read checKs are per formed . to ver i fy 
that erasure tooK place. If read signals are detected, Data ChecK 
is asserted in Status Byte O. 

5.4.7 Controlled Erase Command (00101) 

This command causes the MTS to move and erase tape continuously 
until the Last Word signal from the user is asserted. This 
terminates the erase operation. 

When the erase command is given from BOT, an 10 Burst is written 
before erasing starts. 

5.4.8 Data Security Erase Command (10111) 

This command causes the MTS to erase tape from its present 
position to a position approximately ten feet (3.05 meters) past 
the End Of Tape (EDT) marKer. 

When the erase command is given from BOT, an 10 Burst is written 
before eras~ng starts. 

5.4.9 Space Forward Command (0000 1 ) 

Th'i s corrrnand causes tape to move for'ward and pass over one blocK 
of data. If no new command is given while Formatter Busy (FFBY) 
is still asserted Data Busy (FOBY) is false, the read head is 
positioned in the lBG following the data blocK. No data 
characters are checKed for validity or transferred across the 
interface. 

5.4.10 Space Reverse Com mand (01001) 

This command causes tape to move bacKward and pass over one blocK 
of data. If no new command is given while Formatter Busy (FFBY) 
is still asserted Data Busy (FOBY) is false, the read head is 
positioned in the lBG preceding the data blocK. No data 
characters are checKed for validity or transferred across the 
interface. 

5.4.11 File Search Forward Command (Ignore Data) (00011) 

This command causes tape to move forward, passing over each data 
block encountered until a Tape Mark blocK is detected. Tape 
motion is halted with the read head positioned in the lBG 
following the tape marK. No data characters are checKed for 
validity or transferred across the interface. 
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5.4.12 File Search Reverse Command (Ignore Data) (O 1 011 ) 

This command causes t~pe to move backward, passing over each data 
block encountered until a Tape Mark block is detected. Tape 
motion is halted with the read head positioned in the lBG 
preceding the tape mark. No data characters are checked for 
validity or transferred across the interface. 

5.4.13 Select PE Command. (10011 ) 

This command is issued by the host to put the MTS in PE mode. 
The dropping of Formatter Busy (FFBY) indicates completion of the 
command. This command is only accepted when the drive is unloaded 
or loaded and at BOT. 

5.4.14 Select GCR Command (11011) 

This command is issued by the host to put the MTS in GCR mode. 
The dropping of Formatter Busy (FFBY) indicates completion of the 
command. This command is only accepted when the drive is unloaded 
or loaded and at BOT. 

5.4.1-5 Read Sense Command (11001) 

This command is issued by the host in order to retrieve the sense 
information accumulated in the MTS registers. Eight sense bytes 
are issued. See next heading for sense bytes descriptions. 

5.5 DETAILED FUNCTIONAL SENSE BYTES DESCRIPTION 

Eight sense bytes are retrieved from the MTS in response to the 
Read Sense (11001) command from the host. The processor puts the 
first byte of data on the read bus, not including the parity bit, 
then pulses the Read Strobe ((FRSTR) line. The next byte is then 
put on the read bus and the FRSTR is pulsed again. This sequence 
is repeated until all eight bytes have been transferred to the 
host or controller. The status bytes defined below are listed in 
bit order 0 to 7. The 0 bit represents the most significant bit 
of data and is transferred on FROO. Odd parity is sent with each 
sense byte to ensure data integrity. A description of all the 
sense bytes bits follows. 
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5.5.1 Sense Byte a (Faults, Mode And Not Ready) 

BIT MEANING 
a Corrmand I 11 ega 1 

Not Ready 
2 Drive Type 

3 Equipment ChecK 

4 Data Check 

c:: Conmand Overrun ':,j 

6 Unit ChecK 

7 Unit Exception 

DESCRIPTION 
Set when the MTS receives an illegal 

comnand 
Set when the MiS is not ready 
Set when the MTS has the 100- IPS data 

streaming feature. reset when the MTS i$ 50 
IPS Start/Stop , 
Set when the MTS has a fault code on the 

operator display panel. 
Set when the Mrs has detected one or more 

of the error conditions in Sense Byte 3 and 
Bits 0,1 or 2 of Sense Byte 4 
Set if a command was received while Data 

Busy (FOBY) is true. Also sets Sense Byte 
0, Bit a 
Set when Bit 0,1,3,4 or 5 of Sense Byte 0 

is set . '-. 
Set when error correction is performed 

during a read operation (Bits 0, 1 or 2 in 
Sense Byte 4) 

5.5.2 Sense Byte 1 (Last Command-Issued) 

BIT MEANING DESCRIPTION 
0 Corrrnand Bit 7 Spare 1· 
1 Coomand Bit 6 High Speed Select 
2 Coornand Bit 5 Long Gap 
3 Corrmand Sit 4 Edit 
4 Corrrnand Bit 3 Reverse 
r- Corrrnand 6 i t 2 Write :> 
6 Corrrnand Bit 1 Write File MarK 
7 Corrrnand Sit 0 Erase 

5.5.3 Sense Byte 2 (Tape Status) 

BIT MEANING 
0 Backward Status 
1 On Line 
2 Rewinding 
3 File Protected 
4 GCR Density 
5 100 IPS Streaming 
6 Beginning Of Tape 
7 End Of Tape (EDT) 
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(BOT) 

EC 23585 
Kit PN 83440 5-19 



5.5.4 Sense Bytes 3 And 4 (Hard Errors) 

5.5.4.1 SENSE BYTE 3 

BIT MEANING 
o Write Tape Mark Check 
1 Uncorrectable Error 
2 Partial Record 
3 Multiple Track Error 
4 Spare (always zero) 
5 End Of Data Check 
6 Velocity Error 
7 CRC Error 

5.5.4.2 SENSE BYTE 4 . 

BIT MEANING 
o BOT Reached 
1 PE Postamble Error 
2 Single Track Error in PE Write 
3 Spare (always zero~ 
4 Command Reject; command could not be completed - see reject 

codes in Sense Byte 5 
.5 Bus Parity Error 
6 Operati.on Incomplete 
7 Overrun· Error 

5.5.5 Sense Byte 5 (Reject Status) 

BIT MEANING 
o Diagnostic Mode Set (MSB) 
1 Spare (always zero) 
2 Reject Code Bit 5 
3 Reject Code Bit 4 
4 Reject Code Bit 3 
5 Reject Code Bit 2 
6 Reject Code Bit 1 
7 Reject Code Bit a (LSB) 

Table 5-8 shows the decodes for Reject Code Bits 0-5. 

5.5.6 Sense Byte 6 (Corrected Error And Dead Track P) 

Sense Byte 6 contains the corrected error status information. If 
the Corrected Error Status line (FCER) is set, either Bit 0, 1, 
or 2 in Sense Byte 6 is also set. 
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BIT MEANING 
·0 Single tracK in PE Read corrected 
1 Single TracK in GCR Read corrected 
2 Double tracK in GCR Read corrected 
3 Nominal gap +0.3 in. (0.76 cm) selected by last Write 

Extended (WRE) command 
4 Nominal ~ap +0.6 in. (1.52 em) selected by last Write 

Extended (WRE) command 
5 Spare (always zero) 
6 Spare (always zero) 
7 Dead TracK P (.also see Sense Byte 7) 

5.5.7 Sense Byte 7 (Dead Track register) 

BIT MEANING 
o Dead Track 0 
1 Dead Track 1 
2 Dead Track 2 
3 Dead Track 3 
4 Dead Track 4 
5 Dead Track 5 
6 Dead Track 6 
7 Dead TracK 7 

.5.6 COMMAND LINES DECODES - DIAGNOSTIC COMMANDS DESCRIPTION 
. . 

'The function of the five command lines (CMDO-4) is described 
previously in this chapter under input signal definitions (Table 
5-7). Detailed descriptions of the decoded commands follows. 

5.6.1 Invoke Diagnostics (01100) 

This command allows the host to invoke the resident diagnostics 
and specify run-time options. It requires a 2-byte write transfer 
to completely define the operation. Formatter Busy (FFBY) and 
Data Busy (FDBY) remain asserted throughout the 2-byte transfer 
and the subsequent diagnostic execution. The two bytes 
transferred define the operation (first byte and options (second 
byte) as follows: 
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1st byte = 01: 

02: 
2nd byte = 00 

run complete diagnostic package 
(unloads drive) 
run loaded diagnostic subpackage 
no opt ion 
(all other values reserved) 
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Table 5-8. Reject Codes (Sheet 1 of 2) 

REJECT 
CODE 

(HEX) DESCRIPTION 

.,.. ; 

1 The MTS is not in Ready Status. 

2 Reserved 

3* Reserved 

4 Reserved 

5 The MTS is in File Protect Status when a write-type 
command is attempted. 

6* The MTS did not go to Erase Status only. 

7 Illegal Command Sequence 

8* The MTS did not go to Read Status. 

9* The MTS is unable to read a PE or GCR 10 burst either 
during a read operation or during a read check while 
writing the 10 burst. 

A Reserved 

B Reserved 

C* The MTS did not go to Write Status. 

o Reserved 

E Reserved 

F* Noise (possibly data) was detected during an Erase 
Gap command or during a Write command following a 
read-type command. 

10* The MTS is in Write Overrun Status at EDT. 

11* The MTS reset Ready Status. 

12 Reserved 

* OP INC is also set 
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REJECT 
CODE 

(HEX) 

13 

Table 5-8. Reject Codes (Sheet 2 of 2) 

DESCRIPTION 

A bacKward-type command (except a 
rewind/unload command) was given, 
already positioned at BOT. 

rewind or a 
but tape was 

I Th~ ARA BURST porrlon of the GCR IO-burst 
written did not have all nine tracKs active. 

;II~+ 
J'"'~" I 

15* An lBG longer than 25 feet in PE mode or longer than 
15 feet in GCR mode was detected on a read or 
space-type command. 

16 More than one speed change requested without an 
intervening motion command. 

17 Reserved 

18* The MTS is not in the recording density selected. 

19 LWR attempted when tape loaded and positioned off BOT 

1A* No tape motion. 

1B* During a readbacK checK of a write operation, data 
was detected in an IBG area. 

1C Reserved 

10* The MTS attempted to bacKspace over a bad record just 
written but was unable to detect the record. 

1E* The ARA 10 burst was unreadable during a GCR write 
conmand. 

1F* During the readbacK checK of a write or write tape 
marK command, no data was detected. 

* OP INC is also set. 

95521 
EC 23585 

Kit PN 83440 5-23 



5.6.1.1 RUN DIAGNOSTIC PACKAGE (BYTE 1 = 01) 

This operation invoKes the execution of all internal diagnostics. 
This includes power up (not including memory test), Loop Write to 
Read, Transport, and Read/Write diagnostics. Formatter Busy 
(FFBY) is reset when tests are completed or an error is detected. 
At this time status may be retrieved (see Read Extended command) 
to determine completion status. 

5.6.1.2 RUN LOADED DIAGNOSTICS (BYTE 1 = 02) 

This operation invoKes the execution of all diagnostics 
executable on a loaded transport, and which do not require 
unloading of the MTS. These include Loop Write to Read, 
Transpor t, and Read/Wr i te di agnos tics. Forma t ter Busy (F FSY) is 
reset when test are completed or an error is detected. At this 
time status may be retrieved (see Read Extended command) to 
determine completion status. -

5.6.2 Loop Write to Read (0 1111 ) 

ihis command provides a means of testing the read and write data 
circuit paths within the MTS. Read signals are looped within the 
MTS from the write circuits to the read circuits. Np tape motion 
taKes place during the execution of this c~and. This command is 
not allowed if tape is loaded and positioned away from Beginning 
Of Tape (BOT). Errors, if any, are repor ted the same as if a 
normal write command tooK place. If the command is issued with 
the tape loaded and not at BOT, a REJECT will result. 

5.6.3 Initiate Status Sequencer (10000) 

This operation initiates and sequences the status line test 
portion of the interface test. Following the initial Initiate 
Status Sequencer (ISS) command (at which time FGO is also 
asserted), all status except Online Status (FONL) is reset. Each 
subsequent assertion of FGO results in the setting of a single 
status line in addition to FONL, and the resetting of Formatter 
Busy (FFBY). The order of status assertion is shown in Table 5-9. 

To complete this test, the user may issue the 14th FGO (the 
command sent with FGO will not be performed), or reset the 
subsystem by dropping Formatter Enable (FFEN). Note that the 
subsystem must be reset should the testing stop in mid-sequence. 
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iFGO NO. 

I 1 

I ~ 
4 
5 
6 
7 
8 
9 

I 10 
11 
12 
13 
14 

Table 5-9. Status Line Assertion for ISS Command 

I lnltlal ruU, al I sea us except FONL is reset 
ID Burst (FlO) 
Data Busy (FOBY) 
Hard Error (FHER) (+ FDBY; 2921 & 2922 
File MarK (FFMK) 
Corrected Error (FCER) (+ FOBY; 2921 & 2922) 
End Of Tape (FEaT) 
Load Point (FLOP) 
File Protected (FFPT) 
High Speed (FHSPO) 
Density Status (FGCR) 
Formatter Ready (FROY) 
Rewinding (FRWO) 
normal (no action on command 

5.6.4 Command to Status Wrap (1000 1 ) 

This operation initiates a continuous wrapping of incoming 
command lines to outgoing status lines. This allows the host to 
verify"functionality of command lines via the status lines. The 
transfer of command to statu~ lines occurs following each FGO and" 

. is completed with the reset of Formatter Busy (FFBY) 0 The 
command to status lines mapping is shown in Table 5-10. 

Table 5-10. Status Line Assertion For Diagnostic Wrap Mode 

INCOMING COMMAND LINES 

Command 0 (FERASE) 
Command 1 (FWFM) 
Command 2 (FWRT) 
Command 3 (FREV) 
Command 4 (FEDIT) 
Long Gap (FLGAP) 
High Speed Select (FHISP) 
Spare 1 
Spare 2 
Command Offline (FOFL) 
Rewind To BOT (FREW) 
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IMAPPED TO STATUS LINES 

10 Bur s t (F 10) . 
Data Busy (FOBY) 
Hard Error (FHER) (+ FDBY;2921/22) 
File Mark (FFMK) 
Corrected Err (FCER) (+ FDBY;2921/22) 
Load Point (FLOP) 
File Protected (FFPT) 
High Speed (FHSPD) 
Density Status (FGCR) 
Drive Ready (FRDY) 
Rewinding (FRWD) 
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Since Command 0 (FERASE) and Command 4 (FED1T) are active to 
initiate this operation, the 1D Burst (FID) and "Corrected Error 
IFCER) lines are initially asserted. In subsequent commands, 
however, any combination of command lines may be activated with 
each assertion of FGO, with resulting output on the status lines. 
The subsystem remains in this diagnostic mode until Formatter 
Enable (FFEN) is dropped (subsystem reset). To enable FRDY, 
pu 1 se FOFL between GO pu 1 ses (do not ho ld FOFL act i ve). I. change 
off 

5.6.5 Data Loopback (1111) 

This operation wraps diagnostic write data back to the read bus 
with no tape motion. Data is transferred (via the Data Write 
Strobe -FOWDS- request) until Last Word (FLWO) is asserted. 
Following each FOWOS, a Data Read Strobe (FRSTR) transfers an, 
identical data byte back to the coupler on the read data lines. 
If even parity is detected on the write data lines. it is 
regenerated on the Read Bit P (FROP) line, allowing host 
verification of the parity checking circuits. 

5.6.6 Read Extended Sense (11101) 

This command allows the reading of status specifically for use by 
an ex ter na'l dj agnos tic pacKage. Th is command i s norma 11 y ,i s sued 
following the, invocation and completion of internal diagnostics 
via the Invoke Diagnostics command. This command transfers 56 
status bytes with normal Read Sense command protocol. The sense 
bytes are summarized in Table 5-11 and explained below. 

Table 5-11. Diagnostic Sense Bytes Summary 

SENSE BYTES 

OSBO 
DSB1 
DSB2 
DSB3 
OSB4-7 
DSB8-23 
OSB24-39 
OSB40-55 

5-26 

SENSE BYTE DEFINITION 

Microcode revision (MSBs) 
Microcode revision (LSBs) 
Last internal diagnostic executed 
Return code from last diagnostic 
Reserved 
Status A-a 
Status 8-0 
Status C-O 

through A-F ( 16 
through B-F ( 16 
through C-F ( 16 

EC 23585 
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bytes) 
bytes) 
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5.7 DETAILED DIAGNOSTIC SENSE BYTES DESCRIPTION 

The Read Extended Sense command can retrieve the 56 sense bytes 
summarized in Table 5-11 above, and explained in the following 
paragraphs. 

5.7.1 OS80 and OS81 Description 

These two sense bytes together indicate the operational and 
diagnostic code level installed in the MTS. DS80 holds the Most 
Signi·ficant Bi ts (MSBs) and DSB1 holds the Least Significant Bi ts 
( LSBs) . 

5.7.2 OS82 and OS83 Description 

These two sense bytes 
Fault Code Dictio~ary 
formula: 

together may be 
specific fault 

used to 
code by 

reconstruct the 
the following 

3-digit fault code = (DSB2 X 10 hex) + DSB3 

For example, when oS82· = 32 and oSB3 = 11, 
code is calculated as follows: 

32 hex X 10 hex = 
PLUS 

320 hex 
11 hex 

the specific fault 

results in a 331 hex specific fault code 

This fault code is the same as appears on the operator panel 
during machine operation. 

5.7.3 OS88 Through DSB55 Description 

These sense bytes hold status information bytes identified .in the 
Fault Code Dictionary as A-O through C-F. Each information byte 
(A-O, A-1, etc.) is located in a specific sense byte identified 
in Table 5-12. 

For example, if there is a reference in the Fault Code Dictionary 
to I Status· A-8: Data Checks' this refers (according to Table 
5-12) to Sense Byte 16, where additional data pertinent to this 
error condition is stored. The type of additional information 
stored in A-O through C-F depends on the type of error 
encountered. 
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Table 5-12. A-O Through C-F Sense Bytes Cross Reference 

STATUS SENSE STATUS 
CODE BYTE COD-E 

A-O 8 8-0 
A-1 9 8-1 
A-2 10 8-2 
A-3 11 8-3 
A-4 12 8-4 
A-5 13 8-5 
A-6 14 8-6 
A-7 15 8-7 
A-8 16 8-8 
A-9 17 8-9 
A-A 18 8-A 
A-8 '19 8-8 
A-C 20 8-C 
A-O 21 8-0 
A-E 22 8-E 
A-F 23 8-F 
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SENSE 
BYTE 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
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STATUS 
CODE 

C-O 
C-1 
C-2 
C-3 
C-4 
C-5 
C-6 
C-7 
C-8 
C-9 
C-A 
C-8 
C-C 
c-o 
C-E 
C-F 

SENSE 
BYTE 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
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REJECT 
CODE 

Table 5-1~. Reject Codes (Sheet 2 of 2) 

(HEX) DESCRI~TION 

13 A backward type command (except a Rewind or a Rewind/ 
Unload command) was given, but tape was already 
positioned at BOT. 

14* The ARA BURST portion of the GCR IO burst just written 
did not have all nine tracks active. 

15* An IBG longer than 25 feet in PE mode or longer than 
15 feet in GCR mode was detected on a Read or Space 
conmand. 

16 More than one speed change requested without an 
intervening motion cormland. 

17 Reserved 

18* The MTS is not in the recording density selected. 

19 LWR attempted when tape loaded and positioned off BOT 

1A* No tape motion. 

18* O~ring a read back check of a write operat~bn9 data 
was detected in an lBG area. 

1C Reserved 

1D* The MTS attempted to backspace over a bad record just 
written but was unable to detect the record. 

1E* The ARA 10 burst was unreadable during a GCR Write 
conmand. 

1F* During the read back check of a Write or Write Tape 
Mark conmand, no data was detected. 

* Operation Incomplete is also set (sense byte 4, bit 6). 
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Table 5-13. Read Controller Sense (Sheet 1 of 2) 

BIT DEFINITIONS 
BYTE 
NUMBER 7 6 5 4 3 2 1 0 

BYTES 0 - 5: Error Recovery Information For Read/Write Errors 

0 X X X X X X CACHE SYNC 
DATA MODE 
MODE 

1 WRITE READ DT POSI- RETRY RETRY RETRY RETRY 
ERROR ERROR PARITY TION Bit 3 Bit 2 Bit 1 Bit 0 

Lost 

2 Number of Records which remain in the Buffer 
(may include a tape mark) 

3 Record Number from BOT in error MSB 
(includes Tape Marks) 

4 Record Number from BOT in error 
5 Record Number from BOT in error LSB 

BYTES 6 - 9: Status Information At The- Time Of- First Error 

6 Dead Tracks 7-0 at time of first Write 9~ .Read Retry 

7 EDT BOT CACHE DATA DRIVE OVER- REJECT EPROM 
STATUS PARITY PARITY CHECK SUPER RUN ERROR 

ERROR 
I -

8 
.. 

WiM UCE PARTIAL MTE CRC EDC VEL CACHE 
CHECK RECORD ERROR ERROR CRC 

ERROR 

9 Diagnostic Aid Bits at time of 1st Write or Read Retry , .1 1 j 1 , , 
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BYTE 
NUMBER 

BYTES 

10 
11 
12 
13 
14 
1C:; 
'v 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
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Table 5~.13. Read Controller Sense (Sheet 2 of 2) 

BIT DEFINITIONS 

10-31: Error History Since The Last Unload Or SNS Comnand 

. Read Forward Retry count since last unload or SNS 
Read Backward Retry count since last unload or SNS 

. Write Retry Count since last unload or SNS 
Number of Records which had Read Retries 
Number of Records which had Write Retries 
T ... "!l_U 

n c ___ ",_ 
I I •• _l-_~ 

_~ ______ 1_ ...... - 0 i I I i g~n v &..1 I VI ~ \ NUIIL1t::1 OT recorcs Wl rn I racK _ dead I 

Track 1 Errors (Number of record~ with Track 1 dead) 
Track 2 Errors (Number of records with Track 2 dead) 
Track 3 Errors (Number of records with Track 3 dead) 
Track 4 Errors (Number of records with Track 4 dead) 
TracK 5 Errors (Number of records with T~acK 5 dead) 

. TracK 6 Errors (Number of records with Track 6 dead) 
Track 7 Errors (Nurroer of records with TracK 7 dead) 
Track P Errors (Number of records with Track P dead) 
CRC Error Count since last unload or SNS 
Uncorrectable Error Count since last unload or SNS 
Partial Record Count since last unload or SNS 
Multiple TracK Error Count since last unload or SNS 
End of Data ChecK Count since last unload or" SNS 
Velocity Error Count since last unload or SNS 
Cache CRe Error Count since last unload or SNS 
Number of records successfully corrected 
(Corrected Error without Data ChecK) 
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5.6 INTERNAL DIAGNOSTICS 

The subsystem diagnostic package includes an 18-key ·front panel 
diagnostic keypad (as shown in Figure 2-1 and Figure 2-2), a 
four-digit hexadecimal display~ and a permanently resident 
library of diagnostic routines available for diagnosis and repair 
of machine faults. The keypad functions are available whenever 
the subsystem is offline. These functions include memory-space 
examination and modification, "and diagnostic routine execution. 

A subset of the routine library is automatically executed each 
time power is applied to the subsystem. The remaining tests (or 
any of the power-up diagnostics) may be executed individually or, 
.more typically, as a group in a sequential "continue" mode. 

Any fault detected, whether it be the result of a power-up test 
or one initiated from the panel, results in the display of a 
three-digit hexadecimal code. This code relates to the failure 
and can be found in the Fault Code Dictiona~, Industry Standard 
Interface, PN 87004. The Fault Code Dictionary describes the 
failure and indicates one or more field replaceable units (FRUs) 
that are possible causes of the failure. 

5.7 EXTERNAL DIAGNOSTICS 

In addition to the library of internal diagnostic routines, 
microcode support is included to aid in the automation of fault 
diagnosis and the detection of faults within the" system-subsystem 
interface. Minimal user software support is required to initiate 
these functions and analyze results. These commands are beyond 
the normal operational requirements of most couplers and, 
therefore, may require some hardware/software modification. 

5.7.1 Diagnostic Commands 

Table 5-14 below lists those commands which may be invoked by a 
host resident diagnostic package. All diagnostics CMS are run in 
SYNC mode. 

5.7.1.1 INVOKE DIAGNOSTICS 

This command allows the host to invoke the resident diagnostics 
and specify run-time options. It requires a 2-byte "write" 
transfer to completely define the operation. Formatter Busy 
(FFBY) and Data Busy (FDBY) rema i·n asserted throughout the 2-byte 
transfer and the subsequent diagnostic execution. The 2 bytes 
transferred define the operation (1st byte) and'options (2nd 
byte) as follows: . 

1st byte = 01 Hex: Run complete diagnostic package 
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Table 5-14. Diagnostic Commands 

Coomand CMD-4 CMD-3 CMD-2 CMD-l CMO-O I 
· 

(FEDIT) (FREV) I (FWRT) I (FWFM) I (FERASE) I 
I I r , , I 
I 

I 
I I 

Invoke Diagnostics I. a 1 1 I 0 I 0 

Loop Write To Read I a I 1 1 I 1 I 1 

Initiate Status Sequencer I 1 
f 

a I a 0 I 0 
I 

I I 0 I Command-To-Status Wrap I 1 0 0 1 t 
I I i I I 

I Read Sense o 
Data Loopback I 

, (unloads drive) 

02 Hex: Run "loaded M diagnostic sub-package 

2nd byte: 00 Hex: No option (all other values reserved) 

5.7;1.1.1 Run Diagnostic PacKage {Byte = 01 Hex) 

This operation invokes the execution of all internal diagnostics 
except the memory test. Formatter Busy (FFSY) resets when tests 
are completed or an error 1S detected. At this time status may 
be retrieved to determine cornpletion status. 

507.1.1.2 Run -Leaded- Diagnostic Sub-Package (Byte 1 = 02 Hex) 

This operation invokes the execution of all diagnostics 
executable on a loaded transport. This includes LoaD Write To 
Read, Transport, and Read/Write diagnostics. Formatter Busy 
(FFay) resets when tests are completed or an error is detected. 
At this time, status may be retrieved to determine completion 
status 

5.7.1.2 LOOP WRITE TO READ 

The loop Write To Read (LWR) command operations provide a means 
of testing the read and write data circuit paths within the MTS. 
Write data is transferred over the interface in the same way that 
a Write command is transferred. Read signals are derived 
(looped) within the MTS from the write circuits. There is no 
t ape rna t ion. L WR i s no tall owed i f tape i s loaded and pos i t i oned 
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away from BOT. E.rrors, if any, are reported in the same way as 
the errors that o~cur during a Write command execution. 

5.7.1.3 INITIATE INTERFACE STATUS SEQUENCER 

This operation initiates a status assertion sequence. Initially 
all status is· reset. Each subsequent assertion of the Go (FGO) 
conmand results in a single status line being set (in addition to 
MTS Online, FONL) and Formatter Busy (FFBY) being reset. The 
order of status assertion is: . 

FGO Assertion 

Ini t i a·l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. 14 

Status Asserted 

None 
FLO 
FDBY 
FHER 
FFMK 
FCER 
FEOT 
FLOP 
FFPT 
FHSPD 
FGCR 
FROY 
FRWD 
Norma 1· (No act; on on conmand) 

To complete this test the user may either issue the f4th FGO (the conn 
sent with FGO will not be performed) or reset the subsystem by droppir 
Formatter Enable (FFEN). It is important that the subsystem be reset 
in case testing stops in mid-sequence. 

5.7.1.4 COMMAND-TO-STATUS WRAP 

This operation initiates a continuous wrapping of in coming command 1; 
to out going status. This will allow the host to verify functionality 
command lines via the above tested status. The transfer of Command-To 
Status will occur following each Go (FGO) command and is completed whe 
Formatter Busy (FFBY) is reset. The mapping is as follows: 
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Conmand Line 

CMO-O (FERASE) 
CMO-1 (FWFM) 
CMD-2 (FWRT) 
CMO-3 (FREV) 
CMO-4 (FEDIT) 
CMD-5 (FLGAP) 
CMD-6 (FHISP) 
CMO-7 (Spare 1,RTHR) 

Status Asserted 

FLO 
FDBY 
FHER 
FFMK 
FCER 
FLOP 
FFPT 
FHSPD 
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Spare 2 (FLOL) 
FOFL 
FREIN 

FGCR 
FRDY 
FRWD 

Since CMD-O and CMD-4 are active to initiate this operation, the 
first status lines to go ,active will be Identification Burst 
(FlO) and Corrected Error (FCER). Following this state, any 
combination of command lines may be activated with each assertion 
of FGO. The subsystem remains in this diagnostic mode until it 
is reset (Formatter Enable, FFEN unasserted). 

This operation involves wrapping diagnostic "write" data (no tape 
motion) back to the Read Bus. Data is transferred (via Demand 
Write Data Strobe, FOWOS, requests) until Last Word (FLWD) is 
asserted. As a result of each Demand Wri,t'!! Data Strobe (FDWDS), 
a Read Oata Strobe (FRSTR) wi}l transfer an identical data byte 
bacK to the coupler on the Read Data lines (FRDO-7, FRDP). If 
even parity is detected on the Write Data lines (FWDO-7, FWOP), 
it is regenerated on the FRDP line, allowing host verification of 
parity checking circuits. 

~ ~.7.1.6 READ EXTENDED SENSE 

Ine Read Extended 'Sense command allows the reading of status 
~pecrfically for use by an external diagnostic package. This 
command is normally issued following the invocation and 
completion of internal diagnostics (previously described in the 
section entitled "Invoke Diagnostics" in this chapter). The 
status returned includes that referred to as Status A, S, and C' 
in the Fault Code Dictionary, Industry Standard Interface, PN 
87004. This status provides additionai information about a 
failure and in some cases, together with the Fault Code 
Dictionary, helps to isolate the failing subsystem assembly. 

The microcOde revision level is also returned. This indicates 
the proper level Fault Code Dictionary to use. 

This command transfers, with a normal Read Sense protocol and 
timing, 56 status bytes in the following order: 

95521 

Byte 

o 
1 
2 
3 
4 
5 
6 

Contents 

Microcode revision (MS8) 
Microcode reV1Slon (LSB) 
Last internal diagnostic executed 
Return code from last diagnostic 
Reserved 
Reserved 
Reserved 
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7 
8-23 

24-39 
40-55 

A return code (byte 3) 
fau 1 t. A camp let ion 
panel and applicable 
Standard Interface, 
following algorithm: 

Reserved 
Status A-O thru A-F 
Status 8-0 thru 8-F 
Status C-O thru C-F 

of non-zero, indicates the detection of a . 
code equivalent to those displayed on the 
to the Fault Code Dictionary, Industrv 

PN 87004 may be constructed by using the 

Fault Code (3 hex digits) = (byte 2 x 10 hex) + (byte 3) 

5.8 EFFECTIVITY 
.... 

The effectiveness of the 2920 MTS diagnostic system is mea~~jcd 
in terms of detection and isolation. 

A subsystem fault is considered detected if a fault code is 
returned, either through the interface or displayed on the front 
panel w or if the problem is obviously apparent to a minimally 
trained operator. Lfor example, nofrcnt panel response). The 
percentage of single faults detectable is 80% by the internal 
pacKage and 92% by the external package. 

A subsystem fault is considered isolated if the returned fault 
code indicates (via the Fault Code Dictionarv, Industrv Standard 
Interrace, PN87004) the proper field replaceaoie unit (FRUI 
within tne first three entries. The oercentaae of oetectable 
single faults that will be isolated is ~5% for 50th internal and 
externa1 packages. 
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CHAPTER 6 

SMALL COMPUTER SYSTEMS INTERFACE 

6.1 PHYSICAL AND ELECTRICAL DESCRIPTIONS 

6.1.1 Interface Circuits 

The 2925 MTS (MTS) is available to interface with either of the 
Small Computer System Interface (SCSI) driver/receiver 
alternatives. . The MiS's SCSI interface board is available with 
either single-ended or differential drivers and receivers. 

6.1.1.1 SINGLE-ENDED ALTERNATIVE 

The MTS uses the NCR-8310 driver/receiver circuit for the 
single-ended alternative. 

Unasserted (ZERO) = 2.5 - 5.25 vdc 
Asserted (ONE) = 0.0 - 0.4 vdc 

6.1.1.2 DIFFERENTIAL ALTERNATIVE 

The MTS uses National DS3695 or TI 75F165 differential 
driver/receiver circuits for the differential alternative. 

Low-level output = 2.0 vdc max, 
High-level output = 3.0 vdc min. 
Differential voltage = 1.0 vdc min. 

6.1.2 Interface Cables 

Devices on the SCSI bus are daisy-chained together using a common 
cable(s) as shown in Table 6-1. The bus must be terminated at 
both ends. The cable can be either 50-conductor flat or 
25-signal twisted-pair. Shielded cable is recommended for 
intercabinet connection and noisy environments. A maximum cable 
length of 6 meters is allowed for the single-ended interface. 
The maximum cable length for the differential interface is 25 
meters. 
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6-2 

SCSI HOST 
<INITIATOR) 

WITH 
TERMINA TORS 

2925 MTS 

SCSI HOST 
(INITIATOR) 

WITH 
TERMINATORS 

2925 MTS 2925 MTS 

2925 MTS 

2925 Mrs 
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TERM I NA TORS 
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2925 MTS 
WITH 

TERMINATORS 

DAISY CHAIN CABLE 

Figure 6-1. 2925 MTS SCSI Bus Cabling 
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6.1.3 SCSI Interface Connector 

The MTS uses the SCSI nonshielded 2X25 (50 pin) connector. Two 
connectors are located on the motherboard. The connectors are 
connected in parallel to allow daisy=chaining separate SCSI 
cables. 

The pin assignments for the single-ended and differential type 
interfaces are shown in Tables 6-1 and 6-2. 
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Table 6-1. Single-Ended Pin Assignments 

Signal Pin Number 

-08(0) 2 
-08(1) 4 
-08(2) 6 
-08(3) 8 
-08(4) 10 
-08(5) 12 
-08(6) . 14 
-08(7) 16 
-08(P) 18 
GRGUND 20 
GROUND 22 
GROUND 24 
TERMPWR 26 
GROUND 28 
GROUND 30 
-ATN 32 
GROUND 34 
-8SY "'I'" 

.jO 

-ACK 38 
-RST 40 
-MSG 42 
-SEL 44 
-C/O 46 
-REQ 48 
-1/0 50 

NOTE 

All odd pins except pin 25 are connected to ground. Pin 25 is 
open. The minus sign next to the signals indicates active low. 
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Table 6-2. Differential Pin Assignments 

Signal Name Pin Number Signal Name 

SHIELD GROUND 1 2 GROUND 
+OB(O) 3 4 -OB(O) 
+OB ( 1 ) 5 6 -OB( 1) 
+OB(2) 7 8 -OB(2) 
+OB(3) 9 10 -OB(3) 
+OB(4) 1 1 12 -OB(4) 
+OB(5) 13 14 -OB(5) 
+OB(6) 15 16 -OB(6) 
+OB(7) 17 18 -OB(7) 
+OB(P) 19 20 -OB(P) 
OIFFSENS 21 22 GROUND 
GROUND 23 24 GROUND 
TERMPWR 25 26 TERMPWR 
GROUND 27 28 GROUND 
+ATN 29 30 -ATN 
GROUND 31 32 GROUND 
+BSY 33 34 -BSY 
+ACK 35 36 -ACK 
+RST 37 38 -RST 
+MSG 39 40· -MSG 
+SEL " 41 42 -SEL 
+C/O 43 44 -C/O 
+REQ 45 46 -REQ 
+1/0 47 48 -I/O 
GROUND 49 50 GROUND 

NOTE 

Shield ground is optional. 

6.1.4 Interface Termination 

The SCSI bus must be terminated a both ends with the correct 
termination network for the type of drivers/receivers used. The 
termination networks for the single-ended and differential 
alternatives are shown in Figures 6-2 and 6-3. 

The single-ended termination can be installed on the MTS's SCSI 
interface board or a termination module can be plugged into the 
second SCSI cable connector on the motherboard. The differential 
terminator module can on"ly be plugged into the cable connector on 
the motherboard. 

The terminators are included with the MTS. 
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+5V.(nominal) 

220n 

-SIGNAL 

330n 

GROUND 

Figure 6-2.· Termination for Single-Ended Devices 

+SV,(nominal) 

330n 

-SIGNAL 

lS0n 

+SIGNAL 

330n 

GROUND 

Figure 6-3. Termination for Differential Devices 
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6.1.5 Terminator Power 

The MTS i"mplements the terminator power (TERMPWR) option. When 
enabled, this option supplies power to the termination networKs 
connected to the SCSI bus. This option is enabled by jumpers on 
the SCSI interface card. On the single-ended interface, a jumper 
can be installed .to connect the +5 (nominal) vdc terminator power 
source to pin 26.' On the differential interface, jumpers can be 
installed to connect the terminator power source to pin 25 and/or 
pin 26 as desired. The terminator power source is protected by a 
diode and fuse. 

6.1.6 Differential Sense 

The MTS implements the Differential Sense option. This option is 
enabled by a jumper on the differential interface board. When 
enabled, the DIFFSENS signal (pins 21 and 22) is connected to 
the differential driver enable logic. Connecting a single-ended 
device or terminator will ground this signal, preventing damage 
to the interface. 

6.1.7 SCSI Device Address 

A .maximum of eight SCSI.devices are al16wed on the SCSI bus. 
Each has a unique SCSI· 10 or address. Each address i$ a single 
bit on the data bus. The SCSI device 10 for the MTS is encoded 
in three switches on the interface board. The MTS is a single 
embedded controller and tape drive. Its Logical Unit Number 
(LUN) is always zero. The Logical Unit Number is not set by a 
swi tch. 

6.1.8 Switch-Selectable Options 

The following options can be enabled by switches or jumpers 
placed on the interface car~: 
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SCSI Bus 10 
Enable SCSI Bus Parity 
Connect TERMPWR to Pin 25 
Connect TERMPWR to Pin 26 
Enable OIFFSENS 
Disable Timeouts 
Report EOM.on Read 
Disable GCR Write Correction 
Write Buffer Threshold 
Read Buffer Threshold 
Number of Write Retries 
Number of Read Retries 
Buffer Size After Early EOT 
Sync on 2 FilemarKs 

EC 26026 
Kit PN 88063 95521 



6.2 SCSI BUS SIGNALS 

There are 18 SCSI bus signals. Nine are used for control and 
nine are used for data. (Data signals include the Parity Signal 
option.) These signal.s are described in the paragraphs that 
follow. 

Busy (BSY). BSY is an "OR-tied" signal that indicates the bus is 
being used. 

Select (SEL). The SEL signal 
computer) to select the MTS 
initiator. 

is used by an initiator (host 
or by the MTS to reselect -an 

Control/Data. The signal is driven by the MrS to indicate 
whether Control or Data information is on the data bus. If 
asserted it indicates control. 

Input/Output (I/O). The I/O signal is driven by the MTS to 
control the direction of data movement on the data bus with 
respect to an initiator. Asserted indicates input to the 
initiator. This signal is also used to distinguish between 
Selectio~ and Reselection phases. 

Message (MSG) ~ 
Message phase. 

The MSG signal is driven by the MTS during the 

·Request CREQ). The REQ signal is driven by the MTS to indicate a 
request for a REQ/ACK data transfer handshaKe. 

AcKnowledge (ACK). The ACK signal is driven by an initiator to 
indicate an acKnowledgement for a REQ/ACK data transfer 
handshaKe. 

Attention (ATN). The ATN signal is driven by an initiator to 
indicate the Attention condition. 

Reset (RST). The RST signal is an OR-tied signal that indicates 
the Reset condition. The MTS does not drive this signal. 

Data Bus (DB 7-0,P). The Data Sus consists of eight data-bit 
signals, plus a parity-bit signal. OS(7) is the most significant 
bit and has the highest priority during an Arbitration phase. 
Sit number, significance, and priority decrease .downward to 
OS(O). A data bit is defined as ONE when the signal value is 
asserted and is defined as ZERO when the signal value is not 
asserted. 

The use of parity is a system option. A system must be 
configured so that all SGSI devices on a bus generate parity and 
have parity detection enabled, or all SCSI devices have parity 
detection disabled or not implemented. SCSI bus parity 
(generation and detection) for the MTS is enabled by a switch on 
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the SCSI interface board. 
Arbitration phase. 

Parity is not valid during the 

6.3 SCSI BUS PHASES 

The SCSI architecture includes.eight 
phases are listed here and described 
follow. 

Bus Free Phase 
Arbitration Phase 
Selection Phase 
Reselection Phase 
Coomand Phase 
Data Phase 
Status Phase 
Message Phase 

distinct phases. 
in the paragraphs 

These 
that 

Refer to the ANSI X3.131-1986 Small Computer System Interface for 
a complete description of the SCSI bus signals and timing for 
each of the bus phases. 

6.3.1 Bus Free Phase 

The Bus Free phase is used to indicate ·that no SCSI device is 
actively using the the SCSI bus and· that it is avai lable for 
subsequent users. 

6.3.2 Arbitration Phase 

The Arbitration Phase allows one SCSI device to gain control of 
the SCSI bus so that it can assume the role of the initiator or 
target. The MTS uses the arbitration phase when reconnecting to 
continue a data transfer. 

The MTS is designed for connection ·to arbi trating and 
non-arbitrating systems. 

6.3.3 Selection Phase 

The Selection phase allows an initiator to select the MTS to 
initiate some function (for e~ample, a Read or Write command). 
The MTS is designed for connection to both arbitrating and 
non-arbitrating systems. 
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6.3.4 Reselection Phase 

Reselection is an optional phase that allows the MTS to reconnect 
to an initiator to continue an operation that was previously 
started by the initiator but was suspended by the MTS. For 
example, the MTS may disconnect (by going to the .Bus Free phase 
after sending a Disconnect Message) during the Data phase of a 
multiple BlocK Write command. 

The MTS will not disconnect and reselect if an initiator is not 
capable, as communicated by the Identify message. Reselection 
can only be used in systems that have the .Arbitration phase 
irrplemented. 

6.3.5 Information Transfer Phases 

The Command, Data, Status, and Message phases are grouped 
together as the Information Transfer Phases because they are all 
used to transfer data or control information via the data bus. 

The C/O, I/O, and MSG signals are used to 
different information transfer phases as 
The MTS drives these three signals and 
changes from one phase to another. The 
Message Out phase by asserting ATN. 

distinguish between the 
indicated in Table 6-3. 
therefore controls all 
initiator can request a 

Table 6-3. Information Transfer Phases 

Signal 
MSG C/O I/O Phase Name Oi rect ion of Transfer 

t1 " " Data Out Initiator to MTS v v v 

0 0 1 Data In Initiator from MTS 
0 1 0 Command Initiator to MTS 
0 1 1 Status Initiator from MTS 
1 1 0 Message Out Initiator to MTS 
1 1 1 Message In Initiator from MTS 

0 = Not Asserted, 1 = Asserted 

The information transfer phases use one or 
handshakes to control the information transfer. 
handshake transfers one byte of information. 

more REQ/ACK 
Each REQ/ACK 
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6.3.5.1 ASYNCHRONOUS INFORMATION TRANSFER 

In asynchronous transfer mode a complete REO/ACK handshake is 
used to transfer each byte of information. During a command, 
Data Out or Message Out phase the MTS requests a byte by 
asserting REO. The initiator responds by placing a byte on the 
data bus and asserting ACK,. The MTS receives the byte and 
releases REO. The MTS can not request the next" byte until the 
initiator has released ACK. 

During a Status, Data In, or Message In phase the MTS places a 
byte on the data bus and asserts REQ. The initiator receives the 
byte and asserts ACK. The MTS can then release REO. The MTS can 
not transfer another byte until the initiator has released ACK. 

6.3.5.2 SYNCHRONOUS DATA TRANSFER 

Synchronous data transfer will be implemented for the Data In and 
Data Out phases at a later date. It will be used only after the 
transfer period and REQ/ACK offset have been agreed upon using an 
exchange of synchronous data transfer request messages. 

6.3.6 Command Phase 

The Corrrnand phase allows the MTS to request conmand information 
from the initiator. Commands are always transferred in 
asynchronous mode.' 

6.3.7 Data Phase 

The Data phase includes both the Data In and the Data Out phases. 

6.3.7.1 DATA IN PHASE 

The Data In phase allows the MTS to request that data be sent to 
the initiator from the MTS. 

6.3.7.2 DATA OUT PHASE 

The Data Out phase allows the MTS to request that data be sent 
from the initiator to the MTS. 

6.3.a Status Phase 

The Status phase allows the MTS to request that status 
information be sent from the MTS to the initiator. 
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6.3.9 Message Phase 

The Message phase refers to either a Message In or Message Out 
phase. Multiple messages may be sent during either phase. 
Multiple-byte messages are wholly contained in a single message 
phase. 

6.3.9.1 MESSAGE IN PHASE 

The Message In phase allows the MTS to to request that message(s) 
be sent to the initiator from the MTS. 

6.3.9.2 MESSAGE OUT PHASE 

The Message Out phase allows the MTS to request that message(s) 
be sent from the initiator to the MTS. The MTS invoKes this 
phase in response to the Attention condition created by the 
initiator. 

The MTS will handshaKe byte(s) in this phase until ATN is 
deasserted, unless an error occurs. 

6.3.10 SCSI Bus Phase Sequences 

The order in which phases are ·used on -the SCSI bus follows a 
prescribed sequence. 

In all systems, the Reset condition can abort any phase and is 
always followed by the Bus Free phase. 

In syst~ms where the Arbitration phase is not implemented, the 
allowable sequences are as shown in Figure 6-4 .. The normal 
progression is from the Bus Free phase to Selection, and from 
Selection to one or more of the information transfer phases 
(Command,'Data, Status, or Message). 

In systems where the Arbitration phase is implemented, the 
allowable sequences are as shown in Figure 6-5. The normal 
progression is from the Bus Free phase to Arbitration, from 
Arbitration to Selection or Reselection, and from Selection or 
Reselection to one or more of the information transfer phases 
(Command, Data, Status, or Message). 

There are no restrictions on the sequences between information 
transfer phases. A phase type may even be followed by the same 
phase type, for example, a data phase may be followed by another 
data phase. 
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RESET CONDITION 

Figure 6-4. Phase Sequences without Arbitration 
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RESET CONOI TlON 

Figure 6-5. Phase Sequences with Arbitration 
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6.4 SCSI BUS CONDITIONS 

The SCSI bus has two asynchronous conditions: the Attention 
condition and the Reset condition. These conditions cause the 
MTS to perform certain actions and can alter the phase sequence. 

The Unit Attention condition is used to inform each initiator on 
the SCSI bus that the tape on the MTS may have been changed or 
that the MTS has been reset (by a Bus Device Reset message or a 
.. H a r d .. R e se t cond i t ion) . 

6.4.1 Attention Condition 

The Attention condition allows an initiator to inform the MTS 
that the initiator has a message ready. The MTS receives this 
message by performing a Message Out phase. The initiator creates 
the Attention condition by asserting ATN at any time except 
during the Arbitration or Bus ,Free phase. The MTS responds with 
the Message Out phase. The initiator must keep ATN asserted if 
more than one byte is to be transferred. 

6.4.2 Reset Condition 

The Reset condition is used to clear all SCSI devices from the 
'bus. This condition takes precedence over all other phases and 
conditions. Upon detecting the Reset condition (RST asserted), 
the MTS releases all SCSI bus signals and goes to Bus Free. The 
MTS will not generate a Reset condition. 

The MTS implements the Hard Reset optio~. When RST is asserted 
the MTS clears all uncompleted commands, releases all SCSI device 
reservations, and returns all operating modes to their default 
values. 

6.4.3 Unit Attention Condition 

A Unit Attention condition for the MTS's logical unit begins for 
each initiator whenever the tape has been changed or the MTS has 
been reset (by a Bus Device Reset message or a IIHard ll Reset 
condition). The tape could have been changed whenever the drive 
returns to the Online condition from Offline. 

The MTS returns Check Condition status in response to any command 
other than an Inquiry or Request, Sense from an initiator for 
which it has an outstanding Unit Attention condition. The 
command is not executed. If the next command (following the 
Check Condition) from that initiator is a Request Sense command, 
the Unit Attention sense key is set in the sense data returned 
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and the Unit Attention condition for that initiator is reset. If 
the next command (following the·Check Condition status) from that 
i ni t i a tor is not a Reques t. Sense, the command is executed and the 
Unit Attention condition for that initiator is reset. 

If an Inquiry command is received from an initiator for which the 
MTS has an outstanding Unit Attention condition (before Check 
Condition status has been reported to that initiator), the 
command is executed and the Unit Attention condition for that 
initiator is not reset. 

If a Request Sense command is received from an initiator for 
which the MTS has an outstanding Unit Attention condition (before 
Check Condition status has been reported to that initiator), any 
pending sense data is discarded, Unit Attention sense key is 
returned in the sense data, and the Unit Attention condition for 
that initiator is reset. 

6.5 SCSI MESSAGE SYSTEM 

The message system allows communication between the initiator and 
MTS for the purpose of physical path management. The initiator 
indicates its ability to accommodate more than the Command 
Complete message by asserting the ATN signal duri~g the Selection 
phase. The MTS indicates its ability to accommodate more 
messages by responding to the Attention condition with the 
Message Out phase afte~ going through the Selection phase. The 
initiator responds by sending the Identify message. This allows 
the es tab 1 i shment of . the phys i ca 1 pa th for a par t i cu 1 ar 10gi ca 1 
unit specified by the initiator. 

The MTS will also accept an Abort message or the Bus Device Reset 
message ·instead of the Identify message as the first message. 
Only one logical unit number is identified for each selection 
sequence. After the reselection phase, the MTS' first message is 
an Identify. This allows the physical path to be reestablished 
for the MTS's specified logical unit number. 

The messages implemented by the MTS are listed in Table 6-4 and 
described in the paragraphs that follow. 
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Table 6-4. Messages Implemented by the MTS 

CODE DESCRIPTION DIRECTION 

OOH COMMAND COMPLETE IN 
01H EXTENDED MESSAGE (SYNCHRONOUS DATA IN OUT 

02H 
03H 
04H 
05H 
06H 
07H 
08H 
09H 
OAH 
OBH 
OCH 
80H-FFH 

SAVE DATA POINTER 
REstORE POINTERS 
DISCONNECT 

TRANSFER REQUEST) 

INITIATOR DETECTED ERROR 
ABORT 
MESSAGE REJECT 
NO OPERATION 
MESSAGE PARITY ERROR 
LINKED COMMAND COMPLETE 
LINKED COMMAND COMPLETE (WITH FLAG) 
BUS DEVICE RESET 
IDENTIFY 

IN 
IN 
IN 
OUT 
OUT 
IN OUT 
OUT 
OUT 
IN 
IN 
OUT 
IN OUT 

Key: IN = MTS to initiator, OUT = Initi·ator to MTS. 

6.5.1 Command Complete (OOH) 

This message is sent from the MTS to an initiator to indicate 
that the execution of a command (or series of linked commands) 
nas terminated and that valid status has been sent to the 
initiator. The status byte indicates whether the command was 
executed successfully or unsuccessfully. 

After· successfully sending this message, the MTS will go to the 
Bus Free phase by releasing BSY. 

6.5.2 Extended Message (01 H) 

This message is sent from either the initiator or the MTS as the 
first byte of a multiple byte message. The Synchronous Data 
Transfer Request message is the only extended message implemented 
by the MTS. 

6.5.3 Save Data Pointer (02H) 

This message is sent from the MTS to direct the initiator to save 
a copy of the present active data pointer for·the currently 
attached logical unit. The Save Data Pointers message is sent by 
the MTS before disconnecting to break up long data transfers. 
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6.5.4 Restore Pointers (03H) 

This message is sent from the MTS to direct the initiator to 
restore the most recently saved pointers (for the currently 
attached logical unit) to the- active state. Pointers to the 
conmand, data, and status locations for the logical unit are 
restored to the active pointers. Command and status pointers are 
restored to the beginning of the present command and status 
areas. The data pointer is restored to the value at the 
beginning of the data area in the absence of a Save Data Pointer 
message or to the value at the point at which the last Save Data 
Pointer message occurred for that logical unit. 

6.5.5 Disconnect (04H) 

This message is sent from the MTS to inform an initiator that the 
present physical path is going to be broken (the MTS plans to 
disconnect by releasing BSY), but that a later reconnect will be 
required in order to complete the current operation. This 
message will not cause the initiator to save the data pointer. 
The MTS uses Disconnect messages to break a long data transfer 
into two or more shorter transfers. The Save Data Pointer is 
issued by the MTS before each Disconnect message. 

6.5.6 Initiator Detected Error (05H) 

This message is sent from an initiator to inform the MTS that an 
error (for exampJe, parity error) has occurred. When the MTS 
receives this message, it will issue a Restore Pointers message 
or a disconnect followed by a reconnect to cause the pointers to 
be restored to their defined prior state and_ attempt to 
retransmit the data or status to the initiator. 

6.5.7 Abort (06H) 

This message is sent from the initiator to the MTS to clear the 
present operation. If a logical unit has been identified, all 
pending data and status for the issuing initiator from the 
effected logical unit will be cleared. The MTS will go to the 
Bus Free ~hase. Pending data and status for other initiators 
will not be cleared. If a logical unit has not been identified, 
the MTS goes to the Bus Free phase. No status or ending message 
;s sent for the operation. 

6.5.8 Message Reject (07H) 

This message is sent from either the initiator or the MTS to 
indicate that the last message it received was inappropriate or 
has not been implemented. 
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In order to indicate its intentions of sending this message, the 
initiator will assert the ATN signal prior to its release of ACK 
for the REQ/ACK handshake of the message that is to be rejected. 
When the MTS sends this message, it·will change to Message In 
phase and send this message prior to requesting additional 
message .bytes from the initiator. This provides an interlock so 
that the initiator can determine which message is rejected. 

6.5.9 No Operation (OSH) 

This message is sent from an initiator in response to the MTS's 
request for a message when the initiator does not currently have 
any other valid message to send. 

6.5.10 Message Parity Error (09H) 

This message is sent from the 
that one or more bytes in the 
parity error. 

initiator to the MTS to indicate 
last message it received had a 

In order to indicate its intentions of sending this message, the 
initiator asserts the ATN signal prior to its release of ACK for 
the REQ/ACK handshake of the message that has the parity error. 
This provides an interlock so that the MTS can determine which 
message has the parity error. The MTS will go to the Message In 
phase and retransmit the message that had the parity error. 

6.5.11 Linked Command Complete (OAH) 

This message is sent from the MTS to an initiator to indicate 
that the execution of a linked command has completed and that 
status has been sent. The initiator will then set the pointers 
to the initial state for the next linked command. Following this 
message, the MTS will go directly to the command phase rather 
than going to Bus Free. 

6.5.12 Linked Command Complete With Flag (OSH) 

This message is sent from the MTS to an initiator to indicate 
that the execution of a linked command (with the flag bit set to 
One) has completed and that status has been sent. The initiator 
shall then set the pointers to the initial state of the next 
linked command. Typically this message would be used to cause an 
interrupt in the initiator between two linked commands. 
Following this message, the MTS goes directly to the command 
phase to receive the next command rather than going to Bus Free. 
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6.5.13 Bus Device Reset (OCH) 

This message is sent from an initiator to direct the MTS to clear 
all current commands. This message forces the MTS to an initial 
state with no operations pending for any initiator. Upon 
recognizing this message, the MTS goes to the Bus Free phase. 

6.5.14 Identify (BOH to FFH) 

These messages are sent by either the initiator or the MTS to 
establish the physical path connection between an initiator and 
the MTS for a particular logical unit. 

Bit 7. Bit 7 is always set to one to distinguish these messages 
from the other messages. 

Bit 6. Bit 6 is only set to one by the initiator. When set to 
one, it indicates to the MTS that the initiator has the ability 
to accommodate disconnection and reconnect ion. 

Bits 5 to 3. Bits 5 to 3 are set to zero. 

Bits 2 to O. Bits 2 to 0 specify a logical unit number (LUN) in 
the MTS. The LUN must be OH for the MTS. Only one LUN can be 
identified for each selection sequence; a second Identify message 
with a ~ew LUN must not be issued before the bus has been 
released (Bus Free phase). 

When sent from the MTS to an initiator during recon~ection, an 
implied Restore Pointers message must be performed by the 
initiator prior to completion of this message. 

6.5.15 Extended I\/!essages 

A value of 01H in the first byte of a message indicates the 
beginning of a multiple byte extended message. The Synchronous 
Data Transfer Request message is the only extended message that 
will be implemented on the MTS. This message is described in 
Table 6-5. The Synchronous Data Transfer Request message will be 
implemented at a later date. 

6.6 SCSI BUS ERROR RECOVERY 

The MTS automatically retries a Message Out, Command, or Data Out 
phase when it detects a SCSI bus parity error during these 
phases. The MTS will retry a Message In, Status, or Data In 
phase when requested by an initiator. 

95521 
EC 26026 

Kit PN 88063 6-19 



Table 6-5. Synchronous Data Transfer Request 

Byte Value Description 

0 01H ~xtended Message 
1 03H Extended Message. Length 
2 01H Synchronous Data Transfer Request Code 
3 mH Transfer period (mH times 4 nanoseconds) 
4 xH REQ/ACK offset 

6.6. 1 Message Out Parity Error 

If the MTS detects a parity error during a Message Out phase, it 
will assert REQ after detecting that ATN has been deasserted, and 
remain in the Message Out phase. The initiator is expected to 
respond by resending the entire message. The MTS will change to 
some other information phase and transfer at least one byte to 
indicate that it has received the message without error or it 
does not want to retry again. If the message is an Abort or Bus 
Device Reset message, it will go to Bus Free. The MTS will retry 
a Message Out phase five times before aborting the command by 
returning Check Condition status and setting Aborted Command 
sense Key. 

6.6.2 Message In Parity Error 

If the initiator detects a parity error on the SCSI bus during a 
Message In phase, it may indicate its desire to retry the message 
by sending the MTS a Message Parity Error message. The initiator 
must assert the ATN signal prior to releasing ACK for the REQ/ACK 
handshake for the message that has the parity error. The MTS 
will go to a Message Out phase and receive the Message Parity 
Error message from the initiator. The MTS will then return to 
the Message In phase and repeat the message. The MTS will retry 
as many times as requested by the initiator. 

6.6.3 Information In Parity Error 

The initiator may send an Initiator Detected Error message if it 
has detected a parity error during a Data In or Status phase. 
The initiator must assert ATN before negating ACK for the last 
byte of the phase to be retried. The MTS will send a Restore 
Pointers message to the initiator and retry the phase. For a 
Data In phase the data transfer will restart from the beginning 
of the phase or from the point of the last Save Pointers message. 
The MTS will retry a Data In or Status phase as many times as 
requested by the initiator. 
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6.6.4 Information Out Parity Error 

If the MTS detects a SCSI Bus Parity error during a Command or 
Data Out phase it will go to the Message In phase and send a 
Restore Pointers message to the initiator. The initiator should 
then resend the entire command or the data starting from the last 
point at which the pointers were saved. The MTS will retry a 
Command or Data Out phase 5 times before returning Check 
Cond i t ion 5 ta tus a"nd set t i ng the Abor ted Command sense key in 
sense data. 

6.7 SCSI STATUS 

A status byte is sent from the MTS to the initiator during the 
Status phase at the termination of each command unless the 
corrrnand is cleared by an Abort message, by a Bus Device Reset 
message, or by a "Hard" Reset condition. The status byte is 
defined in Table 6-6. A description of the status.codes returned 
by the MTS-is given below. " 

Table 6-6. Status Bytes 

Bit 7 6 5 4 3 2 1 0 
Byte 

. 
0 Res'd Vendor Status Byte Code VU 

Unique 

6.7.1 Good (OOH) 

This status indicates that the MTS has successfully completed 
the corrmand. 

6.7.2 Check Condition (02H) 

This status indicates that the command terminated with an error, 
exception, or abnormal condition that has set sense data. The 
Request" Sense command should be issued following a Check 
Condition status to determine the nature of the condition. 

6.7.3 Busy (D8H) 

The MTS is busy. This status is returned whenever the MTS is 
unable to accept a command from an initiator. The normal 
initiator recovery action is to issue the command again at a 
later time. 
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6.7.4 Intermediate (1 OH) 

This'status is returned for every command in a series of linked 
commands (except the last conmand), unless an error, except.ion, 
or abnormal condition causes a Check Condition status or a 
Reservation Conflict status to be set." If this status is not 
returned, the chain of linked commands is broken; no further 
commands in the series are executed. 

6.7.5 Reservation Conflict (18H) 

This status is returned whenever a SCSI device attempts to access 
the MTS while it is reserved to another SCSI device. 

6.8 SCSI COMMANDS 

The SCSI commands implemented by the MTS are listed in Table 6-7. 
The sections that follow contain a detailed description of the 
operation of each command. 

The reserved fields in each command descriptor block must be set 
to zero." I f a reserved fie ld is not equa 1 to zero, the MTS wi 11 
reject the command by returning Check Condition status and 
setting Illegal" Request sense key. The MTS does not support any 
vendor unique fields in the command descriptor block. The vendor 
unique fields must also be set at zero. 
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OPERATION 
CODE 

;tt 95521 

DOH 
01H 
03H 
05H 
08H 
OAH 
OFH 
10H 
i i U 
I In 

12H 
13H 
14H 
15H 
16H 
17H 
18H 
19H 
1AH 
1BH 
1CH 
1DH 
3BH 
3CH 

Table 6-7. SCSI Commands 

COMMAND NAME 

TEST UNIT READY 
REWIND . 
REQUEST SENSE . 
READ BLOCK LIMITS 
READ 
WRITE 
READ REVERSE 
WRITE FILEMARKS 

INQUIRY 
VERIFY 
RECOVER BUFFERED DATA 
MODE SELECT 
RESERVE UNIT 
RELEASE UNli 
COpy 
ERASE 
MODE SENSE 
LOAD/UNLOAD 
RECEIVE DIAGNOSTIC RESULTS 
SEND DIAGNOSTIC 
WRITE BUFFER 
READ BUFFER 
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6.8.1 Test Unit Ready Command (OOH) 

BIT 7 6 5 4 3 2 1 0 
BYTE 

0 Operation Code 

1 Logical Un it Number· Reserved 

2 Reserved 

3 Reserved 

4 Reserved 

5 Vendor Unique Reserved Flag Link 

The Test Unit Ready command checks the TU for its readiness to 
accept a medium access comnand without returning a Check 
Condition status. Good status is returned if the drive is 
loaded, ready, and online. Otherwise this comnand will return a 
Check Condition status. A self-test is not performed during this 
corrmand. 
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6.8.2 Rewind Command (01 H) 

I BITI 
IBYTEI 

0 

1 

2 

3 

4 

5 

7 6 5 

i i i 

Logical Unit Number I 

Vendor Unique I 

3 2 o 

i i i i 

Operation Code 

Reserved I Immed 

Reserved 

Reserved 

Reserved 

Reserved I Flag 
I 

Link 

The Rewind command moves tape backwards until tape is positioned 
at BOT. The MTS disconnects from the SCSI bus after the rewind 
has started. 

If the immediate bit (Irrrned) is ZERO, the MTS reselects the 
initiator to return status after the tape is positioned- at BOT. 
If the immediate bit is set to ONE, status is returned after the 
rewind has been started. If the buffer contains any write data 
when the command is received, this data will be written to tape 
before the rewind is started. 
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6.8.3 Request Sense Command (03H) 

BIT 7 6 5 4 3 2 1 0 
BYTE 

0 Operation Code 

1 logical Unit Number -Reserved 

2 Reserved 

3 Reserved 

4 Allocation 'length 

5 Vendor Unique Reserved Flag link 

The Request Sense command transfers sense data to the initiator. 
A Request Sense command is usually issued by the initiator 
immediately following a command that rep9rted a Check Condition 
status. The sense data describes in detail the reason for the 
Check Condition status and the current state of the MTS. 

The sense data is valid if Check Condition status was returned on 
the prior' command. The sense data may not to be completely valid 
if the previous command did not report Check Condition status. 

The sense data is preserved by the MTS until it is retrieved by a 
Request Sense command from the initiator that received the Check 
Condition status. If any command other than a Request Sense 
command is received from the initiator that received the Check 
Condition status, the sense data is cleared. All commands from 
other initiators will receive Busy status until the sense data is 
either returned by a Request Sense command to the initiator that 
received the Check Condition or is cleared by some other command 
from the initiator that received the Check Condition. 

The allocation length specifies the number of bytes that the 
initiator has allocated for returned sense data. If the 
allocation length is ZERO no sense data will be transferred. Any 
other value indicates the maximum number of bytes that can be 
transferred. The MTS can return up to 116 bytes of sense data. 
The MTS will terminate the Data In phase when allocation length 
bytes have been transferred or when 116 bytes of sense data have 
been transferred to the initiator, whichever is less. 
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The Request Sense command returns Check Condition status only to 
report fatal errors for the Request Sense command. The following 
are definitions of two fatal errors: 

1. The MTS returns Check Condition if the command descriptor 
block contains a nonzero reserved bit or an invalid Logical 
Unit Number (other than ZERO). No sense data is returned. 

Check Condition 
recover a parity 
retries. 

NOTE 

is returned if the MTS is unable to 
error on the data bus after multiple 

If any nonfatal error is detected during the execution of the 
Request Sense command, the MTS will return the sense data with 
Good status. Following a fatal error on a Request Sense command, 
sense data may not be valid. 

The MTS implements the extended sense d~ta format only: The 
nonextended sense data format is not implemented. The MTS 
returns zero bytes of sense data in response to an allocation 
length of ZERO. This is not an error condition. 

The MTS returns up to 116 bytes of Request Sense data in the 
nonextended format. The Request Sense data returned by the MTS 
is shown in Tables 6-10 thru 3-14. 

The information contained in Request Sense bytes 0-19 is valid if 
a Check Condition was reported by the previous command. The 
current tape drive status (Bytes 20-27), the StorageTek cache 
sense (Bytes 28-59), and the StorageTek drive sense (Bytes 
60-115) report the current state of the MTS. Since the buffer is 
capable of reading ahead, this information may not be accurate 
for the last command if a Check Condition was not reported. 

The error class is set to 7H. The error code is set to OH 
indicating that the sense data is in the extended sense format. 
The MTS always returns these values. 

The information bytes are not defined if the valid bit is zero. 
If the valid bit is one, the information bytes contain valid 
information as follows: 

1. The difference (residue) of the requested length minus the 
actual length in either bytes or blocks, as determined by the 
command. (Negative values are indicated by two's complement 
notation. ) 

2. The difference (residue) of the requested number of blocks 
minus the actual number of blocks copied for the current 
segment descriptor of a Copy command. 
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The segment number contains the number of the current segment 
descriptor if the extended sense is in response to a Copy 
command. Up to 256 segments are supported beginning 'with seg~nt 
zero. 

The filemark bit indicates that the current command has read a 
filemark. This bit is not set by a Write Filemark command. 

The end-of-medium (EOM) bit indicates that the MTS has 
encountered an end-of-medium condition. This indicates that the 
MTS is at or past the early-warning end-of-tape (EDT marker) if 
the direction was forward or that the command could not be 
completed because beginning-of-tape (BOT) was encountered if the 
direction was reverse. 

The incorrect length indicator (ILl) bit indicates that the 
requested block length did not match' the block length of the data 
on the tape. 

The sense keys provide information as to why the previous command 
received a Check Condition status. The sense keys are described 
in Tables 6-8 and 6-9. The Additional Sense Code (Sense Byte 12) 
and the Additional Sense Code Qualifier fSense- Byte 13-) provide
more detail as to why the previous command returned Check 
Condition status. The codes returned are grouped by the Sense 
Key they describe. The Additio~al Sense Code and Additional 
Sense Code Qualifier byte~ are described in Table 6-15, sheets 1 
thru 4. 
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SENSE 
KEY 

Table 6-8. Sense Key (OH-7H) Descriptions 

DESCRIPTION . I 
OH NO SENSE. Indicates that there is no specific sensei! 

key information to be reported for the designated 
logical unit. This sense key is returned for a 
successful command or a command that received a Check 
Condition status because one of the filemark, EOM, or 
ILl bits is set to ONE. 

1H RECOVERED ERROR. Indicates that the last command 
completed successfuily with retry actions performed by 
the MTS. Additional information is contained in the 
information bytes and additional sense bytes. 

2H NOT READY. Indicates that the tape drive cannot be 
accessed. Operator intervention is usually required to 
correct this condition. 

3H MEDIUM ERROR. Indicates that the command terminated 
with a nonrecovered error condition that was probably 
caused by a flaw in the medium or an error in the 
recorded data. 

4H HARDWARE ERROR. Indicates that the MTS detected a 
nonrecoverable hardware failure while performing the 
command or during a self-test. 

5H ILLEGAL REQUEST. Indicates that there was an illegal 
parameter in the command descriptor block or in the 
additional parameters supplied as data for the command. 
A command with an illeqal parameter in the command 
descriptor block is not executed. If an invalid 
parameter is detected in the additional parameters 
supplied as data, the command is terminated without 
altering the parameter values in the MTS. In all cases 
the tape is not altered nor is its position changed. 

6H UNIT ATTENTION. Indicates that the tape may have been 
changed or the MTS has been reset by the SCSI bus or 
the tape drive has been reset from. the operator panel. 

7H DATA PROTECT. Indicates that a write-type command was 
attempted while the tape was file protected (file 
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protect ring removed). The Write operation was not 
performed. I 
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Table 6-9. Sense Key {SH-FH) Descriptions 

SENSE 
KEY DESCRIPTION 

8H BLANK CHECK. Indicates that the MTS encountered a 
blank area on tape whi le reading or spacing. The 
minimum length of blank tape required is dependent upon 
the density recorded. 

9H Vendor unique. This sense key is not used by the MTS. 

AH COpy ABORTED. Indicates a Copy command was aborted due 
to an error condition on the source device, the 
destination device, or both. 

BH ABORTED COMMAND. Indicates that the MTS aborted the 
command. The initiator may be able to recover by 
trying the command again. 

CH EQUAL This Sense Key is not used by the MTS. 

DH VOLUME OVERFLOW. Indicates that the MTS has reached 
the end-of-medium (EOT) and data remains in the buffer 
that has not been written to the tape. A Recovered 
Buffer Data command(s) may b~ issued'to read the 
unwritten data from the buffer. 

EH MISCOMPARE. This Sense Key is not used by the MTS. 

FH This sense key is reserved and not used by the MTS. 

The additional 'sense length specifies the number of additional 
sense bytes to follow. A value of 6CH is returned in this field 
indicating that up to 108 additional sense bytes are available. 
The additional sense bytes contain information unique to the MTS. 
These bytes describe the current status of the drive and the 256K 
byte cache buffer. They also contain error log data. This 
information further defines the reason for a Check Condition 
status on a previous command. If the allocation length of the 
command descriptor block is too small to transfer all of the 
additional sense bytes, the additional sense length is not 
adjusted to reflect the truncation. 

The additional sense data returned for a 
Copy command is described in the section 
cOfT1lland. 
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Table 6-10. Request Sense Data (Bytes 0-19) 

7 6 
BYTE I I I 

0 Val id Error 

1 

2 F i 1 emark EOM I 
3 

7 

8-11 

12 

13 

14-
19 
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5 4 3 2 

I I I I 
Class I Error Code 

Segment Number 

I l I [Reserved[ Sense Key 

Information Byte (MSB) 

Information Byte 

Information Byte 

I nforma t i on Byte (lSB) 

Additional Sense Length 

Reserved 

Additional Sense Code 

Additional Sense Code Qua 1 if i er 

Reserved 
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BIT 
BYTE 

20 

21 

22 

23 

24 

25 

26 

27 
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Table 6-11. Current Tape Drive Status (Bytes 20-27) 

7 6 

RAM RAM 
EOT BOT 

STATUS STATUS 

RAM RAM 
WRITE READY 

STATUS STATUS 

TAPE TAPE 
SSC 10 BURST 

WTM UNCORREC 
CHECK ERROR 

EDT BOT 
STATUS· STATUS 

RESET ·CLR 
BUSY RESET 

5 4 3 

RAM RAM RAM 
END OF DATA BUPER 

DATA CHECK 

RAM RAM RAM 
EXPECT ONLINE REWIND 

DATA STATUS STATUS 

SCSI CACHE TAPE 
INTERRPT CRC ERR BUSY 

RAM DEAD TRACKS 7-0 

PARTIAL 
RECORD 

NOT 
USED 

NOT 
USED 

MULTITRK NOT 
ERROR USED 

DIAGNOSTIC AID BITS 

FILE PRT BACKWARD 
STATUS STATUS 

NOT EMUX3 P 
USED WRT STAT 
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RAM RAM RAM 
CORR ERR REJECT TAPE MRK 

STATUS STATUS STATUS 

RAM RAM RAM 
OPERATIN OVERRUN EPROM 

INCOMP STATUS PAR ERR 

TAPE TAPE TAPE 
HDENS FPTS EMUX P 

END OF VELOCITY DIAG MOD 
DATA CHK ERROR LATCH 

HIGH DEN READY ONLINE 
STATUS . STATUS STATUS 

EMUX2 P EMUXl P EMUXO P 
TACH CRC ERR DT PAR 
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Table 6-12. StorageTek Cache Sense (Bytes 28-43) 

BIT 7 
BYTE 

28 

! 
to':} WI< I 10 I 

ERROR 

I .. ,. I • ,roo I 'T" I 

30 

31 

32 

33 

34 

35 EOT 

36 WTM 
CHECK 

37 

38 

39 

40 

41 

42 

43 

95521 

6 5 4 3 2 1 0 

EARLY BUFFER LONG 
NOT USED EOT DATA REC 

MODE MODE MODE 
! ! ! nTO 

~"U I 1.111 I' vLOST v'l 
,- ..... -- .. _ .. ..... ~ ... ..l - ----_._-R~TQY rnUNT nN SINGLE RECORD 

ERROR 

NUMBER OF RECORDS LEFT IN BUFFER 

NUMBER OF RECORDS PAST BOT (MSB) 

NUMBER OF RECORDS PAST BOT 

NUMBER OF RECORDS PAST BOT (lSB) 

DEAD TRACK REGISTER 7-0 

CACHE 
BOT PARITY DATA DRIVE OVRNS REJECT 

ERROR CHECK BUPER 

UCE PARTIAL MTE CRC EDC VEL 
RECORD ERROR ERROR 

DIAGNOSTIC AID BITS 

NUMBER OF READ FORWARD RETRIES ATTEMPTED 

NUMBER OF READ BACKWARD RETRIES ATTEMPTED 

NUMBER OF WRITE RETRIES ATTEMPTED 

NUMBER OF RECORDS NEEDING READ RETRIES 

NUMBER OF RECORDS NEEDING WRITE RETRIES 

NUMBER OF RECORDS WITH DEAD TRACK 0 
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EPROM 
ERROR 

CACHE 
CRC 

ERROR 
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BIT 7 
BYTE 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 
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Table 6~13. StorageTeK Cache Sense (Bytes 44-59) 

6 5 4 3 2 

NUMBER OF RECORDS WITH DEAD TRACK 1 

NUMBER OF RECORDS WITH DEAD TRACK 2 

NUMBER OF RECORDS WITH DEAD TRACK 3 

NUMBER OF RECORDS WITH DEAD TRACK 4 

NUMBER OF RECORDS WITH DEAD TRACK 5 

NUMBER OF RECORDS WITH DEAD TRACK 6 
..... ... 

NUMBER OF RECORDS WITH DEAD TRACK 7 

NUMBER OF RECORDS WITH DEAD TRACK P 

NUMBER OF RECORDS ·WITH TAPE DRIVE CRC ERRORS 

NUMBER OF RECORDS WITH UNCORRECTABLE ERRORS 

NUMBER OF RECORDS WITH PARTIAL RECORD ERRORS 

NUMBER OF RECORDS WITH MTE ERRORS 

NUMBER OF RECORDS WITH EDC ERRORS 

NUMBER OF RECORDS WITH VELOCITY ERRORS 

NUMBER OF RECORDS WITH CACHE CRC ERRORS 

NUMBER OF RECORDS WITH CORRECTIONS 
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BIT 
BYTE 

60 

I l. 1 
01 

I 

62 

63 
I 

64 

65 

66 

67 

68-83 

84-99 

100-
115 
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Table 6-14. StorageTeK Drive Sense (Bytes 60-115) 

7 

EOT 

I 

a 

6 5 4 3 2 1 a 

BOT 0 FILE PRT BACKWARD HIGH DEN READY ONLINE 
STATUS STATUS STATUS STATUS 

- A __ 1 __ ... ,... 
,.. ....... "'. \,1 . I ---- I i 
l.At'At)LI I GCR u 1~I"'U/UtN~ 

0 FP DENSITY SEL SPEED/GAP SWITCH SELECTION 

MACHINE TYPE DRIVE MICROCODE 

DRiVE MICROCODE LEVEL (lSB) 

IDENTIFIER FOR LAST DIAGNOSTIC TEST 

RETURN. CODE FROM LAST DIAGNOSTIC TEST 

DRIVE 

DRIVE 

DRIVE 

RESERVED 

STATUS CODES A-a THROUGH 

STATUS CODES B-O THROUGH 

STATUS CODES c-o THROUGH 
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A-F 

B-F 

C-F 

RUN 

RUN 

LEVEL (MSB) 
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Table 6-15. Additional Sense Code Definitions 
(Sense Bytes 12 and 13) 

Byte # 
12 13 

00 00 
00 01 
00 02 
00 04 

Byte # 
12 13 

17 00 
17 01 

Sheet 1 of 4 

Sense Key NO SENSE (OH) 

Description 

No additional sense information 
File mark detected 
End of tape (EOT) detected 
Beginning of tape (BOT) detected 

Sense Key RECOVERED ERROR ( 1 H) 

Description 

Recovered read error 
Recovered read data wi th read retries 

17 04 Recovered read data wi th ECC correction 

18 00 
f8· 01 

Byte # 
12 13 

04 00 
05 00 

Recovered write error 
Recovered write with write retries 

Sense Key NOT READY (2H) 

Description 

Drive not ready (drive not loaded) 
Drive not selected (drive Offline) 
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Table 6-15. Additional Sense Code Definitions 
(Sense Bytes 12 and 13) 

Byte # 
12 13 

1 1 00 
1 1 01 
12 00 
12 01 
13 00 
14 00 
15 00 
30 00 
30 01 
3C 00 
3B 00 
1 1 03 
36 00 

Byte # 
12 13 

03 00 
03 01 
08 00 
OB 00 
OB 01 
OB 02 
1B 00 
40 00 
40 02 
40 04 
42 00 
45 00 
51 00 
55 00 

Sheet 2 of 4 

Sense Key MEDIUM ERROR (3H) 

Description 

Unrecovered read error 
Read retries exhausted 

Unrecovered write error 
Write retries exhausted 

I Error during Space command 
No record found 
Can not write tape 10 Burst area 
Can not read tape 1D Burst area 

Incompatible format 
Not at BOT (attempted density change) 
Tape position error 
Incomplete blocK read 
No Gap found 

Sense Key HARDWARE ERROR (4H) 

Description 

Write Fault 
No write current 

Logical unit communication failure 
Time-error 

Read time-out error 
Drive communication error 

Synchronous transfer error 
Diagnostic failure 

RAM failure 
ChecKsum error 

Power-on failure 
Select/Reselect failure 
Erase fault 
Drive reported error 
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Table 6-15. Additional Sense Code Definitions 
(Sense Bytes 12 and 13) 

Byte # 
12 13 

20 00 
20 01 
20 02 
20 03 
20 04 
20 06 
20 07 
20 08 
20 09 
2·0 - OA 
25 00 
26 00 
26 01 
26 02 
2C 00 

Byte # 
12 13 

28 00 

29 00 

Byte # 
12 13 

27 00 

. Sheet 3 of 4 

Sense Key ILLEGAL REQUEST (5H) 

Description 

Invalid Command Descriptor Block 
Illegal opcode 
Illegal function for device type 
Unsupported function 
Reserved bit/field used 
COB length error - too long 
COB length error - too short 
Illegal value in COB field 
Fixed bit is set while in variable block mode 
Fixed bit is not set while in fixed block mode 

Invalid LUN 
Invalid field in Parameter List 

Requested density not available 
Fixed length not in valid range 

Command sequence error 

Sense Key UNIT ATTENTION (6H) 

Description 

Not ready to ready change, medium could have 
changed 

Power-on, Reset, or Bus Device Reset occurred 

Sense Key DATA PROTECT (7H) 

Oeser i pt ion 

Write protected 
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Table 6-15. Additional Sense Code Definitions 
(Sense Bytes 12 and 13) 

Byte # 
12 13 

2E 00 

Byte # 
12 13 

60 00 
61 00 

Byte # 
12 13 

43 00 
43 01 
43 02 
43 03 
47 00 
48 00 
49 00 
49 01 
49 02 
4A 00 
4B 00 

Byte # 
12 1.3 

63 00 

Sheet 4 of 4 

Sense Key BLANK CHECK (8H) 

Description 

Tape void detected 

c:: L( I rnoy ARnRTl=n i ilH i ""ense ne} ""...." ....,.....,.,. -- ,r" • I 

Description 

Status error from second party on copy 
Copy cannot execute since host cannot 

Sense Key ABORTED COMMAND 

Description 

Message retry error 
Message parity error 
Initiator detected error 
Message parity error 

Interface parity error 
Initiator detected error 
Message out error 

Inappropriate message 
Illegal message 

Command phase error 
Data out error 

Sense Key VOLUME OVERFLOW 

Description 

Insufficient capacity 
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(BH) 

(DH) 

conmand 
disconnect 
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6.8.4 Read Block Limits Command (05H) 

BIT 7 6 5 
BYTE 

0 

1 logical Unit Number 

2 

3 

4 

5 Vendor Unique 

6-40 

4 3 

Operation Code 

Reserved 

Reserved 

Reserved 

Reserved 
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2 1 0 

Reserved 

Flag link 
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The Read Block Limits command returns the minimum and maximum 
block sizes the-MTS can read and write. Both variable- and 
fixed-length blocks are-allowed. Blocks from 1 to 16,277,215 
(FFFFFFH) bytes in length can be written and read. This is the 
maximum block length allowed by the ANSI SCSI specification. The 
MTS must be in non-buffered mode (as set by the Mode Select 
command) for block lengths greater than 262,142 (03FFFEH) bytes. 
The format of the data returned during the data phase of the Read 
Block Limits command is shown in Table 6-16. 

Table 6-16. Read Block Limits Data 

BYTE DESCRIPTION 

0 Reserved 

1 Maximum Block Length (MSB) 

2 Maximum Block Length 

3 Maximum Block Length (LSB) 

4 Minimum Block Length (MSB) 

5 Minimum Block Le~gth- (LSB) 

The following parameter values are returned in Read Block Limits 
data: 

95521 

Maximum Block Length = 16,277,215 (FFFFFFH) bytes 
Minimum Block Length = 1 (000001H) byte 
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6.S.5 Read Command (OSH) 

BIT 7 6 5 4 3 2 1 0 
BYTE 

0 Operat i 0." Code 

1 logical Unit Number Reserved Fixed 

2 Transfer Length (MSB) 

3 Transfer length 

4 Transfer Length (lSB) 

5 Vendor Unique Reserved Flag Link 

The Read command transfers one or more block(s) of data to the 
initi~tor beginning ~ith the next block on t~pe or the next block 
in the data buffer if the MTS has been reading ahead. 

The MTS implements both fixed-block and variable-block read 
commands. The fixed bit specifies both the meaning Qf the 
transfer length field and whether fixed-length or variable-length 
block(s) are to be transferred. 

Variable-Block Read 

A Mode Select command is used to set the MTS into variable-block 
mode. If the fixed bit does not match the current mode set in 
the MTS, the command returns a Check Condition status and sets 
the sense key to Illegal Request. 

If the fixed bit is zero, a single block will be transferred with 
the transfer length specifying the maximum number of bytes the 
initiator has allocated for the returned data. If the actual 
block length is different from the specified transfer length, a 
Check Condition status is returned and the incorrect length 
indicator (ILl) bit and valid bit in request sense data set to 
one. The information bytes in the request sense data are set to 
the difference (residue) between the requested transfer length 
and the actual block length. The MTS returns a negative residue 
(two's complement notation) when the actual block length exceeds 
the transfer length. No more than transfer length bytes are 
transferred to the initiator. 

If a filemark is read, the MTS returns a Check Condition status 
to the initiator and sets the filemark bit to one in the sense 
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data. In variable-block mode, the valid bit is set to one and 
the information bytes set to the requested transfer length 
because no data was transferred to the initiator. 

Fixed-Block Read 

The MTS can be set to fixed-block mode with the Mode Select 
corrmand. The block length is a parameter sent by the Mode Select 
command. The fixed bit in the command descriptor block is set to 
one for a fixed block read. If the fixed bit does not match the 
current mode set in the MTS, the command returns a Check 
Condition status and sets the sense key to Illegal Request. 

If the fixed bit is one, the transfer lenqth specifies the number 
of blocKs to be transferred to the initiator. Therefore, a 
successful Read command with the fixed bit equal to one transfers 
the current block length times the transfer length bytes of data 
to the initiator. 

If the fixed bit is one and a block is read that is larger or 
smaller than the current block length, a Check Condition status 
is returned to the initiator. The ILL bit and the valid bit in 
request sense data are set to one. The information bytes are set 
to the difference (residue) between the requested transfer length 
and the actual number·of blocks read (not including the incorrect 
length block). Upon termination, the tape is positioned after 
the incorrect length block (EDT side). 

If a filemark is encountered during a Read command, the MTS 
returns a Check Condition status to the initiator and sets the 
filemark bit to one in the sense data. If in fixed-block mode, 
the valid bit is set to one and the information bytes set to the 
difference (residue) between the requested transfer length and 
the actual number of blocKs read (not including the filemark). 
Upon termination, the tape is positioned after the filemark (EDT 
side) . 

Fixed block read commands can transfer large amounts of data with 
a single command. The 256K cache buffer allows the MTS to read 
ahead keeping the tape drive streaming. The buffer also allows 
the MTS to transfer data on the SCSI bus at higher than tape 
rates. The· MTS disconnects from the SCSI bus during the data 
transfer to allow other SCSI devices to use the SCSI bus. The 
disconnects occur on block boundaries. As the buffer becomes 
full, the MTS arbitrates for the bus and reselects the initiator 
to continue the data transfer. Switches (Read Buffer Threshold) 
on the SCSI interface board control the amount of data 
transferred during each reselection. 
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If an uncorrectable read error is encountered, the MTS will 
automaticly attempt to recover the failing block with retry 
actions. The MTS issues a back space block followed by a read to 
reposition the tape and read the block again. The number of 
retries (0,5,10, or 15) is determined by switches on the SCSI 
interface board .. -If the retry actions are not successful, The 
block is read once in the reverse direction. The data is 
transferred to the initiator in the correct order as if the block 
had been read.in the forward direction. If the block is not read 
successfully, Check Condition status is returned and Media Error 
sense key is set in the request sense data. The tape is 
positioned after (EOT side) the failing block. 

The MTS does not return Check Condition status when EDT is 
detected because additional blocks may have been recorded beyond 
the EOT marker. 

If the transfer length is equal to zero, no data is transferred 
to the initiator and the tape position is not changed. This is 
not considered an error condition. 
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6.8.6 Write Command (OAH) 

: 

I 

BYTE I I i I I I I I I 
7 6 5 4 3 2 o 

0 Operation Code 

1 Logical Unit Number I Reserved I Fixed 

2 Transfer Length (MSB) 

3 
I 

Transfer Length 

4 Transfer Length (LSB) 

5 Vendor Unique I Reserved I Flag I Link 

The Write command transfers one or more blocK(s) of data from the 
initiator to the MTS. The blocKs of data are recorded on tape 
and checKed for validity (read after write) in the order 
received. The MTS implements both fi"xed-blocK and variable-blocK 
writes. The MTS can execute Write commands in buffered or not 
buffered mode. Buffered mode is set by the Mode Select command .. 
The 256K cache buffer is used for all "Write commands. 

Buffered Mode 

Buffered mode is set by the Mode Select command. In buffered 
mode the MTS reports Good status after the data specified by the 
command has been transferred into the cache buffer. The data may 
not have been completely written to tape. This allows the MTS to 
store the data from several write commands in the cache buffer 
before writing the data to tape. 

If errors ·are detected while writing the data to tape, ChecK 
Condition status will be returned on the next command received 
from any initiator. A Reserve Unit command should be used to 
reserve the MTS to a single' initiator to prevent this deferred 
error status from being presented to the wrong initiator. 

The MTS can operate in buffered mode for both fixed-blocK and 
variable-blocK Write commands. 
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Not Buffered Mode 

The Mode Select command is used to set the MTS into Not Buffered 
mode. In this mode, status for the command is reported only 
after the data has actually been written to tape. Data from only 
one Write command resides in the .cache buffer at any time. The 
MTS can operate in not buffered mode for both fixed-block and 
variable-block Write commands. 

Variable-Block Write 

The fixed bit specifies both the meaning of the transfer length 
field and whether fixed- length or variable-length block(s) are 
to be transferred. 

If the fixed bit is ZERO, a single block is transferred from the 
initiator. The transfer length specifies the length of the block 
to be written (in bytes). If the MTS is 'not in variable-block 
mode, a Check Condition status is returned and Illegal Request 
sense key is set in request sense data. 

Fixed-Block Write 

If the fixed bit is one, the transfer length field specifies the 
number of block(s) to be transferred to the MTS. If the MTS is 
not in fixed-block. mode, Check Condition status is returned and 
Illegal Request sense key set in the sense data. 

A single fixed-block Write command can transfer a large amount of 
data to the MTS. The MTS disconnects from the SCSI bus after 
filling the cache buffer to allow other SCSI devices to utilize 
the bus. It arbitrates for the SCSI bus and reselects the 
initiator to continue the data transfer when there is sufficient 

- space in the buffer for more data. The data transfer phase is 
broken on block boundaries. The MTS manages the buffer to keep 
the tape drive streaming while still allowing other SCSI devices 
access to the SCSI bus. 

The MTS performs automatic write retry actions when errors are 
detected during the Write operation. The retry involves 
backspacing over the block in error and issuing an erase gap 
command to the drive. The block is then rewritten. The number 
of retry actions performed (0,5,10,15) is determined by switches 
on the SCSI interface card. 

The MTS reduces the size of its cache buffer near EDT to insure 
that all data stored in the buffer can be written to tape once 
the EDT marker is detected. If EDT is encountered while writing, 
the data in the buffer is written to tape and the command is 
terminated with Check Condition status. The EDM bit is set and 
the sense key is set to No Sense. If the 'fixed bit is one, the 
valid bit is set in request sense data and the information bytes 
are set to the difference (residue) between the requested 
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transfer length and the actual number of blocks written to tape. 

If the transfer length is zero, no data is transferred and the 
tape position is not changed. This condition is not considered as 
an error. 
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6.8.7 Read Reverse Command (OFH) 

BIT 7 6 5 4 3 2 1 0 
BYTE 

0 Operation Code 

1 Logical Unit Number Reserved Fixed 

2 Transfer length (MSB) 

3 Transfer length 

4 Transfer length (lSB) 

5 Vendor Unique Reserved Flag link 

The Read Reverse command functions identically to the Read 
command except that motion is in the reverse direction. Thus, the 
block(s) and bytes within the block(s) are transferred in the 
reverse order and the tape position upon termination is before 
the last block read (BOT side). This command terminates with a 
Check Condition status and the EOM bit in sense data set to one 
if BOT is encountered. The sense key is set to No Sense. If the 
fixed bit is one, then the valid bit is set to one and the 
information bytes contain the difference (residue) of the 
requested transfer length and the actual number of blocks 
transferred before BOT was encountered. 

The reporting of incorrect length indication (ILL) is the same as 
for a Read command. Negative residues are implemented. Filemark 
handling is the same as in the Read command except that the tape 
position upon command termination is before the filemark (BOT 
side) . 

If the transfer length is zero, 
current position on the tape not 
considered as an error. 

no data is transferred and the 
changed. This condition is not 

The MTS implements both fixed-block and variable-block modes. If 
the fixed bit does not match the current mode of the MTS, the 
command returns a Check Condition status and sets the sense key 
to Illegal Request. 

The MTS does not read ahead (in this case toward BOT) after 
receiving a Read Reverse command. 
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6.8.8 Write Filemarks Command (1 OH) 

7 6 5 4 3 2 o 
!BYTE I I t I I I I I 

0 Operation Code 

1 logical Unit Number I Reserved 

2 Number of F i 1 emarks (MSB) 

3 Number of Filemarks 

4 Number of Filemarks (lSB) 

5 Vendor Unique I Reserved I Flag -, link 

The Write Filemarks command writes a specified number of 
filemarks beginning at the current location on tape. The number 
of filemarks field specifies the number of filemarks to be 
written in the current tape density. If a ZERO is in this field, 
no filemarks are written. 

This command writes any buffered write data to tape before 
writing the specified number of filemarks. The MTS will 
disconnect from the SCSI bus while writing the buffered data and 
the filemarks. If the sync on Two Filemarks option is not 
enabled, Good status is returned only after all the data blocks 
in the cache buffer and the filemarks have been written 
correctly. If the MTS is in buffered mode and the sync on Two 
Filemarks option is enabled, a command to write one filemark will 
return Good status and place the filemark in the buffer. A Write 
Zero Filemark command can be used to synchronize the cache 
buffer. 

If EDT is detected, the MTS will finish writing any buffered 
write data and any buffered filemarks. If the MTS is not able to 
write all of the filemarks requested by the command, the EO~·bit, 
No Sense sense key and the valid bit will be set. The 
information bytes will contain the number of unwritten filemarks. 
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6.8.9 Space Command (11 H) 

BIT 7 6 5 4 3 2 1 0 
BYTE 

0 Opera t i on Code 

1 logical Unit Number Reserved Code 

2 Count (MSB) 

3 Count 

4 Count (lSB) 

5 Vendor Unique Reserved Flag link 

The Space command positions the tape in the forward or backward 
direction as specified by the code bits in the comnanddescriptor 
block. This command provides three methods of moving tape 
forward or 'backward. The MTS can space over multiple blocks, 
multiple filemarks, or to the first occurance of N consecutive 
filemarks. The count field defines the number blocks or 
filemarks to be spaced ove~. The type of positioning is· 
specified by the code field in the command descriptor block. The 
MTS does not support positioning to the physical end-of-data 
because the physical end-of-data is not defined by either the 
1600 bpi PE or 6250 bpi GCR tape formats. When spacing over 
blocks or filemarKs, the count field specifies the number of 
blocks or filemarks to be spaced over. The count field is 
interpreted as follows: 

1. A positive value N in the count field causes forward movement 
of the tape over N blocks or filemarks. The tape is 
positioned on the EOT side of the last block or filemark 
after the completion of the command. 

2. A ZERO in the count field does not move the tape. 

3. A negative value -N (2's complement notation) in the count 
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field causes backward movement of the tape over N blocks or 
filemarks. At the completion of the command, the tape is 
positioned on the BOT side of the last block or filemark. 
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The code field is defined as follows: 

CODE DESCRIPTION 

0 0 BlocKs 
0 1 FilemarKs 
1 0 Sequential Filemarks 
1 1 Physical End-of-Data (not used) 

If a filemarK is encountered while spacing over blocKs, tape 
motion is stopped. The tape will be positioned on the EOT side 
of the filemark if movement was forward or on the BOT side of the 
filemarK if movement was bacKward. A ChecK Condition status is 
returned to the initiator. The filemark and valid bits are set 
in the sense data. - The sense key is set to No Sense. The 
information bytes will be set to the difference (residue) between 
the requested count and the actual number of blocKs spaced over 
(not including the filemarK). 

If BOT is encountered while spacing over blocKs or filemarKs in 
bacKward direction, a Check Condition status is returned to the 
initiator. The EOM bit and no Sense sense Key are set in the 
sense data. The valid bit will be set to ONE and the information 
bytes to the difference (residue) between the requested count and 
the actual number of blocks or filemarKs spaced over: 

When spacing over sequen~ial filemarKs, 
interpreted as follows: 

the count field is 

1. A positive value N causes forward tape movement to the first 
occurrence of N or more consecutive filemarks stopping on the 
EOT side of the Nth filemark, 

2. A ZERO causes no tape movement. 

3. A negative value -N (2's complement notation) moves tape 
backward to- the first occurrence of N or more consecutive 
filemarks. The tape is positioned on the BOT side of the Nth 
filemark at the completion of the command. 

On Space commands with the count not equal to ZERO, the MTS 
disconnects from the SCSI bus after the Command phase. The 
initiator will be reselected and status presented after 
completion of the space operation. 
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6.8.10 Inquiry Command (12H) 

BIT 7 6 5 4 3 2 1 0 
BYTE 

0 Operation Code 

1 Logical Unit Number Reserved 

2 Reserved 

3 Reserved 

4 Allocation Length 

5 Vendor Unique Reserved Flag I Link 

The Inquiry command causes the MTS 
the initiator. The Inquiry 

to transfer Inquiry data to 
da t a def ines the bas i c 

characteristics on the MTS. 

The allocation length specifies the number of bytes that th~ 
initiator has allocated for .returned Inquiry data. An allocation 
length of ZERO indicates that no Inquiry data is to be 
transferred. This condition is not considered as an error. Any 
other value indicates the maximum number of bytes that can be 
transferred. The MTS will terminate the Data In phase when 
allocation length bytes have been transferred or when all 
available Inquiry data has been transferred to the initiator, 
whichever is less. 

The Inquiry command returns a Check Condition status only when 
the MTS cannot return the requested Inquiry data. The MTS returns 
Inquiry data when the tape drive is ready or not ready, online or 
off 1 i ne. 

If an Inquiry command is received from an initiator with a 
pending unit attention condition (before the Check Condition 
status has been reported to that initiator), the MTS will execute 
the Inquiry command and not clear the unit attention condition. 

The Inquiry data (Table 6-17) contains a five byte header, 
followed by the two bytes of MTS unique parameters. 

The peripheral device type field is set equal to 01H, 
sequential-access device. 

The removable medium (RMB) bit is set to one to indicate that the 
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Table 6-17. Inquiry Data 

I BIT 7 I 
6 . I 5 I 

4 

I 3 I 
2 

I 
i 

I 
0 I BYTE I 

0 Peripheral Device Type 

1 RMB I Dev"i ce-Type Qua 1 if i er 

2 ISO Version I ECMA Version I ANSI Version 

? I Reserved .) .. - -" . --

4 Additional Length (n) 

Vendor Unique Parameters 

5 
, 

StorageTek Microcode Level 0'\58) 

6 StorageTek Microcode level (lSB) 

tape is removable. 

The device-type qualifier is not implemented by the MTS, This 
field is set to zero. 

The ISO and ECMA version fields are set to zero indicating that 
the MTS does not claim compliance to these - standards at this 
time. 

The ANSI version is set to 1H indicating that the MTS complies 
with ANSI X3.131-1986 (SCSI REV 178). 

The additional length specifies the length in bytes of the MTS 
unique parameters. The additional length is set to 02H. The two 
bytes of MTS unique parameters define the microcode level of the 
MTS. If the allocation length in the command descriptor block is 
too small to transfer all of the vendor unique parameters, the 
additional length is not adjusted to reflect the truncation. 
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6.8.11 Verify Command (13H) 

BIT 7 6 5 4 3 2 1 
BYTE 

0 Operat i on Code 

1 logical Unit Number Reserved Bytecmp 

2 Verification length (MSB) 

3 Verification length 

4 Verification length (lSB) 

5 Vendor Unique Reserved Flag 

The Verify command will be implemented at a later date. 
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6.8.12 Recover Buffered Data Command (14H) 

7 6 5 4 3 2 o 
IBYTEI I I 1 ·1 l J I I i 

0 Operation Code 

1 Logical Unit Number 1 Reserved I Fixed 

2 Transfer Length (MSB) 

3 Transfer Length 

4 Transfer Length (LSB) 

5 Vendor Unique I Reserved I Flag I Link 

The Recover Buffered Data command is used to recover data that 
was transferred to the cache buffer but has not been written ~o 
tape. This command is normally only used by an initiator to 
recover from an error or exception" condition that made it 
impossible to write the buffered data to tape. 

This command functions similarly to the Read command "except that 
the data is transferred from the cache buffer instead of from 
tape. The order in which block(s) are transferred is the same as 
if they had been written to the tape (FIFO). One or more Recover 
Buffered Data commands may be used to read the unwritten buffered 
data. 

This command can operate in either fixed-block or variable-block 
mode. If the Fixed bit does not match the current mode of the 
machine (as set by the Mode Select command), the command will be 
rejected with Check Condition status and Illegal Request set in 
the sense information. 

In fixed-block mode, the transfer length specifies the number of 
blocks to be transferred from the buffer. If the transfer length 
is equal to zero, no data is transferred. This is not an error 
condition. If the length of a block read from the buffer does 
not match the fixed block length as set by the Mode Select 
command, Check Condition status is returned and Illegal Length 
Indication is set in the sense information. The Valid bit is set 
and the information bytes are set to the difference (residue) 
between the requested transfer length and the actual number of 
blocks read (not including the incorrect length block). 

In variable-block mode, each Recovered Buffered Data command will 
transfer one block of data from the cache buffer. The transfer 
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length specifies the number of bytes to be transferred. If the 
transfer length is equal to zero, no data is transferred. This 
is not an error condition. 

If"an attempt is made to recover more logical blocks of data than 
are contained in the buffer, the command is terminated with a 
Check Condition status. The EOM bit in the sense information 
will be set to ONE. If the fixed bit is ONE, the valid bit will 
be set. to ONE and the information bytes set to the di fference 
(residue) between the requested transfer length and the actual 
number of b locks transferred. I f the fixed bi tis ZERO, the 
valid bit is set- to ONE and the information bytes set to the 
difference (residue) between the requested transfer length and 
the number of bytes act~a-lly transferred. 
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6.8.13 Mode Select Command (15H) 

I RITI 

IBYTEI 
0 

1 

2 

'l 
oJ 

4 

5 

7 6 5 

i i 

logical Unit Number 

Vendor Unique I 

4 3 2 

i i i 

Operation Code 

J 
Reserved 

Reserved 

Reserved 

Parameter list length 

Reserved 

o 

i i 

I F!ag I link 

The Mode Select command is used to specify the tape density and 
oper~ting parameters of the MTS. 

The parameter list length specifies the length in bytes of the 
Mode Select. parameter list that is transferred during the Data 
Out phase of the command. If the parameter list length is equal 
to.ZERO, the MTS will not transfer any parameter data. This is 
not an error condition. 

The Mode Select parameter list (Table 6-18) contains a four-byte 
header, followed by zero or one eight-byte block descriptor. The 
MTS will accept a Mode Select command with zero block 
descriptors. This is useful for setting and re-setting buffered 
mode. If more than one blocK descriptor is indicated by the block 
descriptor length, a Check Condition status is returned and 
Illegal Request sense key set in the sense information. Vendor 
unique parameter data is not supported by the MTS. 

Buffered mode determines when status is returned on Write 
commands. If buffered mode is set to ZERO, Good status is not 
reported on Write commands until the data has actually been 

·written to tape. If buffered mode is set to ONE, Good status is 
returned as soon as all the data specified by the command has 
been transferred into the cache buffer. In buffered mode, error 
conditions can occur after Good status has been presented for the 
command. These deferred error conditions are reported as Check 
Condition status on the next command received by the MTS. This 
next command does not have to originate from the same initiator 
that sent the Write command. Buffered modes of 2H through 7H are 
invalid and will result in Check Condition status with Illegal 
Request set in the sense information. 
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Table 6-18. Mode Select Parameters 

BIT 7 6 5 4 3 2 1 
BYTE 

0 Reserved 

1 . Reserved 

2 Reserved Buffered Mode Speed 

3 Block Descriptor Length 

Block Descr i ptor (s) 

0 Density Code 

1 Number of Blocks (MSB) 

2 Number of Blocks 

3 Number of Blocks (LSB) 

4 Reserved 

5 Block Length (MSB) 

6 Block Length 

7 Block Length (LSB) 

Vendor Unique Parameter(s) 

O-n Vendor Unique 
Parameter Byte(s) 

Code values for the speed field are assigned as follows: 

OH 
lH 
2H 

Default to 100 ips 
50 ips 
100 ips 

0 

The block descriptor length specifies the length in bytes of all 
the block descriptors. This value is equal to the number of 
block descriptors times eight and does not include the vendor 
unique parameters, if any. A block descriptor length of zero 
indicates that no block descriptors are included in the parameter 
list. Only block descriptor lengths equal to zero or eight are 
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accepted. Other values return ChecK Condition status and set 
Illegal Request sense key in the sense information. 

The block descriptor is used to set fixed-length or 
variable-length mode and the tape density. The tape can be 
written in either of two densities: PE or GeR. The density may 
be changed only when the tape is positioned at BOT. 

The valid density codes are as follows: 

OOH Default to 6250 GCR (or current. density if operator panel 
switch is not set to System Select.) 

02H 1600 PE 
03H 6250 GCR 

If the operator panel switch is set to System Select, the default 
density is 6250 bpi GCR. Otherwise, the default density is the 
current density determined by the switch on the operator panel. 
When not in System Select, a Mode Select command with a density 
that does not match the density set in the switches will return 
Check Condition status and set Illegal Request Sense Key. 

A block length of zero puts the MTS in variable-length mode. 
Fixed-length mode i·s set by specifying the number of bytes in 
each block in the block length field. The block length and mode 
may be changed away from BOT. Block lengths of 1 (000001H) to 
1 6 , 777 , 2 1 5 (F F F F F F H) by t e s . are . allowed. 

The number of blocKs field must equal ZERO to indicate that the 
specified block length is in effect for the remainder of the tape 
or until changed. . 

The mode select parameters are set to the following default 
values at power on or after a SCSI bus reset. 

100 ips 
6250 bpi GCR (or current density if operator panel 

switch is not set to System Select) 
Variable length 
Buffered mode 
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6.8.14 Reserve Unit Command (16H) 

BIT 7 6 5 4 3 2 1 0 
BYTE 

0 Operation Code 

1 Logical Unit Number 3rdPty Thi rd Party" Device 10 Reserved 

2 Reserved 

3 Reserved 

4 Reserved 

5 Vendor Unique Reserved Flag Link 

The Reserve Unit command reserves the MTS for the exclusive use 
by a single initiator. That ini tiator may be the one that 
issued the Reserve Unit command or a third party whose SCSI 10 is 
specified by the command. The third-party option of the command 
is implemented by the MTS. 

The MTS remains reserved for 'an initiator until that reservation 
is released. The reservation can be' released by a Release Unit 
command only from the initiator that made the reservation. The 
reservation can be superceded by another Reserve Unit command 
from the same initiator. A "Hard" Reset or a Bus Device Reset 
message will release the reservation. These resets generate a 
Unit Attention condition that is reported as Check Condition 
status on the following command. The Reserve Unit Command will 
return Good status if the MTS is already reserved to the 
initiator issuing the command. 

The Reserve Unit command reserves the specified Logical Unit to 
an initiator. The MTS has a single Logical Unit which is address 
OH. Therefore, the Reserve Unit command will reserve the entire 
subsystem to a single initiator. The command will return Check 
Condition status if the LUN is not equal to OH. 

If the MTS is already reserved by another initiator, this command 
will return Reservation Conflict status and the reservation is 
not broken. The MTS does not queue reservations. While reserved 
to an initiator, all commands from other initiators will be 
rejected with Reservation Conflict status. The only exception is 
a Release Unit command from another initiator which will return 
Good status but does not break the reservation. 
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The third-party reservation option of the Reserve Unit command 
allows an initiator to reserve the MTS for use by another SCSI 
device. If the third-party (3rdPty) bit is ZERO, then the 
third-party reservation option is not requested and the 
third-party device 1D field is ignored. If the 3rdPty bit is 
ONE, then the conmand" reserves the MTS to the SCSI device 
specified in the third party device ID field of the the command 
descriptor block. The reservation will be broken by a Release 
Unit command only from the initiator that issued the original 
Reserve Unit command. The MTS can be reserved to a different 
SCSI 10 by another Reserve Unit command (with a different 
third-party device 10) from the initiator that issued the 
original Reserve Unit command. This is called a superceding 
reservation. A Bus Device Reset message nr a "Hard ll Reset from 
any initiator releases the third-party reservation. A Release 
Unit command from any initiator other than the initiator that 
issued the original third-party reservation command will receive 
Good status but the reservation will not be broken . 

. The thi rd-par ty option of the Reserve Un"; t command is usefu 1 ina 
multiple-initiator system to reserve the source device and/or 
destination device to the copy manager. This is necessary to 
preserve data integrity during a Copy operation. 
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6.8.15 Release Unit Command (17H) 

BIT 7 6 5 4 3 2 1 0 
BYTE 

0 Operation Code 

1 Logical Unit Number 3rdPty Thi rd Party Device 10 Reserved 

2 Reserved 

3 Reserved 

4 Reserved 

5 Vendor Unique Reserved Flag Link 

The Release Unit command releases the MTS if it is currently 
reserved to the initiator issuing the corrmand. The MTS is then 
able to execute commands from any initiator. The reservation is 
not released if the Release Unit command is issued by an 
initiator 'other than the initiator holding the current 
reservation. A Release Unit command from an initiator to which 
the MTS is not currently reserved will receive Good status 
without releasing the reservation. ,When not reserved to any 
initiator, the MTS will also return Good status in response to a 
Release Unit command. 

The MTS has a single logical unit (LUN), address OH. A Release 
Unit command to a LUN other than OH will receive a Check 
Condition status with Illegal Request sense Key set in sense 
information and not release the reservation. 

The MTS implements the third-party release option of the Release 
Unit command. This option allows an initiator that used the 
third-party reserve option to reserve the MTS to some other 
initiator to release that reservation. The third-party release 
option is intended to be used with the third-party reserve option 
in multiple-initiator systems that employ the Copy command. The 
third-party reserve/release is necessary to preserve data 
integrity during a Copy operation. 

If the third-party (3rdPty) bit is ZERO, then the third-party 
release option is nqt requested. If the 3rd-Pty bit is ONE, the 
MTS will release the third-party reservation only if the 
initiator issuing the Release Unit command is the same initiator 
that reserved the MTS using the third-party reservation option of 
the Reserve Unit command and the same SCSI device is specified in 
the third-party device 10 field of the command descriptor blocK. 
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6.8.16 Copy Command (18H) 

i 4 3 2 
IBy~~1 

I 

I 
- I 

.., 

I I 
-

J 
, 

0 Operation Code 

1 logical Unit Number I Reserved 

2 Parameter list length (MSB) 

I 3 I Parameter List Length 

4 Parameter list length (lSB) 

5 Vendor Unique I Reserved I Flag 

The Copy command will be implemented at a later date. 
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6.8.17 Erase Command (19H) 

BIT 7 6 5 4 3 2 1 0 
BYTE 

0 Operation Code 

1 logicaf Unit Number Reserved long 

2 Reserved 

3 Reserved 

4 Reserved 

5 Vendor Unique Reserved Flag link 

The Erase command erases tape starting at the current position. 
This conmand has two options: 

If the long bit is equal to ZERO, a short erase is performed, 
erasing a normal length erase gap as determined by the current 
density setting. If the long bit is equal to ONE, tape is erased 
from the current position to EDT. The Erase command does ·not 
rewind the tape to BOT. 

If the tape is positioned at BOT, this command writes the correct 
10 area for the current density setting before performing the 
erase. The MTS disconnects from the SCSI bus while performing 
the erase operation. It reselects the initiator to return status 
when the operation is complete. 
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6.8.18 Mode Sense Command (1AH) 

I BITI 
IBYTEI 

0 

1 

2 

3 

4 

5 

7 6 5 

i i 

Logical Unit Number 

Vendor Unique I 

4 3 

1 1 

Operation Code 

, 

Reserved 

Reserved 

A11ocation Length 

Reserved 

2 I 0 

i i I· 

Reserved 

I Flag I Link 

The Mode Sense command reports the medium and device parameters 
of the MTS to the initiator. This is a complementary command to 
the Mode Select command. 

The allocation length specifies the number of bytes that the 
initiator has allocated for returned Mode Sense data. If the 
allocation length is equal to ZERO no Mode Sense data is 
transferred. This is not an error condition. The allocation' 
length is the maximum number of bytes that can be transferred to 
the initiator. The MTS will terminate the Data In phase of the 
command when the allocation length bytes have been transferred or 
when all available Mode Sense data have been transferred, 
whichever is less, 

The Mode Sense data (Table 6-19) contains a four-byte header, 
followed by an eight-byte blocK descriptor. The MTS does not 
return any vendor unique parameter data. The sense data length 
specifies the length in bytes of the mode sense data that is 
available to be transferred during the Data In phase of the 
command. This length does not include itself. An additional 
sense value of OSH is returned by the MTS. A value of OOH 
(default - only one medium type supported) is returned in the 
Medium Type field. 
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Table 6-19. Mode Sense Data 

BIT 7 6 5 4 3 2 1 0 
BYTE 

0 Sense Data length 

1 Medium Type 

2 WP Buffered Mode Speed 

3 B10ck Descriptor length 

B10ck Descr i ptor (s) 

0 Density Code 

1 Number of B10cks (MSB) 

2 Nuinber of Blocks 

3 Number of B10cks (lSB) 

4 Reserved 

5 B10ck length (MSB) 

6 Block length 

7 Block Length (LSB) 

Vendor Unique Parameter(s) 

O-n Vendor Unique 
Parameter Byte(s) 

If the write protected bit (WP) is ZERO, the tape is write 
enabled. The write protected bit is set to ONE if the tape reel 
is write protected (write protect ring not installed). 

A buffered mode of ZERO indicates that the MTS is not in buffered 
mode and will report Good status on Write commands only after the 
data blocks are actually written on tape. A buffered mode of ONE 
indicates the MTS is in buffered mode and will report Good status 
on Write commands as soon as the data has been transferred to the 
cache buffer. 
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The speed field indicates the present speed setting of the drive. 
Code values are as follows: 

1H 
2H 

50 ips 
100 ips 

The block descriptor length specifies the length in bytes of the 
blocK descriptors. This length is equal to the humber of blocK 
descriptors times eight. The MTS returns one blocK descriptor in 
the Mode Sense data. Therefore, the value in the blocK 
descriptor length field is 08H. 

The blocK descriptor reports the current density settings and 
blocK length of the MTS. The density codes are as follows: 

02H 1600 bpi PE 
03H 6250 bpi GCR 

The value returned in the number of blocks field is OOOOOOH to 
indicate that the density is the same for the ~ntire tape. The 
density can be changed only when the tape is positioned at BOT. 
The blocK length indicates the current blocK length set in the 
MTS. A blocK length of ZERO indicates that the MTS is in 
variable-blocK mode. The blocK length can be changed when the 
tape is positioned at BOT or away from BOT. 
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6.8.19 Load/Unload Command (1 BH) 

BIT 7 6 5 4 3 2 1 0 
BYTE 

0 Operation Code 

1 Logical Unit Number Reserved Immed 

2 Reserved 

3 Reserved 

4 Reserved 

5 Vendor Unique Reserved Flag Link 

The Load/Unload command enables or disables the MTS for future 
opera t ions. I f the load bi tis equa 1 to ONE, the tape is 
threaded and positioned at BOT, and the drjve made ready and 
online. If the immediate bit is ONE, Good status is returned 
before the tape is actua lly loaded. I f the illlTIedi ate b·i tis 
ZERO, Good status is returned only after the tape is loaded and 
the drive is ready and online. 

If the load bit is ZERO, the tape will be rewound to BOT and 
unthreaded. The tape can then be removed from the drive. Status 
for this command is returned as soon as the rewind or unload has 
begun regardless of the state of the immediate bit. 

The Re-tension option is not supported by the MTS. The 
Re-tension bit must be set to ZERO. If the re-tension bit is set 
to ONE, this command will return Check Condition status and set 
Illegal Request in the sense information. 
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6.8.20 Receive Diagnostic Results Command (1 CH) 

7 6 5 4 3 2 o 
IBYTEI I I I I I I I I 

0 Operation Code 

1 logical Unit Number I Reserved 

2 Reserved 

~ All ocat i on length (MSB) J 

4 Allocation length (lSB) 

5 Vendor Unique I Reserved I Flag I Link 

The Receive Diagnostic Results command transfers diagnostic data 
to the initiator. This data was generated by diagnostic tests 
initiated by a previous Send Diagnostic command. 

The allocation length specifies the maximum number of bytes that 
the initiator has allocated for returned Receive Diagnostics 
data. The Data In Phase is terminated when allocation length 
bytes or all available Receive Diagnostic Data has been 
transferred, whichever is less. 

The format of the Receive Diagnostic data is determined by the 
previous Send Diagnostic command. Receive Diagnostic data is 
available after executing the following Send Diagnostic commands: 

Perform All Diagnostics (01) 
Loop Write-To-Read (02) 
Examine DAR/FAR (F3) 
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6.8.21 Send Diagnostic Command (1 DH) 

BIT 7 6 5 4 3 2 1 0 
BYTE 

0 Operation Code 

1 Logical Unit Number Reserved Self Test DevOfl UnitOfL 

2 Reserved 

3 Parameter List Length (MSB) 

4 Parameter List Length (LSB) 

5 Vendor Unique Reserved Flag Link 

6.8.21.1 SELf-TEST BIT (1) COMMANDS 

When the self-test bit is equal to one, the Send Diagnostic 
Conmand requests the ·MTS to run its self-test diagnostics. Two 
self-test packages are possible: Loaded Diagnostics and SCSI 
Card Diagnostics. The unit off line bit (UnitOfl) determines 
which self-test is executed .. If the self-test bit is one, no 
data is transferred between the initiator and the MTS. If the 
self-test bit is one and the parameter bit length is not equal to 
zero, Check Condition status is returned and Illegal Request 
sense key is set in sense data, Good status is returned if the 
self-test executes successfully. Check condition status - is 
returned and Hardware Error sense key is set if the self-test 
does not execute successfully. The initiator must issue a Request 
Sense Command to get the number of the test that failed (sense 
byte 86) and the error code (sense byte 87). This information is 
used with the Fault Code Dictionary to isolate the failure. 

UnitOfl Bit (1) - Run Loaded Diagnostics 
If the unit off line bit is one, the loaded subset of the 
internal diagnostics are executed. The tape drive must be loaded 
for this test. The power up routine and tests that require the 
tape to be unloaded are bypassed. This self-test does not 
execute the entire set of MTS internal diagnostics tests. A 
higher percentage of failure detection and isolation can be 
achieved by executing the entire diagnostic package. (Self-Test 
Bit = 0, D i agnos tic I D = 0 1 . ) 

UnitOfl Bit (0) - Run SCSI Card Diagnostics 
If the unit off line bit is zero, the SCSI interface board 
diagnostic tests ?re executed. 
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6.8.21.2 SELF-TEST BIT (0) COMMANDS 

When the self-test bit is zero, the MTS uses parameter data from 
the initiator to determine the diagnostic to be run. The results 
of the diagnostic can be obtained with the Receive Diagnostic 
Results command. The format of the parameter data that is 
transferred during the Data Out phase of the command is shown in 
Table 6~20. 

Table 6-20. Diagnostic Parameter Data 

Byte Description 

0 Diagnostic ID 

1 Reserved 

2-n Diagnostic Parameters or Data 

The valid Diagnostic IDs are shown in Table 6-21. 

10 Byte 

01 

02 

F 1 

F2 

F3 

F4 

95521 

Table 6-21. Diagnostic IDs 

Description 

Run ent ire diagnostic pacKage 

Run Loop Write to Read 

Set next write in place 

Reset error counters 

Examine DAR/FAR 

Set dead tracKs 
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6.8.22 Write Buffer Command (3BH) 

BIT 7 6 5 4 3 2 1 0 
BYTE 

0 Operation Code 

1 LogicaJ Unit Number Reserved Mode (10) 

2 Buffer 10 (0) 

3 Buffer Offset (MSB) 

4 Buffer Offset 

5 Buffer Offset (MSB) 

6 Transfer Length (MSB) 

7 Transfer Length 

8 Transfer length (lSB) 

9 Vendor Unique Reserved 
1 

Flag I· link 

The Write Buffer command will be implemented at a later date. 
The implementation is planned to conform to the Write Buffer 
command defined in the SCSI-2 worKing document. Only data mode 
(MODE = 10) will be implemented. 
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6.8.23 Read Buffer Command (3CH) 

7 6 5 4 3 2 o 

I i i i i i i 

0 Operation Code 

1 Logical Unit Number -, Reserved I Mode (10) 

2 Buffer 10 (0) 

3 Buffer Offset (MSB) 

4 Buffer Offset 

5 Suffer Offset (LSS) 

6 Transfer Length (MSB) 

7 Transfer Length 

8 Transfer Length (LSB) 

9 Vendor Unique , Reserved , Flag , Link 

The Read Buffer command will be implemented at a later date. The 
implementation is planned to conform to the Read Buffer command 
defined in the SCSI-2 working document. Only data mode (MODE = 
10) will be implemented. 
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CHAPTER 7 

VS SIGNAL REQUIREMENTS 

AND FUNCTIONAL MODE OPERATION 

7.1 INTERFACE CIRCUITS 

The MiS-user interface circuits are shown in Figure 

7.2 INTERFACE LEVELS 

The MTS-user interface signal levels are as follows: 

True = 0 
F'a 1 se = 1 

TRANSMITTED 

O.OV - 0.4V 
2.4V - 5.0V 

7.3 INTERFACE CONNECTORS 

RECEIVED 

O.OV - O.8V 
2.0V - 5.0V 

The connectors for this interface are two 50-pin socket 
connectors (3M1 3425-7050 or equivalent). 
For information on installing cables and daisy-chaining see 
Figures 7-2 and 7-3. 

7.4 INTERFACE CABLES 

Two 50-wire flat signal cables are used to interface the MTS with 
the controller/adapter. The maximum cable length is 40 feet (12 
meters) from the controller to the last drive. 

F6r electromagnetic compatibility (EMC) purposes, shielded I/O 
cables are recommended (Spectra-strip2 152-2831-050 or 
equ i va 1 en t ) . 

A registered trademark of Minnesota Mining and Manufacturing 

2 A registered trademark of Eltra Corporation 
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C05TOWER CONTROLLER 

5N7-iJ1 OR EOUIVAlENT 

M1S 

+5V 

220 

5N7414 OR 
EQUIVALENT (5) 

r----' J30 
+5V ~ .....L. 

220 

r----' 
5N7414 OR ~ .....L. 
EQUIVALENT _ SH7431 OR EQUIVALENT 

Figure 7-1. Interface Circuits 

Table 7-1. Interface Connectors 

CONNECTORS: J1A J18 J2A 

7.5 SIGNAL LINES 

12276 

J28 

Th~ signal lines to and from the MTS and host/controller, are 
ljsted in Table 7-2. 

Refer to "Functional Mode Operation" in this manual for signal 
definitions. 
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Table 7-2. Interface Lines 
(Sheet 1 of 2) 

CONNECTOR J1 

Pin iSymbol Line Name 

1 
3 
5 
7 
9 

1 1 

FFAD Formatter Addr. 
FTA01 Address Bit 1 
FGO START Coomand 
FREV Corrrnand Bit 3 
FWRT Command Bit 2 
FWFM Command Bit 1 
FEDIT Command Bit 4 
FERASE Command Bit 0 
SPARE 

MTS 

Input 
Input 
Input 
Input 
Input 
Inout 
T_~ ..... 
.1.npUl 

Input 
i3 
15 
17 
19 
21 
23 

SPARE 
SPARE 
FFEN Formatter Enable I Input 

25 FREW Rewind To BOT Input 
27 FOFL Command Offline Input 
29 FLWD Last Word Input 
31 FWDP Write Bit P Input 
33 FWDO Write Bit 0 Input 
35 FWD1 Write Bit 1 Input 
37 FWD2 Write Bit 2 Input 
39 FWD3 Write Bit 3 Input 
41 FWD4 Write Bit 4 Input 
43 FWD5 Write Bit 5 Input 
45 FWD6 Write Bit 6 Input 
47 FWD7 Write Bit 7 Input 
49 FTADO Address Bit 0 Input 

7.6 VS INTERFACE INPUT SIGNAL DEFINITIONS 

The input line definitions given in this section are for 
functional mode only. The timing specifications given refer to 
measurements made at the user's connector. All interface lines 
are defined low-true or minus-active. 

7.6.1 MTS Address (FT ADO, FT AD 1 and FFAD) 

When the Formatter Address line (FFAD) matches the corresponding 
MTS switch position, the two address lines (FTADO·and FTAD1) are 
decoded to select one of the four possible MTSs. Table 7-3 lists 
the address codes, with 11111 being the ac;tive or true state. 

The two MTS switches corresponding to the two address lines 

95521 
EC 26026 

Kit PN 88063 7-3 



Pin 

1 
3 
5 
7 
9 

11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 
33 
35 
37 
39 
41 
43 
45 
47 
49 

Table 7-2. Interface Lines 
(Sheet 2 of 2) 

CONNECTOR J2 

Symbol Line Name 

FFBY Formatter Busy 
FDBY Data Busy 
FlO 10 Burst 
FHER Hard Error 
FCER Corrected Error 
FFMK File MarK Detected 
FROY Drive Ready 
FONL Drive Online 
FRWO Drive Rewinding 
FFPT File Protected 
FLOP Load Point (BOT) 
FEaT End Of Tape 
SPARE 
SPARE 
FDWDS Data Write Strobe 
FRSTR Data Read Strobe 
FRDP Read Bit P 
FRDO Read Bit a 
FRD1 Read Bit 1 

.FRD2 Read Bit 2 
FRD3 Read Bit 3 
FRD4 Read Bit 4 
FRD5 Read Bit 5 
FRD6 Read Bit 6 
FRD7 Read Bit 7 

MTS 

Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 

Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 

( F T ADO and F TAD 1) mus t be se t to i nd i ca te MT SO, 1 , 2 , or 3 to 
match the two address lines coming from the host or controller. 
The FFAD switch must also be set to match the incoming address 
line. FFAD is shown as "0" in Table 7-3, although 11111 can be 
used if the opposite polarity is desired. For switch settings 
refer to the 2925 Tape Subsystem Maintenance Manual, PN 95521. 
The address lines from the host may be switched as long as 
Formatter Busy (FFBY) and Data Busy (FDBY) are not set. The 
address must be stable one microsecond before any command lines 
are activated. That is, Go (FGO), Offline (FOFL), Rewind (FREW), 
and Formatter Enable (FFEN) must not be changed when switching 
machine addresses. 
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I 
I 

95521 

MOTHERBOARD 

Figure 7-2. Standard Interface Cabling 
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7-6 

USER CPU 

MTS 0 

USER CPU 

MTS 0 WITH 
TERMINATORS 

MTS 1 WITH 
TERMiNATORS 

ONE WTS UNn 

TWO MTS UNITS 

Figure 7-3. MTS Interface Cabling 
( Shee t 1 of 2) 
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USER CPU 

MTS 0 

95521 

USER CPU 

MTS 0 MTS 1 

MTS 1 MTS 2 

THREE MTS UNITS 

MTS 2 WITH 
TERMINATORS 

FOUR MTS UNITS 

MTS 3 WITH 
TERMINATORS 

Figure 7-3. MTS Interface Cabling 
(Sheet 2 of 2) 
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Table 7-3. MTS Address Lines 

MTS ADDRESS LINES MTS 

FFAD FTADO FTAD1 SELECTED 

0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 

7.6.2 Go, Initiate a Comman9 (FGO) 

The assertion of the FGO line causes the user command lines to be 
polled and the command operation to begin. All of the command' 
lines must be stable on the start of the FGO pulse and are 
clocked in on the trailing edge'. The FGO pulse from the host or 
controller must be a one microsecond (minimum) pulse. The 
signals that must be stable are: 

1 • FERASE 
2. FWFM 
3. FWRT 
4.FREV 
5. FEDIT 

- Command, 0 
- COfTlTland 1 
- COfTlTland 2 
- Command 3 
- Command 4 

The other command lines (FOFL, FREW, and FFEN) 
must not be activated when FGO is used. 

Commands 0, 1, 2, 3, 4 are used to encode commands described in 
the section entitled "Functional Mode Command~ Descriptionsll in 
this chapter. If the FGO line is asserted before Data Busy 
(FDBY) is unasserted, the new command will be ignored, Command 
Overrun will be set, and Hard Error will be pulsed. The FGO line 
is ignored if the MTS is offline or if Formatter Enable (FFEN) is 
not asserted. 

7.6.3 Command Lines (Command 0-4) 

Commands 0, 1, 2, 3, 4 are used to encode commands described in 
Table 7-4, where /11/1 is the active or true state. These five 
command lines are decoded in the MTS processor and cause one of 
the command operations. All eight command lines, however, must 
be stable when the FGO line is asserted. The section entitled 
"Functional Mode Command Descriptions" in this chapter contains 
descriptions and timing information concerning each command 
operation. . 
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7.6.4 Rewind and Offline (FREW, FOFL) 

FREW - Rewind. This line must be held true for at least one 
microsecond. When asserted, this pulse causes the 
selected transport to rewind to BOT. The drive drops the 
MTS Ready signal (FRDY) and asserts the MTS Rewind signal 
(FRWD) one microsecond (maximum) after the leading edge of 
the FREW signal. 

Table 7-4. Command Lines 

Corrmand I CMD-4 
1/r-r-nTT\ 

CMD-3 
Ir-nr-v\ 

CMD-2 I CMD-1 
ILWR T \ I/LIILM\ 

I CMD-O 
If \rc.U!1 J \il"\C. , \ r I , \rhrll' LLQ"C-r-\ 

\rc.I"\J.\..::>c.I 

Read Forward 0 0 0 0 0 
Read Reverse 0 1 0 0 0 

Write 0 0 1 0 0 
Write File MarK 0 0 1 1 0 
Write Extended 0 1 1 1 a 
Contro lled Erase a 0 1 a 1 
Fixed Erase a a 1 1 1 
Data Security Erase 1 a 1 1 1 

Space Forward 0 a 0 0 1 
Space Rever?e 0 1 0 0 1 

File Search FWD 0 0 0 1 1 
(Ignore Data) 

File Search Rev 0 1 0 1 

I 
1 

(Ignore Data) 
I 

Read Sense 1 1 a 0 1 
Read Controller 1 1 0 1 0 
Sense 

Select PE 1 0 0 1 1 
Select GCR 1 1 0 1 1 

FOFL - Offline and Rewind. This line must be held true for one 
microsecond (minimum). The drive drops the MTS Ready 
signal (FRDY) within one microsecond (maximum) after the 
leading edge of the FOFL signal. The processor then drops 
Online and starts the rewind. After the rewind is 
complet~, the tape is unloaded. 

These two signals are ignored if the MTS is offline and/or the 
formatter is busy (FFBY is asserted). 
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7.6.5 Formatter Enable (FFEN) 

FFEN - Formatter Enable. This signal is usually held true. If 
the line goes false, the drive stops motion and the 
current command is terminated. 

The FFEN line should be disabled only to terminate a runaway 
condition. There is' no need to use this line as a 'reset' to 
clear status lines. All status lines are reset on the acceptance 
of a new command. 

Using this line as a 'reset' between commands causes motion to be 
stop~ed, forces repositioning between each command, thereby 
causlng slower performance of the drive. Also, for system 
initialization, the drive only needs to be set online and rewound 
to BOT. 

This line is ignored if the MTS is offline, or the MTS does not 
have Formatter Busy (FFBY) asserted. 

7.6.6 Last Word (FLWD) 

This line, when asserted during a Write command with Write Data 
lines (FWDO-7 and FWDP), indicates that the character strobed 
with FDWDS (Demand Write Data Strobe) is the last byte of the 
record. When FLWD is asserted during a Controlled Erase command, 
the MTS stops erasing tape. 

7.6.7 Write Data lines 0-7, P (FWDO-7, FWDP) 

These nine lines transmit data to the MTS, 
sign i f i can t . 

7.7 VS INTERFACE OUTPUT SIGNAL DEFINITIONS 

7.7.1 Formatter Busy (FFBY) 

FWDO is the most 

Formatter Busy is used to indicate that a command is being 
processed. It goes true with the leading edge of the FGO line. 
This line remains true until the full completion of the command. 
FFBY will remain active until all buffered write data has been 
written to tape. 

7.7.2 Data Busy (FDBY) 

This line is processor controlled and is used to indicate the 
'data transfer' part of the command. When this line goes true on 
read/write commands, data ;s being exchanged. It goes false when 
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data is finished transferring, and although motion has not yet 
stopped, a new command can be received. The new command is 
received and processed after the completion of the previous 
command. Hard Error, Corrected Error, and File MarK Detected are 
pulsed, if applicable, before FOBY is unasserted. While FDBY is 
asserted, no new command may be issued. 

7.7.3 Identification Burst (FlO) 

The Identification Burst line is asserted by the MTS to indicate 
that an identification burst procedure is being performed by the 
MTS. It is asserted on a Read or a Write command from BOT. FlO 
is asserted on Write while the 10 burst is beina written. On 
Read, FlD is asserted while the lU DurSL is being read, to 
determine the density (PE or GCR) of the tape. 

7.7.4 Hard Error (FHER) 

If an error is detected while the MTS is busy, FHER is asserted 
while FDBY is asserted, and is unasserted before FDBY is 
unasserted. For further details see the section entitled "Sense 
Command", sense bytes 3 and 4, in this chapter. 

7.7.5 File Mark Detected (FFMK) 

This line is asserted while Data· Busy (FOBY) is asserted when a 
tape marK pattern has been detected, and is unasserted before 
FDBY is unasserted. 

7.7.6 Corrected. Error (FCER) 

This line is set when: 

• A single tracK error has been corrected during a PE read, or 
during a PE read bacK checK during a write. 

• A single or double tracK error has been corrected during a GCR 
read, or during a GCR read bacK checK during a write. 

When the error correction occurs, the FCER line is asserted while 
Data Busy (FDBY) is asserted, and is unasserted before FDBY is 
unasserted. 
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7.7.7 MTS Ready (FRDY) 

This line, FRDY, is asserted when tape is loaded and the MTS is 
not in a Rewind or a Machine Check status. It indicates that the 
MTS is ready to accept a read/write type command. The only 
commands accepted while not ready are sense-type commands and 
some diagnostic commands. 

7.7.8 MTS Online (FONL) 

This line, FONL, is asserted when the MTS is online and an 
address match has been detected, meaning it is able to 
communicate back to the host. If the MTS is offline, all other 
status back to the host is unasserted. 

7.7.9 MTS Rewind (FRWD) 

This line, FRWD, is asserted when the MTS ;s rewinding tape to 
BOT. 

7.7.10 End of Tape (FEOT) 

This line, FEOT, is asserted when the end of tape. (EDT) 
reflective marker is detected and stays asserted past this 
marker. EDT status is reset when the EDT marker is detected in 
backward or 'rewind mode. The MTS will read or write past EDT if 
commanded to do so. For Early EDT operation refer to the option 
switch settings described in the 2925 Tape Subsystem Maintenance 
Manual, PN 95521. 

7.7.11 File Protect (FFPT) 

This line, FFPT, is asserted when the loaded file reel does not 
contain a write enable ring. This tape cannot be written on, 
either in functional mode or in diagnostic mode. 

7.7.12 Load Point (FLOP) 

This line, FLOP, 
positioned at BOT. 

is asserted when the tape is loaded and 

7.7.13 High Speed Streaming (FHSPD) 

This line, FHSPO, ;s asserted when the selected MTS is in the 
streaming mode at 100 ips. It is unasserted when the selected 
MTS is in the start/stop mode at 50 ips. 
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7.7.14°Demand Write Data Strobe (FDWDS) 

This signal, FDWDS, consists of a pulse for each character to be 
written onto tape. Write timing is specified in Figure 7-4 and 
Tables 7-5, 7-6, and 7-7. The host interface must be able to 
maintain a data transfer rate equal to the tape data rate when in 
non-cached operation. This includes the Model 2925 in 
long-record mode. Therefore the Model 2925 data rate switches 
should be set to the minimum values specified in Table 7-8 when 
in long-record mode. 

7.7.15 Read Data Strobe (FRSTR) 

This signal, FRSTR, consists of a pulse for each character of 
read information to be transmitted to the host controller 
interface and should be used to sample the Read Data lines 
(FRDO-7 and FRDP). This signai is also asserted when Demand 
Write Data Strobe is asserted. . Read timing is specified in 
Figure 7-5 and Tables 7-5 i 7-6 i and 7-7. The data rate switches 
should be set to the mi~imum values specified in Table 7-7 when 
in long-record mode. 

7.7.16 Read Data Lines 0-7, P (FRDO-7, FRDP) 

These nine lines transmit read data from the MTS to the customer 
controller. Each character read from tape is available by 
sampling these lines in parallel with the Read Data Strobe. FDRO 
contains the most significant bit of data. 

The Read Data lines (FRDO-7, FRDP) are also used to transfer 
sense information. Parity is also sent when doing a Sense 
conmand. For fur ther i nformaot i on see the sec t i on en tit 1 ed II Sense 
Corrmand ll in this chapter, and the section entitled "Read Extended 
Sense" in Chapter 5. 
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Table 7-5. Interface Timing 

I· I 
D ITimel escrlptlon \ ! ::>1 I oaels 

T1 Write Strobe Pulse Width 50/100 2925 

T2 'Wr i te Cycle 50/100 2925 

T3 Data Busy to First Write 50/100 2925 
Data 

- - I ~ __ ,--r-
I T 4 I W r ' t Q n::::l t ::::I ~~ t I In t (') 1~()/l()()1 /y/~ 

I .... '""" ........... ,... ...,,..... .... ,...r-- -- .... - - -- - ...... -'=:;".. 

Leading Edge of Write 
Strobe 

IT5 Iwrite Data Hold from 150/100 2925 
Trailing Edge of Write 

I Strobe 

T6 Trailing Edge of FDWDS 50/100 2925 
to FLWD 

T7 Read Strobe Pulse Width 50/100 2925 

T8 Read Cycle 50/100 2925 

T9 Read Data to Read Strobe 50/100 2925 
Setup 

T10 Read Data from Read 50/100 2925 
Strobe Hold 

IT 11 I FGO to FDBY 150/100 I 2925 

7.8 FUNCTIONAL MODE COMMAND DESCRIPTIONS 

I 

Min. 
Time 

I 

I 

Max. 
Time 

Nanosec·1 N anosece 

See Table 7-6 

See Table 7-6 

--- 10,000 

r--
:2UU - --

_ -0- - --

10 Before 
Next FDWD 
Cycle 

See Table 7-6 

See Table 7-6 

100 - --

1.0.0 ---

See Table 7-7 

The interface command lines that are active for the following 
commands are listed in Table 7-4 above. 

7.8.1 Read Forward Command 

1.8.1.1 NON-CACHED OPERATION 

The Read Forward command causes: 
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Table 7-6. Data Transfer Timing 

Data 
Rate Host Data Read Write 

Swi tches Data Cycle Strobe Strobe 
721 Rate Time Width Width 

000 121 Kb/s 8.26 us 1 us 1 us 
001 151 Kb/s 6.62 us 1 us 1 us 
010 178 Kb/s 5.62 us 1 us 1 us 
a 1 1 200 Kb/s 5.00 us 1 us 1 "US 

1 a a 227 Kb/s 4.41 us 1 us 1 us 0 

1 o 1 250 Kb/s 4.00 us 1 us 1 us 
1 1 0 277 Kb/s 3.61 us 1 us 1 us 
1 1 1 385 Kb/s 2.60 us 1 us 1 us 

Note: Timings shown in this table are 
nomi na 1 . Worst case is nominal plus or 
minus 100 nanoseconds. 

Table 7-7. Ramp Times 

RalTp S1IIi tch T14, Ramp Time" 
Settings (mi 11 i sec. ) 

4- 3 Delay 

0 0 0 
0 1 1 
1 0 2 
1 1 5 

• The tape to move in the forward direction and read the next 
block of data, and 

• The data to transferred until end-of-data is detected. Note 
that Last Word (FLWD) is ignored on a Read. 

Non-data characters of the block are detected, decoded, and 
checked for validity, but not transferred across the interface. 
Data characters of the block are detected, decoded, checked for 
validity, corrected if appropriate and transferred across the 
interface. 
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The Read command sequence is as follows: 

1. The user asserts the Read command and FGO line. 

2. MTS acknowledges the FGO line was asserted by asserting 
Formatter Busy (FFBY). 

3. MTS sets up for the Read command and motion is started (or 
continued) and Data Busy (FDBY) is asserted. 

4. MTS asserts Read Data Strobe (FRSTR) pulses for each data 
byte transferred. 

5. When data is finish~~ __ ~~d status is complete, the MTS 
unasserts Uata Busy {rUtiy} to enable the user to read the 
status and issue the next command. 

6. If the user does not give another command the drive begins to 
decelerate and Formatter Busy (FFBY) is unasserted. 

7.8.1.2 CACHED OPERATION (MULTIPLE BUFFERED RECORDS) 

The RDF command causes the next block of data to be transferred 
from the cache memory to the host. Generally, a series of Read 
records are read ahead from tape and held in the cache memory for 
later transfer to the host. If an uncorrectable error is 
encountered when reading ahead from tape, the MTS bacKspaces and 
rereads the record,. repeating this error recovery process the 
number of times selected, either 0, 5, 10, or 15 times. If zero 
is selected, no retries are attempted. When the host interface 
requests the blocK in error, Data Check is asserted at the end of 
the data transfer. The host can then command further recovery 
procedures if desired. 

When reading ahead from tape, if EDT is encountered, no further 
blocks are read unless the host interface catches up to physical 
tape and commands further Reads. Then the MTS only reads one 
data blocK from tape at a time. 

When reading a record from tape that is presently being requested 
by the host, any error status is given directly to the host and 
no retry procedures are automatically attempted. 

The read command sequence is the same as for non-cached 
operation, except that FFBY may remain asserted between commands. 

7.8.1.3 READ FORWARD/TAPE MARK BLOCKS 
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7.8.1.3.1 Non-Cached Operation 

When an RDF operation is initiated, but the next block is a tape 
mark block, the MTS moves the tape past the tape mark and asserts 
File Mark Detected (FFMK). A data block will not have been 
processed and no data characters will have been transferred 
across the interface. No signal responses will have been 
requested from the user interface. 

7.8.1.3.2 Cached Operation (Multiple Buffered Records) 

If the switches indicate to synchronize on one tape mark and a 
tape mark block is read from tape, the MTS will read ahead 
commands to the tape drive and wait for the host to break the RDF 
command string or request a read of the tape mark block. If the 
hardware switches indicate to synchronize on two tape marks in a 
row and one TM block is detected, the MTS will issue a series of 
RDF commands internally. If two tape marks in a row are 
encountered, the MTS will halt tape motion, for example, not 
issue any more read ahead commands. The MTS then waits for the 
host to break the RDF command string or issue a command after 
reading the second tape mark. At that time the MTS will execute 
the command i ssued-ahd begln readi hgahe-adaga; n if appropr-; ate. 

7.8.2 Read Reverse Command 

Similar to the Read Forward command, but with backward. tape 
motion. Data is not read ahead on Read Reverse when in cached 
operation. 

7,8.3 Write Command 

7.8.3.1 NON-CACHED OPERATION 

The Write command causes: 

• The tape to move in the forward direction, 

• The tape to move to the ending portion of the preceding IBG to 
be wr i tten, 

• The data block to be written, 

• The data block to be read and checked for validity, and 

• The beginning portion of the next IBG to be generated. 

Non-data characters of the data block 
generated, encoded, formatted, and written. 
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be written are transferred across the interface, automatically 
encoded, formatted, and written. 

The Write command sequence is as follows: 

1. The user asserts Write command and FGO line. 

2. MTS acknowledges the FGO line was asserted by asserting 
Formatter Busy (FFBY). 

3. MTS acknowledges Write by starting (or continuing) motion and 
asserting Data Busy (FDBY). 

4. MTS asserts Demand Write Data Strobe (FDWDS) pulses until the 
user asserts Last Word (FLWD). (There are no user responses; 
data is assumed to be correct and on time.) 

5. MTS continues to move the tape to perform a read back check. 

6. When data is finished and status is completed, the MTS 
unasserts Data Busy (FDBY) to enable the user to read the 
status and issue the next command. 

7. If the' user does not give another command the drive begins to 
decelerate and Formatter Busy (FFBY) is unasserted. 

7.8.3.2 CACHED OPERATION ~MULTIPLE BUFFERED RECORDS) 

The WRT command causes the next data block to be transferred from 
the host to the cache memory. Generally, a series of WRT 
commands causes multiple records to be held in cache memory for 
later transfer to tape. If an error is encountered when writing 
to tape, the cache control will backspace, erase a portion of 
tape, and try to rewrite the record. This error recovery process 
is repeated the number of times selected, either 5, 10, or i5 
times. If the data cannot be written to tape, Hard Error (FHER) 
is asserted on the next available command, and no other commands 
can be executed until a Read Controller Sense command transfers 
the appropriate status to the host. 

7.8.3.3 WRT/EARLY EOT (BUFFERED MODE) 

When the unit is writing in buffered mode, a number of records 
may be present in the buffer at any given time. When the MTS 
determines that .the tape is approaching the end-of-recording 
area, the maximum number of records in the·buffer is reduced to 1 
or 4 as indicated by the switches. This ensures that no more 
than 1 or 4 records will be written after the end-of-recording 
area is encountered without the host's knowledge. After the 
end-of-recording area is reached, only 1 record maximum is 
allowed in the buffer so that status is not given to the host 
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until this record has been written to tape. 
is selectable by way of a jumper. 

A parity generator 

7.8.4 Write Tape Mark Command 

The Write Tape Mark corrmand causes the tape to be moved forward, 
and a tape mark blocK to be written and checKed for validity. 
Two retries areautomatica lly done, if. required. 

7.8.5 Write Extended Command 

This command allows the user to set the cache mode. A one-byte 
"write" transfer is required to completely define the operation. 
Formatter Busy (FFBY) and Data Busy (FDBY) remain asserted 
throughout the transfer. The FDWDS pulse width may be wider than 
normal for this transfer. The byte sent is defined in Table 4-6. 

Table 7-8. Speed/Gap Selection Decodes and Cache Mode Set Decode 

BITS OF LAST DATA BYTE MODE SELECTED 
7 6 5 4 3 2 1 0 

Y3 Y2 Y1 YO X3 X2 X1 XO 

Where Allowable I X I Values Are: 

X3 X2 X1 XO 

0 0 0 0 No Change in MTS Mode 
0 0 0 1 Set to Buffered Mode 
0 0 1 0 Set to Long-Record Mode 
0 1 0 0 Set to Cache Data Mode 

The set buffered mode command causes normal cache buffer 
operation, generally storing multiple records in cache memory. 
The set long-record mode command causes the opposite mode, 
Keeping physical tape synchronized to the host interface, 
generally storing less than one record in cache memory. 
Long-record mode must be selected for records longer than cache 
memory. 

Set cache da ta mode wi 11 cause da ta to be read from or ·wr it ten to 
cache memory only, without using physical tape. 

If the MTS is in cache data mode, selecting 
long-record mode will cause the MTS to exit cache 
begin normal tape data processing. Bits 4, 5, 6, 
always be zero in the byte described in Table 4-6. 
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7.8.6 Fixed Erase/Erase Gap Command 

The Erase Gap command move"s the tape forward and erases a 3.6 
inch (nominal) section of tape in PE, or a 3.4 inch (nominal) 
section in GCR. During the erase operation, read checks are 
performed to verify that erasure has occurred. If Read signals 
are detected, Data Check is asserted in status byte O. 

7.8.7 Controlled Erase Command 

The Controlled Erase command causes the MTS to accelerate the 
tape and erase the tape continuously until the Last Word signal 
{I:I hlr" \ 4="","", i-ho. II~o.", ; ~ ~ot t~IIO Thi e to,.min~toe tho o~~~o. \ r L.. wu I I I VII. ~II":;; U.;;;J":;;I 1.;;;J.oI= '" .. I .......... • • I.' <J ......... 11 ....... ....... <J ............... Uo';;'.., 

operation. The 10 burst is written when an Erase command is 
given from BOT. 

Write strobe is not asserted during this command. 

7.8.8 Security Erase Command 

The Security Erase command causes the MTS to erase tape from its 
present position to a position approximately 10 feet past EDT. 
The 10 burst is written when the command is given from BOT. 

7.8.9 Space Forward Command 

The Space Forward command causes the tape to move forward, 
passing over one block of data. If no new command is given while 
Data Busy (FDBY) is unasserted and Formatter Busy (FFBY) is still 
asserted, tape motion will stop. No data characters are checked 
for validity or transferred across the interface. 

7.8.10 Space Reverse Command 

The Space Reverse command causes the tape to move backwards, 
passing over one block of data. If no new command is given while 
Data Busy (FDBY) is unasserted and Formatter Busy (FFBY) is still 
asserted, tape motion will stop. No data characters are checked 
for validity or transferred across the interface. 

7.8.11 File Mark Search Forward Command (Ignore Data) 

File Mark Search Forward command causes the tape to move forward, 
passing over each data block encountered until a tape mark block 
is detected. Tape motion is then halted. Data characters are 
not checked and transferred over the interface. 
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7.8.12 File Mark Search Reverse Command (Ignore Data) 

File Mark Search Reverse command causes the tape to move 
backward, passing over each data block encountered until a tape 
mark block is detected. Tape motion is then halted. Data 
characters are not checked and transferred over the interface. 

7.8.13 Select PE Density Command 

This conmand is issued by the host to put the MTS in PE mode. 
The dropping of Formatter Busy (FFBY) indicates completion of the 
command. This command will be accepted only when the tape is 
either unloaded or loaded at BOT. 

7.8.14 Select GCR Density Command 

This conmand is issued by the host to put the MTS in GCR mode. 
The dropping of Formatter Busy (FFBY) indicates completion of the 
command. This command will be accepted only when the tape is 
either unloaded or loaded at BOT. 

7.8.15 Rewind Command 

See paragraph 7.6,4. 

7.8.16 Offline Command 

See paragraph 7.6,4. 

7.9 SENSE COMMANDS 

7.9.1 Sense Data, 8 Bytes 

Eight bytes of sense data are asserted on the Read Bus after a 
Sense command is issued. The MTS puts the first byte of data on 
the Read Bus, then asserts and unasserts the Read Data Strobe 
(FRSTR) line. The FRSTR pulse width may be wider than normal. 
The next byte is then put on the Read Bus and FRSTR is asserted 
and unasserted. This procedure is repeated until all 8 bytes 
have been transferred to the host or controller. The status bits 
defined below are listed 0 to 7. The 0 represents the most 
significant bit of data and is transferred on FROO. Odd parity 
is also trans"ferred with each sense byte (FRDP) to ensure data 
integrity. All unused bits are unasserted (zero). 
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Sense Byte 0 

Bit 
o - Command Illegal - Set when the MrS receives an illegal 

1 - Not Ready 
2 - Drive Type 

conmand 
Set when the MTS is not ready 

- Set when the MrS has the 100 ips 
streaming feature; reset when the 
Mrs is start/stop only 

3 - Equipment Check - Set when the MrS has a fault code on 
the operator display panel (FXX) 

4 - Data Check - Set when the MrS has detected one or more 
of the error conditions in sense byte 3; 
and bits 0, 1, or 2 in sense byte 4 

5 - Command Overrun - Set if a command is received with Data 
Busy (FDBY) true (also sets sense 
byte 0 bit 0) 

6 - Unit Check - Set when bit 0, 1, 3, 4, or 5 of this 
sense byte 0 (this byte) is set 

7 - Unit Exception - Set when an error correction is 
performed during a read operation 
(bits 0, 1, or 2 in sense byte 4) 

Sense Byte 1 (Last Command Issued) 

Bit 
0 - Command bi t 7 Spare 1 
1 - Command bi t 6 High Speed Select 
2 - Conmand bi t 5 Long Gap 
3 - Command bit 4 Edit 
4 - Conmand bi t 3 Reverse 
5 - Command bi t 2 Write 
6 - Command bi t 1 Write File Mark 
7 - Command bi t 0 Erase 

Sense Byte 2 (Ta12e Status) 

Bit 
o - Backward Status 
1 On 1 i ne 
2 - Rewinding 
3 - File Protected 
4 - GCR (Density) 
5 - High Speed (100 ips Streaming Mode) 
6 - BOT 
7 - EaT 
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Sense Byte 3 and 4 (Hard Errors) 

Sense byte 3 and sense byte 4 contain Data Check and Reject 
status information. Any error reported in byte 3 or 4 will also 
cause the Hard Error status line to be set. 

Sense Byte 3 (Hard Error R/W Status) 

Bit 
o - Write Tape Mark ChecK 
1 - Uncorrectable Error 
2 - Partial Rec6rd 
3 - Multipl~ Track Error 
4 - Not Used 
5 - End of Data ChecK 
6 - Velocity Error 
7 - CRe Error 

Sense Byte 4 (Hard Error Status Continued) 

Bit 
o - BOT Reached before BacKward Command was Completed 
1 - Not Used 
2 - Single Track Error in PE Write 
3 - Not Used 
4 - Command Reject (See Sense Byte 5, Reject Codes) 

Command was taKen but could not be completed 
5 Bus Parity Error 
6 - Operation Incomplete 
7 - Overrun 

Sense Byte 5 (Reject Codes) 

Bit 
o - Diagnostic Mode Set (MSB) 
1 - Not Used 
2 - Reject Code Bit 5 
3 - Reject Code Bit 4 
4 - Reject Code Bit 3 
5 - Reject Code Bit 2 
6 - Reject Code Bit 1 
7 - Reject Code Bit 0 (LSB) 

See Table 7-10 for further explanation of Reject Codes. 

Sense Byte 6 (Corrected Error and Dead Track P) 

Sense byte 6 contains the Corrected Error status information. If 
the Corrected Error status line is set, either bit 0, 1, or 2 is 
set. 

Bit 
o - Single Track in PE Read Corrected 
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1 - Single TracK in GCR Read Corrected 
2 - Double TracK in GCR Read Corrected 
3 Nominal gap selected by last Write 
4 - Nominal gap + 0.3 inch selected by 

Extended command 
5 - Nominal gap + 0.6 inch selected by 

Extended command 
6 - Not 'Used 
7 - Dead TracK P 

Sense By:te 7 (Dead TracK Register) 

Bit 
0 - Dead 
1 - Dead 
2 - Dead 
3 -' Dead 
4 - Dead 
5 - Dead 
6 - Dead 
7 - Dead 
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Table 7-9. Reject Codes 
(Sheet 1 of 2) 

REJECT 
CODE 
(HEX) DESCRIPTION 

01 

02* 

03* 

The MTS is not in Ready status. 

Internal Interface Error 

Reserved 

04 Reserved 

05 The MTS is in File Protect status when a write type 
command is attempted. 

06* The MTS did not go to Erase status only. 

07 Illegal command sequence 

08* The MTS did not go to Read status. 

09* "The MTS is unable to read a PE or GCR 10 burst either 
during a read operation or during a read check while 
writing the 10 burst. 

OA Reserved 

OB Reserved 

OC* The MTS did not go to Write status. 

00 Reserved 

OE Reserved 

OF* Noise (possibly data) was detected during an Erase 
Gap command or during a Write command following a 
read type command. 

10* The host has issued a READ in cache data mode and 
no record is in the buffer. 

11* The MTS reset Ready status. 

12 Reserved 

* Operation Incomplete is also set (sense byte 4, bit 6). 
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REJECT 
CODE 

Table 7-9. Reject Codes 
(Sheet 2 of 2) 

(HEX) DESCRIPTION 

13 A backward type command (except a Rewind or a Rewind/ 
Unload command) was given, but tape was already 
positioned at BOT. 

14* The ARA BURST portion of the GCR 10 burst just written 
did not have all nine tracks active. 

15* An IBG longer than 25 feet in ·PE mode or longer than 
15 feet in GCR mode was detected on a Read or Space 
corrmand. 

16 More than one speed change requested without an 
intervening motion command. 

17 Reserved 

18* The MTS is not in the recording density selected. 

19 LWR attempted when tape loaded and positioned off BOT 

1A* No tape motion. 

1B* During a read back check of a write operation, data 
was detected in an IBG area. 

1C Reserved 

10* The MTS attempted to backspace over a bad record just 
written but was unable to detect the record. 

1E* The ARA 10 burst was unreadable during a GCR Write 
command. 

1F* During the read back check of a Write or Write Tape 
Mark command, no data was detected. 

* Operation Incomplete is also set (sense byte 4, bit 6). 

7.9.2 Read Controller Sense 

Thirty-two bytes are transferred td the host as defined in Table 
7-10. This data could be used by the host system for data 
recovery procedures. 
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BYTE 

NUMBER 

BYTES 

0 

1 

2 

3 
4 
5 

7 

o - 5: 

X 

WRITE 
ERROR 

6 

Table 7-10. Read Controller Sense 
(Sheet 1 of 2) 

BIT DEFINITIONS 

5 4 3 2 1 0 

Error Recovery Information For Read/Write Errors 

X X X X X CACHE - SYNC 
DATA MODE MODE 

a 

READ DT POSITION RETRY RETRY RETRY RETRY 
ERROR PARITY LOST Bit 3 Bit 2 Bit 1 Bit 0 

Number of Records which remain in the Buffer 
(may include a tape mark) 

Record Number from BOT in error MSB (includes Tape Marks) 
Record Number from BOT in error 
Record Number from BOT in error LSB 

BYTES 6 - 9: Status Information At The Time Of First Error 

6 

7 

8 

9 

7-28 

Dead Tracks-7-0 at time of first Write or- Read Retry 

EOT SOT CACHE 
STATUS PARITY ·PARITY 

ERROR 

WTM UCE PARTIAL 
CHECK RECORD 

Diagnostic Aid Bits 

DATA DRIVE OVER- REJECT EPROM 
CHECK SUPER RUN ERROR 

MTE CRC EDC VEL CACHE 
ERROR ERROR CRC ERROR 

at time of first Write or Read Retry 
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I I 

I BYTE I 
NUMBERI 

Table 7-10. Read Controller Sense 
(Sheet 2 of 2) 

DEFINITIONS 

Bytes 10-31: Error History Since The last Unload Or SNS Command 

10 Read Forward Retry count since last unload or SNS 
11 Read Backward Retry count since last unload or SNS 
12 Write Retry Count since last unload or SNS 
13 Number of Records which had Read Retries 
i4 Number of Records which had Write 
15 Track 0 Errors (Number of records with Track 0 dead) 
16 Track 1 Errors (Number of records with Track 1 dead) 
17 Track 2 Errors (Number of records with Track 2 dead) 
18 Track 3 Errors (Number of records with Track 3 dead) 
19 Track 4 Errors (Number of records with Track 4 dead) 
20 Track 5 Errors (Number of records with Track 5 dead) 
21 Track 6 Errors (Number of records with Track 6 dead) 
22 Track 7 Errors (Number of records with Track 7 dead) 
23 Track P Errors (Number of records wi th Track P dead) 
24 CRC Error Count since last unload or SNS 
25 Uncorrectable Error Count since last unload or SNS 
26 Partial Record Count since last ~nload or.SNS 
27 Multiple Track Error Count since last-unload or SNS 
28 End of Data Check Count since last unload or SNS 
29 Velocity Error Count since last unload or SNS 
30 Cache CRC Error Count since last unload or SNS 
31 Number of records successfully corrected 
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CHAPTER 8 

FUNCTIONAL DESCRIPTION 

8. 1 INTRODUCTION 

This chapter provides brief functional descriptions of the 
circuit cards of the MTS. Although the circuit cards are not 
repairable in the field, a basic knowledge of the functions of 
each card may be useful for troubleshooting and repair of the 
MTS. Refer to Figure 8-1 for a general blocK diagram of the MTS 
circuit cards. 

8.2 INTERFACE/MICROPROCESSOR (IF CARD) 

All functions of the MTS are controlled by the IF 
interfaceimicroprocessor card (Figure 8-2). The mlcroprocessor 
responds to commands from the operator panel and the USER, 
generates control signals for the capstan and reel servo systems, 
monitors the interlock and fault detection circuits, and provides 
status information to the operator panel and to the USER. 

The 2921 memory is comprised of four EPROMs and' the. 2922 memory 
is comprised of five EPROMs, all plugged into socKets. One static 
RAM chip with "2K of RAM is available for functional and 
diagnostic storage. Two hundred fifty-six bytes of RAM is used 
for diagnostic storage and internal loop write to read. The 256 
bytes of RAM can be shut off from the Z80 and used as a source 
and receiver of "Simulated Data" to provide the ability to run 
diagnostics in a standalone mode. All Z80 controls and status are 
sent to" and from other ci rcui t cards through the Z80 bus. 

Functional Code Diagnostics Code 

50 ips 100 ips 50 ips 100 ips 

16K 24K 16K 16K 

The oscillator provides a 20.48 MHz reference frequency which is 
then divided by four to provide the Z80 microprocessor with a 5 
MHz input clock. The frequency is divided by eight to provide a 
2.5 MHz clock with a 25% duty cycle as master and slave clocks 
for the LSI chips. Power Up Reset clears all TTL status and 
starts the Z80 at instruction 0000. A Watchdog Timer is generated 
as a check on the code for the Z80. The Z80 retriggers the 
Watchdog Timer once every 10 milliseconds; otherwise, a 
non-maskable interrupt occurs which causes the Z80 to EPO, 
turning off all servo controls and reinitializing the MTS. 
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8.3 WRITE DATA PATH (DP CARD) 

Th~ write data path of the DP data path card (Figure 8-3) is 
comprised of two CMOS LSI chips (XWC and XWD) and receives its 
data from a third dual-purpose LSI chip (XBR). XBR is used in 
both read and write modes and is used during write operation as a 
7-byte ,FIFO to interface between the IF card and XWC. 

Data is input to XBR viaTREQ/TRAK handshaking sequences. Once 
XBR has data ready to be written, it signals XWC by raising Data 
Available. XWC accept~ the data when needed and, upon taking the 
data, sends XBR a Write Strobe to indicate that the data byte has 
been accepted. This process continues until the interface raises 
STOP and XBR signals XWC that the last byte has been taken. Once 
the data has entered into XWC, check characters are generated for. 
the data and it is clocked into XWD. The data is clocked out of 
XWD as write triggers. 

XWC controls the overall format of data records which are to be 
written to tape. These records may be written in either PE format 
(1600 bpi density) or GCR format (6250 bpi density). XWC takes 
data from an interface data buffer, generates checK characters 
for the data, and strobes the data into XWD. 

When writing GCR format records, data bytes are processed in 
groups of four with th~ four data bytes being input, strobed into 
the check character generators, and output to the XWD. When 
writing PE format records, data bytes are processed one at a time 
with a data byte bei.ng loaded from the interface and then output 
to XWD. 

Four Coomand lines and one Density Select 1 i ne are used to 
control the operation of XWC: 

C3 C2 C1 CO 

0 0 1 Write Data Record 
0 1 0 Write 10 
0 1 1 Write ARA Burst 
1 0 0 Write ARA 10 
1 1 1 Write Tape MarK 

XWD inputs data from XWC and, in the case of GCR format, performs 
a 4-to-5 conversion on the data and outputs the data in the form 
of write triggers. In PE format, data is input from XWC and 
transformed into two write triggers (Data and Phase). 

8.4 WRITE DRIVERS (WR CARD) 

The basic write circuits are located on the WR write driver card 
(Figure 8-4). Erase and write functions are controlled by enables 
from the IF card. The logic establishes the proper head current 
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for the specific density to be recorded and current sensing on 
each of the nine tracks is used to verify that write currents are 
of proper magnitude for the density. Hardware failures resulting 
in incorrect write or erase current produce a hardware interrupt 
which immediately stops the tape drive. 

The WR card is also used for machine sensor circuits. The sensor 
circuits are used to detect tape present, BOT, EOT, the tape 
leader as it passes the entrance to the thread path, and the 
write enable ring (file protect). The machine reel and file reel 
index channels and the swing arms extended switch sensors are 
included on the card. 

8.5 READ (RD CARD) 

Each of the nine differential analog signals from the read head 
is ampl~fied, filtered, and differentiated by the analog signal 
processlng circuits on the RD read card (Figure 8-5). The 
resulting nine analog read signals at the bandpass filter output 
(+Dif Analog) are available at test points on the card before 
they are converted to digital read data by the limiter. The 
nominal single-ended analog signal amplitude, measured 
peak-to-valley at the test point, is 1.2 volts. 

The analog signal at the bandpass filter output is monitored for 
amplitude integrity by the amp sensor. The analog signal 
zero-to-peak amplitude is compared to a threshold voltage level: 
either a fixed DC level, which repr.esents the minimum acceptable 
wor s t -case ana rog amp 1 i tude; or an adap t i ve DC 1 eve 1 , wh i ch 
represents a fixed percentage of the zero-to-peak analog 
amplitude. Whichever threshold voltage is higher at any instant 
in time will be the amp sensor threshold level. The threshold 
level is controlled by -Record Latch (-RL), +Write Mode (+WR), 
and +Write Triggers Active (+WTA). When the analog signal 
zero-to-peak amplitude is above the threshold level, the amp 
sense output switches to a high TTL level; when the analog signal 
level drops below the threshold level, the amp sense output 
switches to a low TTL level. 

The loop write-to-read (LWR) multiplexer selects either Read Data 
from the limiter in normal operation or Write Triggers from the 
DP card in test mode. 

Three CMOS LSI chips, each containing three tracks of logic, 
detect the phase of the data passed through the LWR multiplexer. 
This phase information is used in the phase-locked loop (PLL) to 
correct the frequency of the voltage-controlled oscillator (VCO). 
The VCO output, in turn, clocks the LSI chips at the proper rate 
in order to track tape velocity. The chips also convert the data 
from GCR format (6250 bpi density) or PE format (1600 bpi 
density) to NRZ (non-return-to-zero) format. NRZ data and clocks 
for each track are output to the DP card. 
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8.6 READ DATA PATH (DP CARD) 

The read data path of the DP card (~igure 8-6) receives its data 
input from the RD read car9. The data is processed on the DP card 
and output via TREQ/TRAK handshaking sequences to the interface. 

8.6. 1 PE Operation 

PE (1600 bpi density) is handled in 5-byte groups. Data is fed 
into the XRB skew buffer from the digital detection circuit on 
the RD read card. Each tracK sets TracK Ready when it has these 
five bytes available. All TracK Ready signals feed XCR. With all 
tracks ready, a Load Group Buffer pulse occurs followed by four 
Shift Group Buffer pulses. These five pulses transfer the five 
bytes from XRB to XEC and XBE. The data is actually stored only 
in XBE while XEC inputs each byte into the error correction 
system. After the fourth Shift Group Buffer, XEC sets ECC Full, 
preventing more transfers from XRB. 

No correction cycle is required as correction is done on-the-fly; 
therefore, a Shift Out Mode is immediately initiated. During 
Shift Out Mode, data in XBE is transferred into the XBR data 
buffer with XEC supplying the proper correction. After the Shift 
Out Mode, ECC Full is reset and XRB can supply another 5-byte 
group to the XEC and XBE. 

XBR now contains five bytes of corrected data, ready to be 
transferred to the interface;" however, because of the method of 
PE end-of-data' detection, XBR inhibits data transfer until it 
sees that ECC Full is set again. This is done so that a 
look-ahead function can be performed for determining PE 
end-of-data. This function checks the next group (the one in the 
XBE buffer) for four bytes of all-ZEROs. If the ending all-ONEs 
byte of PE data is present on the output of XBR and the following 
four bytes are all-ZEROs, PE end-of-data is declared and the read 
process is stopped. 

With XBR Buffer Full and ECC Full set, the interface data 
transfer is started via TREQ/TRAK handshaKe sequences. The XBR 
buffer will now be empty, allowing XEC to transfer another group 
out of the XBE buffer and into the XBR buffer. End of Data is set 
by XBR immediately after the last byte of data has been 
transferred to the interface. 

8.6.2 GCR Operation 

Handling of GCR (6250 bpi density) data differs slightly from 
that of PEa The major difference is that GCR data is handled in 
8-byte groups. XRB assembles a 4-byte subgroup and sets Track 
Ready. These four bytes are then transferred to XEC and XBE with 
the four Shift Group Buffer pulses. The Load Group Buffer signal 
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does occur but data is not transferred with it; it is used by· XEC 
to initialize registers between groups and by XBE to count 
groups .. The next 4-byte subgroup is transferred from XRB and 
then ECC Full is set. XEC handles inputting of data to XBE by 
propagating Shift Group Buffer pulses. The ECC byte present in 
each 8-byte group i~ stripped f~o~ the group by XEC by blocking 
the last Shift Group Buffer (flrst Shift Group Buffer when 
reading backward) to XBE. 

XEC now determines if a correction cycle is necessary and, if 
not, Shift Out Mode begins immediately. If correction is 
required, Shift Out Mode will be delayed by as much as 2.8 
microseconds for 50 ips and 1.75 microseconds for 100 ips, the 
maximum duration of a correction cycle. Shift Out Mode is set for 

, /1'\ t"\. -J J: - 1::(\ • ,...J 1 7t:: • • seven cycles \L.O mlcroseconus lor ~v IpS anu J./~ mlcroseconas 
for 100 ips), during which time the seven bytes in XBE are 
transferred to the XBR data buffer while being corrected. XBR 
does not need to wait for another ECC Full to transfer data, so 
it will do seven transfers to the interface. The Shift Out Mode 
which filled the XBR buffer causes XBR Buffer Full to set and 
also causes ECC Full to reset. While XBR is transferring data to 
the interface, XRB may start filling XEC and XBE again. XEC may 
not do another Shift Out Mode until XBR has completed the seven 
transfers at which time it will reset XBR Buffer Full. 

XBE determines the presence of the GCR format groups based on 
inf6rmation supplied by XRB and XCR~ XCR determines when End Mark 
is in XRB by looking at Sync MarK and Format signals from XRB. 
When End MarK is in XRB, XCR issues a Loaq Group Buffer pulse 
without any Shift Group Buffer pulses. End Mark is not loaded 
into XEC and XBE. In read forward, the next group is the Residual 
Group which is transferred from XBE to XBR while the Residual 
Group signal is on. This causes XBR to hold the Residual Group 
until the following CRC Group can be received and the resiDual. 
byte of the CRC Group can be determined. The residual byte 
informs XBR how many bytes in the residual group are data and 
which are pads. At this time the last data transfers of the 
record occur and End of Data is set. 

In GCR bacKward operations, the CRe and residual groups must be 
handled first and then operate as in forward read operations. The 
CRC Group comes into the XBR buffer first. The residual character 
is saved and the buffer waits for the residual group to be 
loaded. When it is in XBR, it determines the number of valid data 
bytes in the group and transfers them to the interface. The rest 
of the record is then processed normally. XBR does not do End of 
Data detection in GCR for read backward; XBE performs this 
function by sensing that the Mark 1 character has been detected 
and the appropriate number of ONEs in the preamble have been 
checKed. End of Data is set after the last data byte has 
transferred. 
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8.7 SERVO SYSTEM (5V CARD) 

The SV servo card contains the analog and digital circuits which 
comprise the capstan servo system, the two reel servo systems," 
the_swing-arm retraction motor control, the emergency power-off 
(EPa) logic and relay control, and the servo power failure 
detector. 

The SV card interfaces to the system microprocessor (which 
resides on the IF card); to the optical encoders, which are tne 
servo transducers for the capstan motor and the swing-arms; to 
the capstan, reel, and arm retraction motors; to the EPa relay; 
and to the power supply. All of the interfaces are via connectors 
on the motherboard. 

The capstan servo system (Figure 8-7) consists of a CMOS LSI 
controller which operates in conjunction with the system 
microprocessor. This LSI circuit generates digital commands which 
are converted to an analog voltage via a digital-to-analog 
converter (DAC). A linear power amplifier converts this voltage 
to motor drive current. 

The reel servo system (Figure 8-8) consists of a CMOS LSI 
controller which operates in conjunction with the microprocessor. 
Digital commands to a set of twin DACs "and pulse-width modulated 
power amplifiers generate the currents for the two reel motors. 

The swing-arm -retraction motor control is a bipolar power switch 
which operates under logical control of the microprocessor 
together with the reel servo controller chip. 

The EPO relay control consists 
controller chip which generates 
controls a regulated relay driver. 

of logic in the reel 
the logical function 

servo 
that 

The power failure detector is a set of voltage comparator 
circuits which monitor the ±26/36 volt and ±15 volt power 
supplies for undervoltage. This circuit generates a logic signal 
which is one of the elements of the EPO control. 

8.8 POWER SYSTEM 

The power system is comprised of the main circuit breaKer, the 
Power On/Off switch on the operator panel, a line filter, 
transformer, AK regulator card, PK protection card, and NK 
regulator card. Refer to Figure 8-11 for a simplified block 
diagram of the power system. 

The power system provides logic voltages for the electronics and 
power voltages for the capstan and reel motor drives as well as 
the vacuum blower motor. In addition, 120 Vac is provided for the 
the cooling fan. 
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Overcurrent protection is _ provided by the PK protection card 
which will trip the main circuit breaKer remotely if any power 
system output is ~horted. A short on the primary will also trip 
the main circuit breaKer." If an overvoltage of 5.7 volts (or 
higher) occurs on the +5 Vdc output, fuse F2 on the AK regulator 
card wili open. 
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CHAPTER 9 

MAINTENANCE 

9. 1 INTRODUCTION 

This chapter provides instructions for the performance of 
maintenance procedures. Some of these procedures must be 
performed quarterly to ensure proper operation and at such times 
the MTS does not perform according to specifications. Other 
procedures should be performed only after parts replacements, or 
if the scheduled maintenance so indicates, as explained in the 
text. Should there be a defective part, Chapter 10 provides 
instructions for changing field replaceable parts. Operating 
procedures for maintenance programs are described in Chapter 11. 

9.2 QUARTERLY PREVENTiVE MAli\lTENANCE CHECKLIST 

The following is a checKlist of the routine preventive 
maintenance to be performed quarterly by trained per~onnel. 

1. With power off, checK the,file reel hub for free operation. 
Thoroughly clean as necessary with Hub and Transport Cleaner 
Fluid. 

2. Remove the tape cleaner block. (Refer to Chapter 10 for 
removal procedures,) Thoroughly clean the block with Hub and 
Transport Cleaner Fluid. Inspect the cleaner block blade for 
damage in the form of scratches or nicKs and replace the 
block if it is damaged. 

3. With power on, ensure that the cooling fans are operating. 

4. Check the power supply output levels. (Refer to paragraph 
9.3. ) 

5. Check the file protect mechanism for proper operation using a 
work tape, both with and without a write enable ring 
installed. The Write Protect indicator light should be on 
with ring removed, and off with ring installed. 

6. Check rewind for proper operation. 
minutes for 2400 feet of tape. 

Rewind time is about 2.5 

7. Check the read/write head for proper skew alignment, and 
adjust skew as necessary. (Refer to paragraph 9.5) 

8. Check the read output amplitudes. (Refer to paragraph 9.7) 
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9.3 QUARTERLY POWER SUPPLY CHECK 

The power supply output voltage levels are not adjustable. A 
failing voltage may be due to power supply or voltage regulator 
failure, or a defective circuit board. The tape may be loaded but 
should not be in motion except for checking the ±38 Volts, when 
tape must be in rewind mode. 

Voltage test points are on motherboard slot Al. 
slot A3 for ground. 

Use pin 801 at 

Test Point 

AOl 
C03 
COl 
C05 
C17 
C05 
C17 

Voltage 

+5.1 
+15 
-15 
+26 
-26 
+38 
-38 

( ± 0 . 25) M a x'i mum r i pp 1 e : 1 00 m V P - P 
(+1.0,-1.5) 
(+1.0,-1.5) 
(±4.0) 
(±4.0) 
(32-42) In rewind only 
(32-42) In rewind only 

9.4 TAPE TRACKING AND SKEW ADJUSTMENT AFTER PARTS REPLACEMEI' 

Tape tracking and skew checks should be performed when any of the 
following components are replaced: 

Upper Swing Arm 
Lower Swing Arm 
Capstan 
Capstan Motor 
Read/Write Head 
Upper Tape Guide 

An understanding of tape tracking and skew requirements is 
helpful in the performance of the capstan alignment (tape 
tracking) and read/write head alignment (skew) procedures: 
alignment of the capstan to the tape path assures that the tape 
does not take an angular path across the read/write head; 
alignment of the read/write head assures that the head is 
properly aligned with the tape. All tape tracking and skew 
alignment adjustments must be done with the MTS in 50 IPS mode. 

Initial tape tracking adjustments are made visually to set coarse 
alignment and then a skew tape and oscilloscope are used for the 
final alignment to detect static and dynamic skew variations. 
Static skew, as shown in Figure 9-1, is the time from the peak of 
the bit used for the scope sync to the peak of any other bit. 
Dynamic skew, also shown in Figure 9-1, is the width of the 
variation or flutter of the bit not used as the scope sync. The 
two outside tracks (4 and 5) are used to check final alignment. 
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Figure 9-1. Static and Dynamic Skew and Turnaround Jump 

9.4.1 Capstan Alignment (Tape Tracking) 

The capstan motor is mounted with three spring-loaded screws. 
Adjusting the screws will influence the lateral position of the 
capstan wheel. The capstan wheel must be positioned so that the 
tape travels properly in the tape guide, as in the following 
procedure: 

1. Open the threading cover and remove the outer flange from the 
upper tape guide. 

2. Close the threading cover, mount and load a known good 
scratch tape, then open the threading cover to provide access 
for checks and adjustments. 

3. Enter maintenance program 00 to move tape forward. Ensure 
that tape is flush with but not forced against the rear 
flange of the upper guide and is not riding over the front of 
the upper guide. If necessary, adjust capstan motor mounting 
screw 3. Refer to Table 9-1 and Figure 9-2. 

4. Enter maintenance program 02 to perform the shoeshine routine 
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(forward/backward tape motion). Ensure that tape is not 
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pushed against the back flange or hanging over the front of 
the tape guide in either forward or backward motion. 

9-4 

Table 9-1. Capstan Alignment Instructtons 

CONDITION ADJUSTMENT 

Tape tracks to front edge Turn screw 3 CW 
in both forward and backward 

Tape tracks to back edge Turn screw 3 CCW 
in both forward and backward 

Tape tracks to back in forward Turn screw 1 CW or 
and tracks to front in backward 

Tape tracks to front in forward 
and tracks to back in backward 

READIWRITE HEAD 
ALIGNMENT SCREW 

turn 

Turn 
turn 

screw 2 

screw 1 
screw 2 

CAPSTAN 
WHEEL 

CCW 

CCW 
CW 

READIWRITE 
HEAD 

or 

Figure 9-2. Capstan and Read/Write Head Alignment 
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If necessary, use instructions in Table 9-1 and Figure 9-2 to 
adjust tracKing so that the tape travels in the same position 
on the guide in both forward and bacKward directions. 

Ignore at this 
as the capstan 
out the jump. 

time any tape jump which may be present just 
changes direction; do not attempt to adjust 

5. ChecK tape position on the capstan wheel. Ensure that tape 

~ v. 

tracKs towards center of the capstan wheel and does not 
overhang the wheel on either side. If necessary, adjust 
motor mounting screw 3 as in step 3 above. If an adjustment 
was necessary, repeat step 4 above. 

Unload and tape and reinstall the outer 
flange of the upper tape guide. 

9.4.2 Head Skew Adjustment 

The head skew must be adjusted so that all bits of a data byte 
will come under the R/W head within a specified time window. The 
adjustment also ensures that the head is not so skewed that it 
reads bits from more than one data byte at a time. 

1. With power off, remove the card cage cover and disconnect the 
~rite head cable from the front of the WR card (slot A4) .. 

2. With power on, mount and load a master skew tape (StorageTek 
PN 403802201, PN 403802202, or equivalent) withbut a w~ite 
enable ring. Tape must meet the requirements of Storage 
Technology specifications, Ensure the File Protect indicator 
is illuminated at the completion of the load. 

3. 

CAUTION 

Never do a high speed rewind on a master skew 
tape. 

Connect a dual-trace oscilloscope channel 1 to bit 
on the RD card (slot A6) and channel 2 to bit 5 
(Refer to Figure 9-3) The scope settings should 
follows: 

95521 
EC 26026 

Kit PN 88063 

4 (TP 4) 
(TP 5). 
be as 

9-5 



Sweep 
Trigger 

Mode 
Channe 1 1 
Channel 2 

5 microseconds/division 
Negative Slope 
Channe 1 1 On 1 y " 
Internal 
HF Reject 
Normal 
Chopped 
50 millivolts/division 
50 millivolts/division 

4. Enter maintenance program 00 to move tape forward. Adjust the 
read/write head alignment screw (Figure 9-2) until forward 
sKew is less than 1 microsecond and as close as possible to 
0. 

5. Ensure that the the R/W head sKew is not out of alignment by 
one or more bytes. Do this by monitoring all bits with scope 
channel 2 ( see Figure 9-3 for test points). The head is out 
of alignment when any bit shows a phase loss or a phase shift 
on the scope. 

6. If the head is out of alignment, do Steps 7 and 8. If the 
head is prop~r1y aligned, go to st~p 3. 

7. Move scope channel 2 up to bit 6 (TP 6) (refer to Figure 
9-3). Adjust the head alignment screw to align bits 4 and 6. 
Move channel 2 to the next bits in the following order: 

0, 1, 2, p, 3, 7 

If any.bit is not aligned, "again adjust the alignment screw. 
Continue until all bits have been checKed and aligned. 

8. Repeat Step 4 

9. Move scope channel 2 to all other bits (7,3,p,2, 1,0,6 - refer 
to Figure 9-3) and verify that none of the bits has a sKew 
greater than ±2.5 microseconds. If any bit exceeds this 
allowance, the head should be replaced and the entire tape 
tracKing and sKew adjustment must be repeated. 

10. Enter maintenance program 01 to move tape bacKward. With 
scope channell still on bit 4 (TP 4) and channel 2 on bit 5 
,TP 5), adjust capstan motor mounting screw 1 or 2 very 
slightly until bacKward static sKew is less than 
microsecond and as close as possible to 0. 

11. Enter maintenance program 00 to move tape forward. Ensure 
that forward static skew is still less than 1 and close to ° 
microseconds. If necessary, readjust the read/write head 
alignment screw. (It may be necessary to perform steps 10 
and 11 three or four times to ensure that forward and 
backward skew are negligible.) 
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12. Enter maintenance program 02 to perform the shoeshine 
routine. Examine closely the upper tape guide and ensure 
that tape is not forced to the guide flanges. - This can be 
best accomplished by removing the outer flange of the upper 
guide and ensuring that tape does not overhang the guide. 
Reinstall .the flange when the check is completed. 

13. If necessary, very slightly adjust capstan motor mounting 
screw 3. If this adjustment is made, return to step 10 

Failure to achieve proper alignment may require reperforming 
this procedure or may indicate a defective component in the 
tape path, such as bent swing arm, a defective capstan, or a 
burred or nicked tape guide or flange. A bent swing arm is 
often characterized by excessive tape jump on the capstan as 
tape direction changes. 

14. Measure the dynamic skew (timing jitter) using the following 
measurement technique: 

a) Enter maintenance program 00 to move tape forward. 

b) Sync scope on Bit 5 and measure the timing width of the 
scope trace at 0 Vac point (50% point of peak-to-peak 
transition) , 

c) sync scope on Bit 4 and measure the total time width 
(jitter) of Bit 5 scope trace at 0 Vac point,_ 

d)- The dynamic skew is equal to the measurement of Step c 
minus the measurement of step b. It must be equal to or 
less than 7.0 microseconds. 

-_ e) Enter maintenance program 01 to move tape backward and 
repeat Steps b through d to measure backward dynamic 
skew. It must be equal to or less than 7.0 microseconds. 

15. If dynamic skew is not within specifications, check for 
defective tape path parts. If any parts must be replaced, 
repeat entire tape tracking and skew adjustment procedure. 

16. When the tracking and skew requirements are met, unload and 
remove the master alignment tape. With power off, reconnect 
the cable to the-WR card and reinstall the card cage cover. 

17. Run all internal diagnostics. 

9.5 QUARTERL Y TAPE SKEW CHECKS 

This procedure checks whether tape skew has remained within an 
allowable range. A greater skew tolerance than in the previous 
calibration procedure (paragraph 9.4.2) is allowed. If any of the 
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measurements below do not fall within specifications, the entire 
tape tracking and skew adjustment procedure (paragraph 9.4) must 
be performed. 

1. With power off, remove the card cage cover and disconnect the 
write he~d cable from the front of the WR card (siot A4). 

2. With power on, mount and load a master alignment tape without 
a write enable ring. Tape must meet the requirements of 
Storage Technology specifications. Ensure the File Protect 
indicator is illuminated at the completion of the load. 

CAUTION 

Never do a high speed rewind on a master 
alignment tape. 

3. Connect a dual-trace oscilloscope channel 1 to bit 4 (TP 4) 
on the RD card (slot A6) and channel 2 to bit 5 (TP 5). The 
scope settings should be as follows: 

Sweep 
Trigger 

Mode 
Channe 1 1 
Channel 2 

5 microseconds/division 
Negative Slope 
Channel 1 Only 
Internal 
HF Reject 
Normal 
Chopped 
50 millivolts/division 
50 millivolts/division 

4._ ,- Enter rna intenance program 00 to move tape forward .. Ensure 
forward skew is equal to or less than 4 microseconds. 

5. Enter maintenance program 01 to move tape backward. With 
scope channel 1 still on bit 4 (TP 4) and channel 2 on bit 5 
(TP 5), ensure that backward static skew is equal to or less 
than 4 microseconds. 

6. Measure the dynamic skew (timing jitter) using the following 
measurement technique: 

a) Enter maintenance program 00 to move tape forward. 

b) Sync scope on Bit 5 and measure the timing width of the 
scope trace at 0 Vac point (50% point of peak-to-peak 
trans'i t ion) , 

c) sync scope on· Bit 4 ~nd measure the total time width 
(jitter) of Bit 5 scope trace at 0 Vac point, 
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d) The dynamic skew is equal to the measurement of Step c 
minus the measurement of Step b. It must be equal or less 
than 7.0 microseconds. 

e) Enter maintenance program 01 to move tape backward and 
repeat Steps b through d to measure backward dynamic 
skew. It must be equal to or less than 7.0 microseconds. 

9.6 BIT POSITION CHECK AFTER PART REPLACEMENT 

This check is required only if a component in the tape path was 
replaced, including the R/W head, and the subsequent tape 
tracking and skew adjustment performed. This procedure is not 
required for scheduled maintenance. 

In the rare occasions when the shimmed skew block is replaced, it 
is the most likely reason for bit position problems. 

1. load a reel of blank tape with a write enable ring installed. 

2. Enter maintenance program OF, select 1600 bpi density at BOT, 
and wr i te a 11 ONEs on a 11 tracks for about 10 seconds. 

3. Use tape developer to develop two feet of the recorded tape. 

4. Use a magnifier ('jeweler's 10upe) with a'reticle scale to 
inspect the developed tape. The distance from the edge of 
tape to the edge of the outside tratk (physical track 1, bit 
5) should be 0.007 ±0.003 inch (0.178 ±0.076 mm) (Refer to 
Figure 9-4). 

5. If the outside track does not meet this specification, 
recheck the capstan alignment. 

CAUTION 

Cut the developed tape from the reel and place a 
new BOT marker on the tape. Do not reuse the 
developed part of the tape as damage to the 
read/write head could result. 

9.7 QUARTERLY READ AMPLITUDE CHECKS 

All amplitude checks must be performed at both 50 IPS and 100 IPS 
modes. The procedure below gives values for 50 IPS mode checks. 
Amplitude values at 100 IPS mode must be within 35% of amplitudes 
at 50 IPS mode. 

The read amplitude measurements should be made only after all 
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0.004 to 0.010 inch -
~ ,'" 1"'-'" 2"''' m \ LI.ILU"'. ~~ 1m, .' 

'J TAACKl 
(BIT 5) 

EDGE TOWARD DECK CASTING 

TRACK 9 
(BIT 4) 

1~.1 
Figure 9-4. Bit Position Check 

other measurements, alignments, and checks have been performed. 

The amplitude - measurements are made on the RO card-at the +Oif 
Analog test points (Figure 9-3). Use an osci lloscope to me~sure 
each bit from peak to valley.' Ground the scope at one of the two 
ground test points available 9n the card. 

1. Load a master output tape with a write enable ring installed. 

2. While positioned at -BOT, select 1600 bpi derlsity- with the 
operator panel Density Select switch. Enter maintenance 
program OF to write all-ONEs on all tracks. (There should be 
an X in the display.) The signal amplitude of each bit while 
writing should be 0.7 to 3.0 volts. 

3. Enter maintenance program 00 to perform a read forward 
operation. The signal amplitude of each bit should be within 
10% of the signal amplitude measured in step 2. 

4. After repositioning tape to BOT, 
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Enter maintenance program OF and write a high/low frequency 
pattern on all tracks. The signal amplitude of each bit while 
writing should be 0.6 to 3.0 volts. 

In 6250 bpi (GCR), Program OF writes a pattern of all ONEs 
and then 1/3 all ONEs. The amplitude must be checked on the 
the all ONEs pattern. 

5. Alternately enter maintenance programs 00 and 01 to perform 
three read passes. On the third read pass (forward), the 
signal amplitude of each bit should be 85% or greater of the 
signal amplitude measured in step 5. 

6. Enter maintenance program 01 to perform a read backward 
operation. The signal amplitude of each bit should be within 
20% of the signal amplitudes measured in step 6. 
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CHAPTER 10 

REMOVAL AND REPLACEMENT 

10. 1, INTRODUCTION 

This chapter provides removal and replacement procedures for 
Field Replacement Units (FRUs). The procedures are arranged by 
location and/or function under the following major headings: 

1 . Tape Path 

2. Swing Arm Assemblies 

3. Capstan, Reels, and Blower 

4. Circuit Cards 

5. Power Supply and Fans 

To prevent safety hazards and damage to the Magnetic Tape 
Subsystem (MTS), turn off the main circuit breaker located behind 
the right front cover b~fore performing any replacement 
procedure. Certain procedures specify disconnecting the main 
power cord as well. 

Removal of components may require access to rear of MTS casting. 
To access vertical models, release deck lock shown in Figure 
10- 1 . 

10.1.1 Fuses 

Four fuses are used 

PK Card 

AK Card 

Retractor Motor 
( in 1 i ne) 

Vacuum Blower 
( in 1 i ne) 

10.1.2 Torx Screws 

The majority of the 
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in the MTS; their locations and 

amp slow blow 

20 amp fast blow 

3/4 amp slow blow 

4 amp slow blow 

screws used in the assembly of 
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and #10 Torx' thread-forming screws. Remove and reinstall these 
screws by using only the 2920 tool set (PN 404192401) containing 
the T15, T20, and T25 Torx screwdriver. 

CAUTION 

The screw threads must be clean when Torx screws 
are reinstalled in the aluminum deck casting. 
Start the screw by hand; do not overtighten. 

10.2 TAPE PATH 

I. 

The locations of the FRUs detailed in this section are shown in 
Figure 10-1. 

CAUTION 

When working on the tape path, always assure that 
the machine reel cover is in place before closing 
the tape path door. 

10.2.1 EDT IBOT Sensor Replacement 

1. SWltch off the main circuit breaker. 

2. Remove the EDT/BOT sensor mounting screw and pull the EDT/BOT 
assembly from the front of the deck casting, It may be 
necessary to use a pair of longnose pliers to remove the
assembly. 

!. 

3. Use the original mounting hardware to install the replacement 
EDT/BOT assembly. Tighten the mounting screw firmly, but do 
not overtighten. 

4. Power up the MTS, load a work tape, and check that BOT is 
properly detected. 

5. Enter maintenance program 00 to run the tape forward. Check 
that EDT is properly detected. If a machine check occurs, 
refer to Fault Code Dictionary PN 97712 or 87004. 

'Trademark of the Camcar Division of Textron Inc. 
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10.2.2 Leader Sensor Replacement 

1. Switch off the main circuit breaker. 

2. Remove the tie-wrap that secures the leader sensor cable. 

3. Disconnect J28 from the leader sensor. 

4. Remove the two leader sensor housing mounting screws. Remove 
the sensor housing by pulling J28 through the front of the 
deck. Be careful not to break the connector. 

5. Remove the plastic sensor from housing. Install new sensor 
with manufacturer's decal visible. Do not overtighten. 

6. Reinstall the leader sensor housing using the original 
mounting hardware. Reconnect J28. 

7. Power up the MTS and run all internal diagnostics (refer to 
Chapter 11). 

10.2.3 Tape Cleaner Block Replacement 

1. Switch off the main circuit breaker. 

WARNING 

TaKe care when handling the tape cleaner block 
because the blade is sharp. 

2. Remove the cleaner block mounting screw. 
from the decK casting. 

Remove the block 

3. When replacing the tape cleaner block, maKe sure that the 
alignment pin in the decK is aligned with the hole in the 
cleaner blocK and that the cleaner block is seated against 
the casting before tightening the mounting screw. Tighten 
the screw firmly, but do not overtighten. 

4. Power up the MTS and load a worK tape. 

5. Enter maintenance program 00 to run the tape forward. Check 
to see that the tape very slightly contacts the blade and 
screen of the cleaner blocK. 

10.2.4 File Protect Sensor Replacement 

1. Switch off the main circuit breaKer. 
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2. 

CAUTION 

There may be shims between the file protect 
sensor and the deck casting that may drop out 
as the following step is performed. 

Di sconnect J27 from the fi le' protect "sensor. 
screw that secures the file protect assembly to 
the de~k casting. 

Remove the 
the back of 

3. In$tall the replacement file protect sensor over the locating 
pin and install the sensor mounting screw. Reinstall the 
shims, if any, over the screw. Secure the mounting screw, do 
not overtighten. Reconnect J27. . 

4. Power up the MTS and load a work tape with a write enable 
ring installed. Check that the file protect indicator turns 
off. 

5. Unload the tape, remove the ring, and reload the tape. Check 
that the file protect indicator is illuminated. 

10.2.5 Read/Write Head Replacement 

1. Switch off the main circuit breaker. 

2. Remove the three screws that secure the thread door, taking 
care not to lose the springs. 

3. Remove the filler block over the read/write head cables 
(refer to Figure 10-2). 

4. Loosen the three screws that secure the card cage cover to 
the card cage; remove the cover. 

5. Disconnect the read cable from the RD card and the write 
cable from the WR card. 

6. Remove the three socket head screws that secure the 
read/write head assembly to the skew block. Remove the head 
assembly. Do not remove the baseplate from the read/" write 
head. 

7. Mount the replacement read/write head on the skew block. 
Make sure that the pins are aligned. Firmly seat the 
read/write head against the skew block before inserting the 
retaining screws .. 
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Figure 10-2. Read/Write Head 

CAUTION 

Do not tap or pound on the read/write head 
assembly: permanent damage can occur. 

12055 

8. Reconnect the read and write cables. 

9. Reinstall the filler block. MaKe sure that the filler block 
is clamped over the read/write head cable insulation and does 
not pinch any wires that may be unsheathed in this area. 

10. Remove the protective covering from the replacement 
read/wr i te he~d. (Use th is cover i ng to protec t the 
tape-contacting area of the original read/write head.) Clean_ 
the replacement head with approved Hub and Transport Cleaner. 

11. Reinstall the thread door. Operate the door to be sure that 
it does not bind when it is opened and closed. Binds can 
cause the door to be improperly seated, resulting in vacuum 
leaks that could affect tape threading. 
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12. Perform the tape tracking and skew procedure and the read 
amplitude checks (refer to Chapter 9). 

10.3 SWING ARM ASSEMBLIES 

The procedures for replacing the swing arm assemblies are given 
in the following paragraphs. 

10.3.1 Lower Swing Arm Assembly Replacement 

1. Switch off the maih circuit breaker. 

2. Disconnect J24 from 
from the retractor 
retractor gear motor. 

the lower swing arm 
switch assembly, 

tach assembiy, 
and J17 from 

. J34 
the 

3. Push up on the bottom of the retractor connecting rod until 
the swing arms are in. the extended position (refer to Figure 
10-3). 

4. If the retractor arm has a loop end, remove the connecting 
rod end. If the retractor arm has a slot end, loosen the 
attachment screw. 

5. Unhook the lower swing arm tension spring from the spring 
post on the deck casting. 

6. Remove the three screws that secure the swing arm pivot plate 
to the deck casting. Remove the lower swing arm assembly, 
guiding the rollers through the holes in the deck. 

7, Remove the tension spri~g from the removed swing arm and 
install the tension sprlng on the replacement swing arm; 
making certain that the open side of the hook faces out from 
the swing arm. 

8. Mount the replacement swing arm assembly in position and 
secure it with the original hardware. 

9. Reinstall the connecting rod end if it was removed earlier f 

but do not tighten the attachment screw, at this time. 

10. Check the retractor switch bracket to see if it has two holes 
or a slot where it attaches to the pivot plate. If it has 
the holes, no adjustment is necessary. If there is a slot, 
then push the connecting rod up approximately 1/4-in. (0.64 
em) beyond the point where the swing arms contact the swing 
arm bumpers. Loosen the two screws that hold the retractor 
switch bracket to the swing arm pivot plate. Move the switch 
assembly until the retractor activates the switch. Tighten 
the two screws. 
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11. Reconnect the tension spring to the spring post. 

12. Loosen the stop collar and the connecting rod end if not 
done. 

13. Push the connecting rod down until there is light contact 
between the outside roller (closest to the capstan wheel) on 
the upper swing'arm and the recessed area at the top of the 
slot in the decK, or until the roller pin lightly contacts 
the decK.' 

14. Push down on the connecting rod end until the lower swing arm 
pins lightly contact the upper ends of the slots in the deck. 
Tighten the screw securing the connecting rod end. 

15. Reconnect J24 to the tach assembly and J34 to the retractor 
switch assembly. 

16. Power up the MTS. There will be a machine checK indication 
because the retractor motor is still unplugged (at J17). 
Press RESET on the operator panel. 

17. On the diagnostic keypad, press <ENTER PROBE> <6061> <ENTER>, 
The display should show a two-digit hex character. Push up 
on the connecting rod until the swing arms a~e in the 
extended position. Move the swing arms gently through their 
arc. ChecK to see that the display value changes as the arms 
move out of their bottom position, again just below the'fixed 
roller, and again near the t~p of their arc. 

CAUTION 

To prevent damage to the retractor motor, do 
not proceed if this test fails. 

18. Switch off the main circuit breaker. 

19. Reconnect J17 to the retractor gear motor. 

20. Power up the MTS. The power-up diagnostics will cycle the 
swing arms. Run several 1F diagnostics <ENTER DIAG> <1F> 
<ENTER>. This will allow the swing arms to find their 
natural stopping point. 

21. The outer roller of the upper swing arm should stop within 
.100 inch from the recess in the decK. If it does not stop 
within this range then readjust by making small changes in 
the position of the connecting rod end. 

22. With the swing arms in their 
diagnostics, insert a .02 to .03 
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collar and the deck casting, and tighten the stop collar. 

23. Push down on the connecting rod. until the stop collar 
contacts the deck. In this position neither the upper or the 
lower swing arms should contact the deck. 

24. Run 1F diagnostics again. When the swing arms stop in their 
retracted positi.on the stop collar should not contact the 
deck. If the stop collar does contact the deck, readjust 
starting with step 12. 

25. Perform the tape tracking and skew procedure (refer to 
Chapter 9). 

26. Run all internal diagnostics (refer to Chapter 11). 

10.3.2 Lower Swing Arm Tach Assembly Replacement 

1. Switch off the main circuit breaker. 

2. Disconnect J24 from the sensor assembly. 

3. Remove the plastic snap-off cover over the sensor assembly. 

4. The tach disc is secured to the swing arm shaft by a screw 
and two washers. The larger washer has a small hole that 
keys onto the dowel pin in the shaft. Remove the screw and 
washers. (On a few older machines, the tach disc is secured 
to the shaft by two retaining rings, a spring washer, and a 
flat washer.) 

5. 

6. 

Remove the four socket-head 
assembly to the swing arm 
assembly. 

screws that 
pivot plate. 

secure the sensor 
Remove the tach 

Install the replacement tach assembly with the 
removed in step 5. The two ICs on the tach card 
located on the left. Align the small hole in the 
with the dowel pin on the swing arm shaft. Install 
washer, aligning the small hole in the washer with 
pin of the shaft. Install the small washer and 
with the screw. 

CAUTION 

hardware 
should be 
tach disc 
the large 
the dowel 
secure it 

Make sure that the hole in the tach disc is 
properly aligned before tightening the screw. 
Permanent damage to the disc will occur if it 
is not properly aligned before tightening. 
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7. Reinstall the plastic cover over the sensor assembly. 

8. Reconnect J24 to the sensor assembly. 

9. Power up the MTS. If there is a failure of the tach 
assembly, the power-up olagnostlcs should display a rault 
code in the LED display (refer to Fault Code Dictionary PN 
97712 or 87004). Run all internal diagnostics (refer to 
Chapter 11). 

10. An additional checK of the swing arm tach assembly_ .can be 
made using the LED display. To perform this check, move the 
swing arms to their fully extended (downward) posjtion. To 
do this, enter maintenance program 1F. When the swing arms 
reach the bottom of their travel, press RESET. You may have 
to do this several times to stop the arms in the proper 
position. On the diagnostic keypad, press <ENTER PROBE> 
<6061> <ENTER>. The LED display should display a two-digit 
hex character. The movement of the swing arms gently through 
their swing arc should cause a change in the units position 
of the display when each arm is at the top, at the-bottom, 
and just below the fixed roller post position of the arc. Do 
not allow the arms to slip free and drop to the bottom under 
spring tension. This can damage the arms by changing the 
alignment. 

10.3.3 Upper Swing Arm Assembly Replacement 

1. Switch off the main circuit breaker. 

2. Disconnect J14 from the file 
retractor motor, J18 from the 

- from the upper swing arm tach, 

reel motor, J17 from the 
vacuum blower motor, and J23 

3. Remove the four screws that secure the vacuum blower and 
adapter assembly to the deck casting. Remove the blower and 
adapter assembly. 

4. Remove the seal around the capstan motor. Remove all of the 

5. 

6. 

screws that secure the rear plenum cover to the deck casting. 
Remove the plenum cover. 

Push up on the bot tom of the connecting rod in order to place 
the swing arms in the extended position (refer to Figure 
10-3). 

Unhook. the upper swing arm tension spring from the spring 
post on the deck. 

7. Remove the three screws that secure the swing arm pivot plate 
to the deck. casting. Remove the upper swing arm assembly, 
guiding the rollers through the holes in the deck. 
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8. Remove the tension spri~g from the removed swing arm and 
install the tension sprlng on the replacement swing arm, 
making certain that the open side of the hook faces out from 
the swing arm. 

9. Mount the new swing arm assembly in position and secure it 
with the hardware removed in step 7. 

10. Reconnect the tension spring to the spring post. 

11. Loosen the stop collar and the connecting rod end. 

12. Push the connecting rod down until there is light contact 
between the outside roller (closest to the capstan wheel) on 
the upper swing arm and the recessed area at the top of the 
slot in the deck, or until the roller pin lightly contacts 
the deck. 

13. Push down on the connecting rod end until the lower swing arm 
pins lightly contact the upper ends of the slots in the deck. 
Tighten the screw securing the connecting rod end. 

14. Reconnect J23 to the upper swing arm tach assembly, and J18 
to the vacuum blower motor. 

15 .. Power up the MTS. There wi 11 be a machine check indication 
because the retractor motor is still unplugged (J17). Press 
RESET on the operator panel. 

16. On the diagnostic keypad, press <ENTER PROBE> <6061) <ENTER>. 
The display should show a two-digit hex character. Push up 
on the connecting rod until the swing arms are in the 
extended position, Move the swing arms gently up through 
their- arc, Check to see that the display value changes as 
the arms move out of their bottom position, again just below 
the fixed roller, and again near the top of their arc. 

CAUTION 

To prevent damage to the retractor motor, do 
not proceed if this test fails. 

17. Switch off the main circuit breaker. 

18. Reconnect J17 to the retractor gear motor. 

19. Power up the MTS. The power-up.diagnostic5 will cycle the 
swing arms. Run several 1F diagnostics <ENTER DIAG> <IF> 
<ENTER>. This will allow the swing arms to find their 
nat u r a 1 s t opp i ng po i n t .. 
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20. The outer ,roller of the upper swing arm should stop within 
.100 inch from the recess in the deck. If it does not stop 
within this range then readjust by making small changes in 
the position of the connecting rod end. 

21. With the swing arms in their retracted position run IF 
diagnostics, insert a .02 to .03 inch shim between the stop 
collar and the deck casting, and tighten the stop collar. 

22. Push down on the connect i ng rod unt i·1 the s top co 11 ar 
contacts the deck. In this position neither the upper or the 
lower swing arms should contact the deck. 

23. Run 1F diagnostics again. When the swing arms stop in their 
retracted position the stop collar shouid not contact the 
deck. If the stop collar does contact the deck, readjust 
starting with step 11. 

24. Power down the MTS. Clean and install the vacuum plenum 
cover and capstan seal. Make sure the seal is properly 
pressed against the plenum cover. Check the alignment of all 
cables emerging from the vacuum plenum in their respective 
slots before tightening the plenum cover screws. 

25. Reinstall the vaeuum blower and adapter assembly using the 
hardware removed in step 5. 

26. Reconnect J18 to the vacuum blower, 
motor. 

and J14 to the file 

27. Power up the MTS and perform the tape tracking and skew 
procedure (refer to Chapter 9). 

28. Run a.ll internal diagnostics (refer to Chapter 1.1). 

10.3.4 Upper Swing Arm Tach Assembly Replacement 

1. Switch off the main circuit breaker. 

2. Disconnect J14 from the file 
retractor motor, J18 from the 
from the upper swing arm tach. 

reel motor, J17 from the 
vacuum blower motor, and J23 

3. Remove the four screws that secure the vacuum blower and 
adapter assembly to the deck casting. Remove the blower and 
adapter assembly. 

4. Remove the seal around the capstan motor. Remove all the 
screws that secure the vacuum plenum cover to the deck 
casting. Remove the plenum cover. 

5. Remove the plastic snap-off cover over the sensor assembly. 
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6. The tach disc is secured to the swing arm shaft by a screw 
and two washers. The larger washer has a small hole that 
keys onto the dowel pin in the shaft. Remove the screw and 
washers. (On a few older units, the tach disc is secured to 
the shaft by two retaining rings, a spring washer, and a flat 
washer. ) 

7. Remove the four socket-head screws that secure the tach 
assembly to the swing arm pivot plate. 

8. Install the replacement tach assembly with the hardware 
removed in step 8. The two ICs on the tach card should be 
located o.n the left. Align the small hole in the tach disc 
with the dowel pin on the shaft. Install the large washer, 
aligning the small hole in the washer with the dowel pin of 
the shaft. Install the small washer and secure it with the 
screw. 

CAUTION 

Make sure that the hole in the tach disc is 
properly aligned before tightening the screw. 
Permanent damage to the disc will occur if it 
is not properly aligned before tightening. 

9. Reinstall the plastic cover. over the sensor assembly. 

10. Reconnect J23 to the tachometer. 

11. Power up the MTS. If there is a failure of the tach 
assembly, the power-on diagnostics should display a fault 
code (refer to Faul t Code Dictionary PN 97712 or. 87004). For._ 
a further check of the tach assembly, refer to step 10 of the 
lower swing arm tach assembly replacement procedure (refer to 
Chapter 9). 

12. Power down the MTS. Disconnect J23 from the tach. Clean and 
'install the vacuum plenum cover and capstan seal, ensuring 
that the seal is properly pressed against the plenum cover. 
Check the alignment of all cables emerging from the vacuum 
plenum in their respective slots before tightening the plenum 
cover screws. 

13. Install the vacuum blower and adapter assembly using the 
hardware removed in step 3. 

14. Reconnect J14 to the file reel motor, 
motor, J18 to the vacuum blower motor, 
swing arm tach. 

J17 to the retractor 
and J23 to the upper 

15. Power up the MTS and run all internal diagnostics (refer to 
Chapter 11). 
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10.3.5 Retractor Assembly Replacement 

1. Switch off the main circuit breaker. 

2. Disconnect J17 from the retractor motor. 

3. 

4. 

5. 

6. 

Push upward on 
the swing arms 
10-3). 

the bottom of the connecting rod to position 
in the extended position {refer to Figure 

Remove the 
-1"_11\ +h~+ 
I v "'T I '-IIU .. 

four socket-head screws (located at B in Figure 
secure the retractor assembiy to the casting. 

Remove stop collar clamp from top of 
10-4). and slide the entire assembly 
casting. 

connecting rod (Figure 
out of the hole in the 

On new retractor assembly, gently push the connecting 
the way up. 

rod - , , 
C1 I I 

7. Mount the new retractor assembly in reverse order of removal 
and remount the stop collar clamp"but do not tighten. 

8-. Loosen-the connecting rod end screw .. 

9. Push-down on the top of the connecting rod until the upper 
swing arm rollers are very lightly contacting the end of the 
slots in the deck casting. Position the stop collar flat 
against the deck and firmly tighten the screw. 

10. Push down on the connecting rod end until the lower swing arm 
rollers are very lightly contacting the end of the slots in 
the deck casting. Tighten the connecting rod end. 

11. Power up the MTS. There will be a machine check indication 
because the retractor motor is still unplugged (J17). Press 
RESET on the operator panel. 

12. On the diagnostic keypad, press <ENTER PROBE> <6061> <ENTER>. 
The display should show a two-digit hex character. Move the 
swing arms gently through their arc. Check to see that the 
display value changes as: 

a) The arms move out of their bottom position; 

b) The arms are just below the fixed roller; 

c) The arms are near the top of their arc. 

Now pull the connecting rod down until the stop collar 
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contacts the decK. ChecK to see that there is a gap between 
the swing arm pins and the end of the slots that should have 
been created by the tension springs pulling down on the swing 
arms, As a checK, this gap should measure between 0.03 in. 
(0.08 cm) and 0.08 in. (0.20 cm) at the outside pin. This 
can be measured on the .front of the deck by p 1 aci ng a s tee 1 
rule by the roller pin and moving the pin until it contacts. 
If the gap is incorrect, go "back to step 11. Check the 
display panel and see if the display changes as you move the 
arms through the distance of the gap, If the display 
changes, follow the procedure in the following paragraph. 
Otherwise, go to step 16. 

If the display changes within the range of the gap described 
above, ioosen the three screws holding the pivot plate to the 
deck of the assembly that causes the display to change", From 
the back of the deck, rotate the plate counterclockwise as 
far as it will go, then tighten the screws. Check the 
display again as described above. 

CAUTION 

To prevent damage to the retractor motor, do 
not proceed if this test fails. 

13~ Switch off the main cireuit breaker. 

14. Reconnect J17 to the retractor motor. 

15. Power up the MTS. The power-on diagnostics will cycle the 
arms and check for proper operation of the arms during this 
procedure. You can cause additional cycling of the arms by 
entering diagnostic routine 1F. The LED display should 
indicate four dashes for proper oPeration. A fault code 
indicates failure and should be investigated before 
proceeding (refer to Fault Code Dictionary PN 97712 or 
87004) . 

16. Run all internal diagnostics (refer to Chapter 11). 

10.4 CAPSTAN, REELS, AND BLOWER 

Procedures for replacing the capstan motor, file reel hub, file 
and machine reel motors, and vacuum blower are given in the 
following paragraphs. 
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10.4.1 Capstan Motor Replacement 

1. Switch off the main circuit breaKer. 

2. Disconnect J14 from the file 
retractor motor, J18 from the 
from the upper swing.arm tach. 

reel motor, J17 from the 
vacuum blower motor, and J23 

3. Disconnect J16 from the capstan motor. 

4. Remove the four screws that secure the vacuum blower adapter 
to the decK casting. Remove the blower and adapter assembly. 

5. Remove the seal from around the capstan motor. Remove all 
the screws that secure the vacuum plenum cover to the deck 
casting. Remove the plenum cover. 

6. At the front of the decK casting, remove the screw that 
secures the capstan wheel to the motor shaft. Remove the 
caps t an whee 1 • 

7. Each of the three capstan motor mounting screws retains a 
spring between the capstan motor and the deck casting. These 
springs are required during reassembly and are critical to 
proper operation. 

Equally loosen the three screws that secure the capstan motor 
to the deck casting while' supporting the capstan motor from 
the rear, but do not pull the screws from the casting until 
you can remove the springs from the rear. Remove the springs 
and store them safely for reassembly. 

8, Reassemble all components in reverse order of disassembly. 
Position the capstan motor with the tach cable to - the left-
(as viewed from the rear) and route the cable through the 
groove in the casting directly below the motor. 

Insert the three capstan motor mounting screws 
front of the casting and slide the springs on 
threaded portions of the screws from the rear. 

through the 
the exposed 

9. With the springs properly placed on the screws, ·install the 
motor and moderately tighten the screws. Tighten screws 
alternately and equally to prevent stripping. 

10. Back off each mounting screw by one complete turn. 

11. Clean and replace the plenum cover. Ensur~ that all cables 
emerging from the vacuum plenum are located properly in their 
respective slots in the deck casting before tightening the 
plenum cover retaining screws. Replace the seal around the 
capstan motor, ensuring that the wide flange is pressed 
against the plenum cover. 
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12. Reinstall the vacuum blower and adapter assembly. 

13. Reconnect J14 to the file reel motor, J16 to the capstan 
motor, J17 to the retractor motor, J18 to the vacuum blower 
motor, and J23 to the upper swing arm tach. 

14. Perform the tape tracKing and skew ·procedure (refer to 
Chapter 9). 

10.4.2 File Reel Hub Replacement 

1. Remove the three socket-head screws that secure the hub cover 
to the hub assembly. Remove the hub cover. 

2. Remove the three socket-head screws that secure the hub 
assembly to the clamp collar. Slide the hub off the reel 
motor shaft. 

3. Slide the replacement file reel hub assembly onto the reel 
motor shaft. Align the screw holes in the hub with the holes 
in the clamp collar. Insert the mounting screws and tighten 
securely. 

4. Reinstall the hub ·cover. Do not overtighten the screws. 
Overtightening can damage the hub cover. 

5. Power· up the M.TS and load a scratch tape. Enter maintenance 
program 00 to run the tape forward. Check that the tape does 
not contact either flange of the reel. Perform the same 
check using maintenance program 01 to run the tape backward. 

If necessary, use the clamp collar to reposition the hub 
until the tape wraps on the reel without contacting the reel 
flanges. 

6. Check the alignment and operation of the file protect sensor. 
To checK for proper operation of file protect, load a scratch 
tape with a write enable ring installed and check that the 
file protect indicator turns off. Unload the tape, remove 
the ring, reload the tape, and check that the file protect 
indicator is illuminated. 

10.4.3 File Reel Motor Replacement 

1. Switch off the main circuit breaKer. 

2. Disconnect J14 from the file reel motor. 

3. Remove the three socKet-head screws in the hub cover. Remove 
the hub. cover by opening the hub latch and pulling off the 
cover with a slight counterclocKwise twist to clear the hub 
latch. 
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4. Remove the three screws that secure the hub assembly to the 
clamp collar and remove the hub assembly. 

5. Remove wire tie from rear of motor 

6. Remove the four screws that secure the reel motor to the deck 
casting and remove the motor. 

7. Reassemble in reverse order. The outer edge of the clamp 
collar should be positioned 0.816 in. ±0.002 in. (2.07 ±0.005 
cm) from the front of the reel motor. 

8. To check for proper alignment of the reel to the tape path, 
power up the MTS, mount and load a scratch tape, enter 
maintenance program 00, and run tape forward to EDT. Rewind 
while observing the tape as it wraps back on the file reel: 
the tape should not contact either flange of the reel. If 
necessary, use the clamp collar to reposition the hub until 
the tape wraps on the reel without contacting the reel 
flanges. 

9. Check the alignment and operation of the file protect sensor. 
To check for proper operation of file protect, load a scratch 
tape with a write enable ring installed and check that the 
file protect indicator turns off. Unload the tape, remove 
the ring, reload the tape, and check that the file protect 
indicator is illuminated. 

10.4.4 Machine Reel Motor Replacement 

1. Switch off the main circuit breaker. 

2. Disconnect J15 from the reel motor. 

3. Remove the machine reel cover. 

4. Remove the three screws that secure the machine reel hub cap 
to the hub and remove the cap and outer flange. 

5. Remove the three screws that secure the hub assembly to the 
clamp collar and remove the hub assembly. 

6. From the front of the deck casting, 
that secure the machine reel motor 
Remove the motor. 

remove the four screws 
to the deck casting. 

7. Install the replacement reel motor. The outer edge of the 
clamp collar should be positioned 0.642 ±0.005 in. (1.63 
±0.013 cm) from the front of the reel motor. 
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8. Reassemble all components in reverse order. Ensure that the 
rim of the outer flange is positioned outwards. 

9. Power up the MTS and load a scratch tape. Enter maintenance 
program 00 to run the tape forward. Check for proper 
alignment of the reel to the tape path. The tape shoulo not 
·contact either flange of the reel as it wraps on the machine 
reel. You may remove the column door and the machine reel 
cover once the tape has been loaded to observe the machine 
reel area. 

If necessary, use the clamp collar to reposition the hub on 
the motor shaft until the tape wraps on the reel without 
contacting the reel flanges. 

10.4.5 Vacuum Blower Replacement 

1. Switch off the main circuit breaker. 

2. Disconnect J18 from the vacuum blower. 

3. Remove the four screws that secure the vacuum blower to the 
vacuum blower adapter. Remove'the blower. 

4. Remove the blower mounting plate from the blower and install 
the plate on the repl~cement blower. 

5. Reassemble in reverse order. When installing the four 
screws, make sure that the threads of all the screws are 
caught before completely tightening anyone screw. Reconnect 
J18 and checK the subsystem by performing at least 10 tape 
load operations. 

10.5 CIRCUIT CARDS 

The procedures for replacing circuit cards are given in the 
following paragraphs. 

10.5.1 Card Cage Circuit Cards Replacement 

1. Switch off the main circuit breaker. 

2. Loosen the four screws that secure the card cage cover and 
remove the cover. 

3. Put on a wrist strap and plug its banana clip into the 
receptacle on the deck casting (refer to Figure 10-1). 

4. If you are removing the·WR card, disconnect the card's front 
edge connector. If you are removing the RD card, disconnect 
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front edge connectors from both the WR and RD cards. Remove 
the circuit card by pulling on the ends of the tabs at the 
top and bottom of the card. 

CAUTION 

When rep 1 aci ng the RD card, ensure components' 
on the card do not rub against inside of the 
card cage, as this may damage the card. 

5. Insert the replacement card. Make sure that the tab ends are 
locked in the mating slots of the card cage. 

6. Power on the MTS and run all internal diagnostics to ensure 
proper operation (refer to Chapter 11). 

10.5.2 Front Operator Panel Replacement 

1. Switch off the main circuit breaker and disconnect the main 
power cord. 

2. Remove the four screws that secure the front panel assembly 
to the deck casting. 

3. Remove the electrical connectors from the back of the card, 
and remove the ground 'cable fro~ the lug on the deck casting. 
Note the orientation of the connectors for proper reassembly. 

4. Reassemble in reverse order. 

5. Power up the MTS and run maintenance 
Keyboard/LED' Test. Each depressed key 
code. The RESET key terminates the test. 

10.5.3 AK Card Replacement 

program 08, 
displays its 

the 
ASCI I 

1. Switch off the main circuit breaKer and disconnect the main 
power cord. 

2. Remove J11, J12, and J13 from the AK card. 
are keyed and labeled. 

The connectors 

3. Remove the seven screws that secure the AK card to the 
capacitor bank. Do not drop the screws into the fans or card 
cage. . You may have to hold the standoffs behind the AK card 
with a 5/16-in. open-end wrench when loosening the screws. 
Remove the card. 

4. When reassembling the AK card to the capacitor bank, start 
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all screws before completely tightening anyone screw. As 
the -screws make electrical contact, make sure they are 
tightened securely_ 

5. Reconnect all three electrical connectors (J11, 
J 13 ) . 

J 12, and 

6. Power up the MTS and check all power supply output voltages 
(refer to Chapter 9). 

7. Run all internal diagnostics to ensure proper operation 
(refer to Chapter 11). 

1 r\ c: A ov r'a"'~ cenl-ar"o.ment I U.~.'"T I."" I U I. tJ VV I I I • "" 

1. Switch off the main circuit breaker and disconnect the main 
power cord. 

2. Remove the clear plastic safety cover from the ~K card 
standoffs. 

3. Remove the insulator boot and the wire from the ferro 
capacitor. 

4. Remove the wires connected to the top edge of the PK card. 
Note the wire numbers are relative to the terminal post

-pos i t i on s . 

5. Pu 11 the card away from the trans former. Pu 11 the wi re tha t 
was attached to the ferro cap through the sense coil on the 
PK card. 

6. Reassemble in reverse order. 

7. Power up the MTS and check all power supply output voltages 
(refer to Chapter 9). 

8. Run all internal diagnostics to ensure proper operation 
(refer to Chapter 11). 

10.5.5 Motherboard Replacement 

1. Switch off the main circuit breaker and disconnect the main 
power cord. 

2. Loosen the four screws that secure the card cage cover and 
remove the cover. 

3. Unlatch all circuit cards in the card cage and slide the 
cards forward. It is not necessary- to slide the cards 
completely out of the cage. 
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4. Remove all electrical connectors from the motherboard. 

5. Disconnect the four wires from the solid state relay. The 
wires are marked to show the relay connections. 

6. Release motherboard harness from the two plastic cable 
clamps. 

7. Remove the eight nuts and washers that secure the motherboard 
to the card cage. 

8. Reassemble in reverse order. Insert the circuit cards in the 
motherboard connector"s before tightening the eight 
motherboard mounting screws to ensure proper alignment. 

9. Power up the MTS and run al"l internal diagnostics to ensure 
proper operation (refer to Chapter 11). 

10.6 POWER SUPPLY AND FANS 

The procedures for replacing the power supply components and 
cooling fan are given in the following paragraphs. 

10.6.1 Regulator Assembly Replacement 

1. Switch off the main circuit breaker and disconnect the main 
power cord. 

2. Disconnect the ground strap located on the left side (as 
viewed from rear) of the rectifier assembly. 

3. Remove the AK card from the regulator assembly. 
10.5.3, AK card replacement.) 

(See Step 

4. Loosen the three remaining screws that secure the rectifier 
assembly to the deck casting. Slide the rectifier assembly 
to the right to clear the screw heads and pull it to the rear 
of the MTS. 

5. Reassemble in reverse order. 

6. Power up the MTS and check all power supply output voltages 
(refer to Chapter 9). 

7. Run all internal diagnostics to ensure proper opera~ion 
(refer to Chapter 11). 
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10.6.2 Transformer Replacement 

1. Switch off the· main circuit breaKer and disconnect the main 
power cord. 

2. Remove the PK card. Refer to paragraph iO.5.4 for the 
procedure. 

3. Remove and marK the remaining wire from the ferro capacitor. 

4. Disconnect J12 from the AK card. 

5. Disconnect J31 located beneath the power transformer. 

6. Loosen all four screws that secure the transformer brackets 
to the deck casting. Remove the two screws on the right 
side. (on older machines, it may be necessary to remove all 
four screws). 

7. Slide the transformer to the right and off the two remaining 
screws. Use caution: the transformer weighs 25 pounds (11.4 
Kg) . 

8. Transfer the insulated stand-offs from 
transformer to the replacement transformer. 

9. Reassemble in reverse order. 

the removed . 

10. Power up the MTS and checK all power supply output voltages 
(refer to ~hapter 9). 

11. Run all internal diagnostics to ensure proper operation 
(refer to Chapter 11), 

10.6.3 Main Circuit Breaker Replacement 

1. Switch off the main circuit breaKer and disconnect the main 
power cord. 

2. The circuit breaKer is snapped into its receptacle from the 
front of the decK. Recessed areas are formed on either side 
of the breaKer to a 1·' ow remova 1 wi th a screwdr i ver blade. 

3. Note the locations of the electrical connections before 
disconnecting them. Prevent wires from falling into the decK 
casting recess. Disconnect the wires and remove the circuit 
breaKer. 

4. Reassemble in reverse order. 
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10.6.4 Cooling Fan Replacement 

1. Switch off the main circuit breaKer and disconnect the main 
power cord. 

2. Disconnect J31 located near the card cage. 

3. Remove the ground wire from the fan assembly. 

4. Remove the - screw that secures the fan assembly to the card 
cage. 

5. Slide the fan assembly bacK to free the locking tabs at the 
forward end of the fan assembly; then slide the assembly 
forward and out from under the securing screw. Finally, 
pivot the assembly to the left to clear the card cage and the 
motherboard. 

6. An individual fan may be replaced by removing tt from the 
mounting plate. Check the airflow direction as indicated on 
the side of the fan before installation. Air flow should be 
upward. Remove the fan guard and attach it to the 
replacement fan. 

7. Reassemble in reverse order. 

8, Power up the MTS and check the fans for proper operation. 

10.7 CAsLE HARNESS REPLACEMENT 

The procedures for replacing the power cable harness? the AC 
cable harness, the motor cable harness, and the sensor cable 
harness are given in the following paragraphs. 

NOTE 

Unit must be unplugged from the voltage source when 
removing or replacing cable harnesses. 

10.7.1 Cable Harness, Power 

1. Disconnect J13, J8, J4, and J5 connectors. 

2. Remove the cable from the clamps at the side of the card cage 
and motherboard. 

3. Reinstall the cable assembly in revers~ order. 
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10.7.2 Cable Harness, AC 

1. Remove the regulator assembly per paragraph 10.6.1. Document 
the wire connections from the AC cable harness as assemblies 
are disconnected. Observe the wire routing. 

2. Remove the operator panel 
disconnect the wires from 
breaker, and line filter. 

from the 
the power 

front of 
swi tch, 

the deck and 
main circuit 

3. Disconnect the AC harness where it attaches to the PK card. 

4. Reinstall the harness in reverse order. 

10.7.3 Cable Harness, Motor 

1. Unplug connectors J17, J18, J14, J15, J16, and 01. Remove the 
harness.clamps, if any. 

2. Remove the blower assembly to gain access to and to remove 
the harness. Observe how the harness is routed to assure 
connectors terminate at the proper places. 

3. Reverse the procedure to reinstall the replacement harness. 
Reattach the cable ties in the proper locations. 

10.7.4 Cable Harness, Sensor 

1. Unplug connectors 022, 023, 024, 027, 028, 034, 03, 09 1 and 
single fast-on lugs to the door interlock switch. Remove the 
two screws from 030 connector (EDT/BOT assemblYL, Notice that 
pin 1 of J30 is toward the top. 

NOTE 

028 is not connected if the MTS is used in the 
horizontal mount configuration. 

2. Cut the appropriate cable ties to free up the harness. 
Observe the harness routing to assure the replacement harness 

. does not interfere with moving parts. 

3. Replace the harness in reverse order. Replace the cable ties 
previously removed. 
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CHAPTER 11 

DIAGNOSTIC/MAINTENANCE PROGRAMS 

11. 1 INTRODUCTION 

The 2920 Magnetic Tape Subsystem (MTS) diagnostic programs are 
capable of detecting fault conditions in the tape subsystem and 
isolating failures within a specific number of field replaceable 
units (FRUs). The programs, which consist of internal diagnostic 
programs and maintenance programs, reside in the Diagnostic PROM. 

An optional set of diagnostics, external programs, are released 
on floppy diskettes and run from a Storage Technology Corporation 
Model 3910 Detached Diagnostic Device via the standard 1900 
interface. The external routine library provides complete 2920 
interface verification and- limited online exercising. The 1900 
Diagnostic Monitor, under which the externai diagnostic routines 
are run, also provides a high-level, interpretive language with 
which to create online command sequences quickly. (Refer to the 
3910 User's Guide For 1900 Diagnostics Manual, PN 9613.) An ANSI 
Fortran (X3.9-1966) source code ~quivalent of the 1900 Diagnostic 
Monitor and routine library is also available for installation. 
This option allows testing of the entire interface from the host 
system to the 2920 MTS. (Refer to the 1900 Fo~trah Monitor 
Manual, PN 9646.) 

Some of the information in the rest of this chapter is unique to 
50 IPS, 100 IPS, StorageTeK Standard Interface, or Industry 
Standard Interface. This is indicated in the text or tables where 
applicable. 

11.1.1 Test Initiation 

The internal diagnostic pacKage provides several options in the 
execution of diagnostic library routines. The following panel key 
sequences are used to implement these options: 

Complete intern~l package: 
I nd i vi d u a 1 t est : 
Test run modification: 

<ENTER DIAG>, 10,<ENTER) 
<ENTER DIAG),id,<ENTER) 
<ENTER DIAG>, n,<ENTER> 

Continue: 
Loop: 

Bypass Error: 

n = 5 
6 
7 

Note that the test run modification entry is to be 
the individual test entry to which that option 
Options can be combined but cannot be applied 
Section 0 routine (maintenance routines). 
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11. 1.2 Status Buffers 

In many cases the fault code dictionary refers to the status 
buffers A, B, or C. Access to any of the 16 bytes contained in 
each buffer is obtained via the maintenance routine of matching 
10 (e.g., <ENTER OIAG>,B,<ENTER». Once entered, the 16 buffer 
bytes can be scrolled by repeatedly pressing <ENTER>. Pressing 
<ENTER> displays the buffer 10 and index (B1,B2 ... ); releasing 
<ENTER> displays the contents. The .index is presented in 
hexadecimal notation (as is all data displayed)· and wraps around 
upon reaching the last entry ( ... BE,BF,BO,B1 ... ). 

11.2 SECTION 0 - MAINTENANCE ROUTINES 

The maintenance routines have several functions. They are not in 
themselves intended to isolate hardware malfunctions, but they 
permit the operator do any of the following: 

• Exercise the machine in basic motion operating modes, 

• Select operating options for diagnostic routines, 

• Manually do some independent tests from the operator panel, 

• Retrieve status from memory registers for display on panel. 

These functions are tabulated in Table 11-1. 

The maintenance routines are initiated by entering the routine 10 
number at the diagnostic keypad. Refer to Chapter 2 for 
descriptions of the diagnostic keypad. The routines are 
individually described below in the order of their routine 
number. 

11.2.1 Forward Motion (00) 

The Forward Motion routine initiates forward tape motion in read 
mode. If subsystem density is to be selected, it must be done 
while the tape is positioned at BOT and prior to the initiation 
of this routine. Tape motion halts when EaT is detected or when 
the Reset Key is pressed. 

11.2.2 Backward Motion (01) 

The Backward Motion routine initiates backward tape motion in 
read mode. Subsystem density remains as indicated on the front 
panel. Tape motion halts when BOT is detected or when the Reset 
key is pressed. 
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Table 11-1. Maintenance Routines 

ROUiINE TYPE 
. ,., 

IIVlot lon KOUt 1 nes 

Diagnostics 
I Run t imp- Un t ions -- ~ • - - - - -.,...# -, - - -- -

Manual Operating 
Tests 

Status Display 

ROUTINE NAME 
.- . . I r-o~wara (VIOt lon 
Backward Motion 
Shoeshine Motion 
Start/Stop Motion 

ROUTINE 
.... .... uu 
01 
02 
03 

Maintenance Write OE 
Maintenance Write OF 

Speed Select Option 
...",-- - - .... -- - -r- - . _00 

I ('ont i nile nnt inn 
Loop Option 
Bypass Error Opt ion 

Keyboard/LED Driver 
Reel/Capstan Driver 

Status A D i sp 1 ay -
Status B Display 
Status C Display 

04 
nc; ...,.., 

06 
07 

08 
09 

OA 
OB 
OC 

11.2.3 Shoeshine Motion (02) 

10 

The Shoeshine Motion routine performs a continuously alternating 
forward/backward motion with the motion ·duration selectable at 
the front panel. This routine halts when EOT is detected in the 
forward direction, BOT is detected in the backward direction, or 
when the Reset key is pressed. The least significant display 
digit indicates the operating rate and direction as follows 
(pressing <ENTER> selects the next rate): 

Forward motion time 

2 sec 
1 sec 

500 ms 
250 ms 

11.2.4 Start/Stop Motion (03) 

Display Contents 

(@l2 1) 
(@l2 2) 
(@l2 3) 
(@l2 4) 

The Start/Stop Motion routine performs a start/stop-type motion 
with the start/stop rate and direction selectable at the front 
panel. This routine halts when EOT is detected in the forward 
direction, BOT is detected in the backward direction, or when the 
Reset key is pressed. The least significant display digit 
indicates the operating rate and direction as follows (pressing 
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<ENTER> selects the next rate): 

Motion/Sfop Time 
(each) 

500 ms 
250 ms 
125 ms 
63 ms 

11.2.5 Speed Select Option (04) 

Least Sig Digit of Display 
Forward BacKward 

( 1 ) 
( 2 ) 
( 3 ) 
( 4) 

(5 ) 
(6) 
( 7 ) 
( 8) 

This routine toggles the internal speed selection circuitry. If 
the subsystem was in the 50 IPS mode before the command was 
issued, the display will indicate the new mode of 100 IPS (@4 H) 
for approximately one half second before the display returns to 
idle (----). If the subsystem was in the 100 IPS mode before the 
command was issued, the display will indicate the new mode of 50 
IPS (@4 L). 

Speed mode change will occur whether or not tape is loaded. If 
the tape is loaded, the arm positions will change to the 
reference position appropriate to the newly selected mode. 

11.2.S Continue 'Option (05) 

The Continue Option routine sets the Continue option for a 
subsequent diagnostic run request. This modifies the monitor's 
handling of diagnostic termination, allowing execution to 
continue with the next entry in the internal test library rather 
than to the normal return-to-idle response (----). Execution 
terminates for anyone of the following conditions: 

1. An error is detected (unless Bypass Error option is set). 

2. The end of the internal test library is detected (unless the 
Loop option is set). 

3. The Reset Key is pressed. 

11.2.7 Loop Option (OS) 

The Loop Option routine sets the Loop option for a subsequent 
diagnostic run request (see Test 05 if used with the Continue 
option). If the Cont~nue option is not set, the Loop option will 
result in the repeated execution of the subsequently requested 
diagnostic routine. Execution terminates for anyone of the 
following conditions: 
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2. The Reset key is pressed. 

11.2.8 Bypass Error Option (07) 

The Bypass Error Option routine sets the Bypass Error option for 
a subsequent test run request. This option is only valid if 
issued with a Continue or Loop Option (Tests 05 and 06). 

11.2.9 Keyboard/LED Driver (08) 

The Keyboard/LED Driver routine sampl~s the keyboard input (ASCII 
data) and copies the data to all four digits of the display. 
Pressing the Reset key terminates the routine; holding the key 
down causes every other LED on the front panel to illuminate. 
When the key is released, these LEOs extinguish and the remaining 
LEDs illuminate. This permits the operator to verify independent 
functioning of all panel indicators. 

11.2.10 Reel/Capstan Driver (09) 

The Reel/Capstan Driver routine qrives the reels 
. var i ous modes se 1 ectab 1 eat the front pane 1 . The 

displayed as the least significant digit on the 
Initially, Mode 0, all servos are nulled. Each 
pressed, the mode number seen in the display is 
appropriate motion occurs as defined below: 

Mode 0: Servo drivers nulled 

and caps tan. in 
mode number is 
panel display. 

time <ENTER> is 
bumped.and the 

1: Capstan forward, uP control (approx 25 ips), low gain 
2: Capstan forward, uP control (approx 25 ips), high gain 
3: Capstan forward, velocity control (50 ips), high gain 

4: Capstan backward, uP control (approx 25 ips); low gain 
5: Capstan backward, uP control (approx 25 ips), high gain 
6: Capstan backward, velocity control (50 ips), high gain 

7: Machine reel forward, thread mode 
8: Machine reel backward, thread mode 
9: Machine reel forward, current mode 
A: Machine reel backward, current mode 

B: File reel forward, thread mode 
C: File reel backward, thread mode 
0: File reel forward, current mode 
E: File reel backward, current mode 

The routine repeats this sequence upon reaching the last entry. 
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Pressing the Reset key terminates the routine. 

11.2.11 Status A Display (OA) 

The Status A Display routine allows the display of the 16 bytes 
in status area A. While <ENTER> is pressed, the index to the 
status bytes (AO,Al, ... ) is displayed in the first two display 
digits; when released, the content of that location is displayed 
in the last two-digits. Upon reaching the last byte, the sequence 
is repeated ( ... AE,AF,AO,A1, ... ). The panel is returned to idle 
by pressing the Reset key or <CLEAR>. 

The last location examined is remembered, and can be accessed 
using <DIS~ ADDR> or <ENTER PROBE> without an address entry. 

1-1.2.12 Status 8 Display (08) 

The Status B Display routine displays the contents of the status 
area B (see Test OA). 

11.2.13 Status C D.isplay (DC) 

The Status C Display routine displays the contents of status area 
C (s ee T est 0 A ) • 

11.2.14 Maintenance Write (DE) 

This Maintenance Write routine erases all tracks and writes one 
track as selected at the front panel. Ini tial1y all tracks are 
erased by setting all diagnostic dead track bits, thereby 
disallowing write trigger transitions (an X is displayed in the 
least significant display digit). <ENTER> may then be used to 
select the writing of one track only and the track number (0-7,P) 
is displayed. The track selections repeat upon reaching track P. 
Pressing the Reset key terminates the routine. 

Note that the density in which the tape is to be written must be 
selected at BOT (use the Density key) prior to initiating this 
routine. If PE densi ty is selected, the track wri tten wi 11 
contain the all-ONEs frequency appropriate for PE density. If 
GCR is selected, two frequencies will be written: the higher 
frequency representing the all-ONEs data rate, and the lower 
representing the minimum frequency allowed in GCR recording 
(one-third the all-ONEs rate). This featur~ is provided for 
dynamic range measurement of the read channel. 
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11.2.15 Maintenance Write (OF) 

This Maintenance Write routine writes in all tracks or allows the 
selection of one track to be erased. Initially all tracks are 
written by resetting all. diagnostic dead track bits, thereby 
allowing write trigger transitions (an X is displayed in· the 
least significant display digit). <~NTER> may then be used to 
select the erasure of one track only and the track number (0-7,P) 
is displayed. The track selections repeat Upon reaching track P. 
Pressing the Reset key terminates the routine. 

11.3 INTERNAL DIAGNOSTICS 

The internal diagnostics are a set of routines (Table 11-2), each 
executable by specifying a program 10 at the diagnostic keypad. 
The internal diagnostics are arranged numerically so that if they 
are run in sequence, they will test the subsystem from the 
microprocessor and RAM outward to the drive. These routines are 
divided into four sections: power-up, formatter, transport, and 
read/write tests. 

11.3.1 Section 1 - Power-Up Tests 

The power-up te?ts are automatically executed whenever power is 
applied to the subsystem or they can be run individually from the 
diagnostic keypad by entering the test 10 number when the panel 
is idle. These routines ensure basic operation of the 
microprocessor and control logic of the subsystem which includes 
the testing of memory (RAM and PROM checksum), counter/timers, 
interrupt hardware, stuck keyboard conditions, servo control 
register loop back, status from the data path and write cards, 
and swing-arm motions. Errors that occur during power-up will 
display a three-digit hexadecimal fault code and flash a machine 
check ·indication. This condition will prevent further subsystem 
operation until the Reset key is pressed. Errors that occur 
following the manual initiation of an internal diagnostic test 
will also display a fault code but will not flash a machine check 
indication or prevent placing the subsystem online. 
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Table 11-2. Internal Diagnostics 
(Sheet 1 of 2) 

TEST TYPE 

Section 1 - Power-up 

Section 2 - Formatter 

Section 3 - Transport 

Section 4 - Read/Write, 
50 IPS 

TEST NAME 

Test Package Initiator 
Memory/PROM Checksum 
IF Test 1 

TEST 10 

1"0 
12 
13 

IF Test 2 14 
Keyboard Status 15 
Cache/IF Interface Test 16 
Cache Internal Test 17 
Servo-LSI Register Loop 18 

Data Path Status 1B 
Write Card Status 10 
Release/Retract Swing Arms 1F 

PE Basic LWR 
PE LWR Velocity 
GCR Basic LWR 

22 
23 
24 

-GCR LWR Velocity 25 
PE LWR, One Track Dead 26 
GCR LWR, One Track Dead 27 

PE LWR, Two Tracks Dead 28 
GCR LWR, Two Tracks Dead 29 
PE Basic LWR, 100 IPS 2C 
GCR Basic LWR, 100 IPS 2E 

Unload/Load 
Drive Basic Motion, 50 IPS 
Dr i ve Bas i c Mot ion, 100 IPS 
Drive Rewind 

PE Amplitude Sensor 

GCR Amplitude Sensor 

PE Write Records 
PE Read Forward 
PE Read Backward 
PE Positioning 

GCR Write Records 
GCR Read Forward 
GCR Read Backward 
GCR Positioning 

32 
34 
35 
36 

42 

43 

48 
49 
4A 
4B 

4C 
-40 
4E 
4F 
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Table 11-2. Internal Diagnostics 
(Sheet 2 of 2) 

TEST TYPE I 
Section 5 - Read/Write, I 

100 IPS 

Sect ion 6 - Cache 

TEST NAME 

PE Amplitude Sensor 

GCR Amplitude Sensor 

PE Write Records 
PE Read Forward 
PE Read BacKward 
PE Positioning 

GCR Write Records 
GCR Read Forward 
GCR Read Backward 
GCR Positioning 

Cache Buffer Extended 
Memory Test 
Early EaT Test 

11.301.1 TEST PACKAGE INITIATOR (10) 

TEST 10 

52 

53 

58 
59 
5A 
5B 

5C 
50 
5E 
5F 

62 
64 

The Test PacKage Initiator routine sets the Continue option and 
returns the subsystem to the monitor. Testing begins with Test 
12 and continues until its completion or an error is detected. 

11.3.1.2 MEMORY/PROM CHECKSUM (12) 

The Memory/PROM Checksum test checks all of memory (RAM and 
PROM). RAM is tested (both the diagnostic loop write-to-read 
buffer and functional memory) for its ability to write, read, 
write complement, and read with a demanding l80 instruction 
sequence. The PROMs are read and the checksums verified. 

11 .3. 1 . 3 IF TEST 1 (13 ) 

The testing performed by this routine depends in the type of 
interface card installed; StorageTek or Industry Standards. The 
tests are described in the following paragraphs. 

11.3.1.3.1 Routine 13 for StorageTek Interface Card 

This routine checks all three counters (8253) for their 
down-count ability through the entire 16-bit count range. A 
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terminal. count pulse is expected at the interrupt controller 
(8259) for each counter in a fixed sequence following a fixed 
delay. 

11.3.1.3.2 Routine 13 for Industry Standard Interface Card 

This routine checks counter functions and interrupts generation 
of the MK3801 by preloading the three counters with independent 
values and ensuring a similar sequence of interrupts. 

11.3.1.4 IF TEST 2 (14) 

The testing performed by this routine depends in the type of 
interface card installed; StorageTek or Industry Standards. The 
tests are described in the following paragraphs. 

11.3.1.4.1 Routine 14 for StorageTek Interface Card 

This routine checks that all counter-related interrupts are 
functional. Counters 0, 1, and 2 are set for delays of 200, 
400, and 600 microseconds, respectively. When the interrupts are 
received by the handler, a bit corresponding to' the one received 
is set in a processor register, allowing verification of the 
sequence of inter~upts received. 

11.3.1.4.2 Routine 14 for Industry Standard Interface Card 

This routine checks the read/write memory registers for 
independent functions. These registers are located in memory 
addresses INSTATA, INSTATB, INSTATC, INTCLR and OIAGSTAT. 

11.3.1.5 KEYBOARD STATUS (15) 

This Keyboard Status test ensures that there are no stuck-active 
conditions in the keyboard control and status registers .. All row 
selects (0 through 4) are individually activated and status 
KBOATA is read to check the column-depressed response. An error 
will be displayed if more than one key is indicated as being 
active. 

11.3.1.6 CACHE/IF CARD COMMUNICATIONS (16) 

This routine tests the command, status and data lines between the 
IF card and the Cache Buffer card. The Cache card sends a OMS 
followed by a NOP to the IF card. The IF card sets up the status 
lines as specified in the 2920 Product Specification. The cache 
card continues sending NOPs to the IF card until all the status 
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lines are tested. The IF card then goes into the command wrap 
phase, wrapping the command lines from the cache card back to the 
DTR. After all of the command lines have been tested, the cache 
card initiates the IF card's Write No Motion and Read No Motion 
tests. 

11.3.1.7 CACHE CARD INTERNAL TEST (17) 

The Cache Card Internal routine tests the data path, timer and 
the memory on the Cache Card. The test starts by testing the 
Cache Cardls microprocessor scratch memory, then the PROMs are 
read and their check-sums verified. The test then verifies that 

I the Cache Buffer l s timer times out in the requested time. Next 
the Cache memory is written and verified, including the stop and 
parity bits. The memory test pattern is then reversed to test 
all bits in both high and low polarity. (Cache memory is also 
tested in routine 62.) After this memory is tested, the Early 
EOT counters are tested. (Early EDT is further tested in routine 
64.) The CRC circuitry is tested last by writing test patterns 
to cache memory and reading them back while checki~g correct CRC 
status. The CRC is further tested by altering one byte in the 
test pattern, thus forcing a CRC error when the test patttern is 
read back. 

11.3.1.8 SERVO-LSI REGISTE~ LOOP (18) 

The Servo-LSI Register Loop routine tests the loopable paths 
through the XRS and XCS chips including the capstan position 
counter PCREAD, capstan velocity register VR, and both swing arm 
position counters READMPOS, READFPOS. All registers are loaded 
with walking ONEs and ZEROs such that independent functioning of 
these addresses can be verified. 

11.3.1.9 DATA PATH STATUS (18) 

The Data Path Status routine checks that proper status is seen 
from the data path card following resets in both PE and GCR 
modes. Status is examined in DP card Registers DTREG through 
AMPSREG. 

11.3.1.10 WRITE CARD STATUS (lD) 

The Write Card Status routine enables each sensor individually 
and when the associated control lines are disabled, the following 

·conditions are expected in the sensor status register (SENSORS): 

95521 

1. EDT, BOT, and Leader Status must be off 

2. File Protect must be asserted 
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3. Tape Present is.a don't care (due to the possibility of 
tape in the thread path) 

Also, Sensor Error must never be asserted as this indicates 
detection of an impossible combination by the WR write card 
(e.g., LED off but detector active). 

This routine also ensures resetting write/erase currents. Write 
Current Active is tested by the first write test (42) in the 
diagnostic pacKage. 

11.3.1.11 RELEASE/RETRACT SWING ARMS (IF) 

The Release/Retract Swing Arms routine drives the swing arms to 
the extent of their travel. The swing arms are first driven to 
their extended position and then .returned to retracted 
position. During the retract motion, proper. phasing of the 
motion tachs is checKed. A software count representing the 
distance travelled is expected to match that detected by the 
position counters of the SV servo card XRS chip. (If tape is 
detected in the thread path, all count compares are bypassed. 

11.3.2 Section 2 - Formatter Tests 

The formatter tests ensure proper dat"a path operation by 
simulating record writing in a loop write-to-read mode. No tape 
motion takes place in these tests; they may be executeds in a 
tape loaded or unloaded state. 

11.3.2.1 PE BASIC LOOP WRITE-TO-READ, 50 IPS (22) 

The PE Basic Loop Write-to-Read (LWR) routine is the initial test 
of the subsystem's PE loop write-to-read capability. This 
routine sets the subsystem to the PE mode and simulates records 
of selected data and byte counts. 

The first six patterns (all-ONEs, all-ZEROs, AA-55, 55-AA, 
walking ZERO bit, and walking ONE bit) are written as short 
records (five to eight bytes). In each of these cases, data is 
retained in the read path for subsequent data comparison. These 
pattern and length combinations result in the transfer of 1128 
bytes in 144 records. 

The next eight records are written as long records (one to eight 
kilobytes). For these records, a 32-byte data pattern is repeated 
up to the desired length (based on time) and then STOP 1S 

asserted to the DP data path card. When the data path indicates 
completion, status is used to indicate data integrity. 
Approximately 36 kilobytes are transferred in the eight records. 
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These transfers involve the IF processor card, DP data path card, 
and RD read card. No errors are forced by this test so that the 
occurrence of an error will result in a fault code. 

11.3.2.2 PE LWR VELOCITY (23) 

The.PE LWR Velocity routine verifies the velocity error detection 
thresholds normally enabled during PE writes. A capstan tach 
will be approximately 20 tach periods in length. The velocity 
checK circuitry counts the number of VCO pulses received from the 
RD card for each tach period. Four records will be used to 
simulate 50 IPS velocity errors of +12.5%, +5.6%, -8.2%, and 
-11,7%. Of these, the first and last records will exceed the 10% 
threshold and a Velocity Check is expected. 

11.3.2.3 GCR BASIC LOOP WRITE-TO-READ, 50 IPS (24) 

The GCR - Basic Loop Write-to-Read (LWR) routine is the initial 
test of the subsystem's GCR loop write-to-read abiiity. InlS 
routine sets the subsystem to GCR mode and simulates records of 
selected data and byte counts. 

The first six patterns (all ONEs, all ZEROs, AA-55, 55-AA, 
walking ZERO bit, and walKing ONE bit) are written as short 
records (one to six bytes). In each of these cases, data is 
retained in the read path for subsequent data comparison. The~e 
pattern and length combinations result in the transfer of 660 
bytes in 120 records. 

The next eight records are written as long records (one to eight 
bytes). For these records, a 32-byte data pattern is repeated up 
to the desired length (based on time) and then STOP is asserted 
to the data path card. When the data path indicates completion, 
status is used to indicate data integrity. Approximately 36 
Kilobytes are transferred in the eight records. 

These transfers involve the IF processor card, DP data path card, 
and RD read card. No errors are forced by this by this test so 
that the occurrence of an error will result in a fault code. 

11e3.2.4 GCR LWR VELOCITY (25) 

The GCR LWR Velocity routine verifies the velocity error 
detection thresholds normally enabled during GCR write 
operations. A capstan tach is diagnostically simulated during the 
writing of reco~ds approximately 20 tach periods in length. The 
velocity checK circuitry counts the number of VCO pulses received 
from the RD card for each tach period. Four records will be used 
to simulate 50 IPS ve10city errors of +12.5%, +5.6%, -8.2%, and 
-11.7%. Of these records, the first and last records will exceed 
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the 10% threshold and a Velocity Check is expected. 

11.3.2.5 PE LWR, ONE TRACK DEAD (26) 

The PE LWR, One Track Dead routine tests the error detection and 
correction ability of the PE loop write-to-read function. 
Sixty-four short records and eight long records are written with 
a test track forced inactive. Track 0 is the initial test track, 
shifting up to track P with each successful completion of the 72 
records. 

The short records use the walking ZERO bit pattern with a length 
of six bytes. Corrected data is compared to the write buffer upon 
readback. For the short records, dead tracking is performed 
throughout from preamble through postamble. This procedures tests 
the hardware's ability to recognize a late ready track .. 

The long records are identical to those used in Test 
lengths from one to eight kilobytes. Dead tracking 
approximately halfway through the preamble ensuring 
latch" and testing early track ready indications. 

Only correction status 
tracK-in-error situations. 

is expected 

11.3.2.6 GCR LWR, ONE TRACK DEAD (27) 

for these 

22 wi th 
starts 

"record 

single 

The GCR LWR, One Track Dead routine tests the error detection and 
correction ability of the GCR loop write-to-read function. 
Forty-eight short records and eight long records are written with 
a test tracK forced inactive. TracK 0 is the initial test tracK, 
shifting up to tracK P with each successful completion of the 56 
records. 

The short records use the walKing ZERO bit pattern with a length 
of eight bytes. Corrected data is compared to the write buffer 
upon readbacK. For the short records, dead tracKing is performed 
throughout from preamble through postamble. This procedures tests 
the hardware's ability to recognize a late ready tracK. 

The long records are identical to those used in Test 
lengths from one to eight Kilobytes. Dead tracKing 
approximately halfway through the preamble ensuring 
latch" and testing early tracK ready indications. 

22 wi th 
starts 

"record 

Only correction status is expected from the data path card (DP) 
for these single tracK-in-error situations. 
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11.3Q2.7 PE LWR, TWO TRACKS DEAD (28) 

The PE LWR, Two Tracks Dead routine checks that two tracks in 
error are identified and that an uncorrectable record is flagged. 
The test procedure is as described for Test 26 except that the 
dead tracking is performed on all 36 permutations of two tracks 
from a and 1 to 7 and P. This procedure results in" the transfer 
of 18,432 bytes in 2,403 short records and 1296 Kilobytes in 288 
long records. 

This test expects the following status from the data path card: 
Uncorrectable, Partial Record, Multi-track Error, and End Data 
ChecK. 

11.3.2.8 GCR, LWR, TWO TRACKS DEAD (29) 

This routine checks that two GCR tracks in error are identified 
and that data correction is performed. The test procedure is as 
described for test 27 except that the dead-tracking is performed 
on all 36 permutations of two tracKs from a and 1 to 7 and p. 
This results in the transfer of 10,368 bytes in 1728 short 
records and 1296K bytes in 288 long records. This test expects 
Multi TracK error status from the data path (DP) card. 

11 .3.2.9 PE BASIC LWR, 100 IPS (2C) 

This routine switches the subsystem to 100 IPS mode, then 
performs tests as in Routine 22. 

11.3.2.10 GCR BASIC LWR, 100 IPS (2E) 

This routine switches the subsystem to 100 IPS mode, then 
performs tests as in Routine 24. 

11.3.3 Section 3 - Transport Tests 

Once the formatter has been checked, the diagnostic routines test 
the tape transport. The transport tests ensure proper servo 
operation, tape handling during a load operation, motion control, 
and high-speed rewind functions. 

11.3.3.1 UNLOAD/LOAD (32) 

The Unload/Load rout.ine tests the reel and capstan servos by 
cycling through an unload/load sequence. Testing takes place 
primarily quring the load sequence as the unload phase is not 
guaranteed to occur. The capstan is cycled through a forward and 
bacKward ramp and the tach examined for phasing through a 
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complete revolution. The reel servos are driven in both current 
and voltage feedback modes and the proper response is expected of 
the pump up/down drive signals. The drive will complete the 
thread sequence and stop just after the swing arms are in 
servoing positton. 

Note that this routine interrupts the normal rewind-to-BDT 
procedure so that Test 34 can diagnose any ramp problems. This 
means that the sizing of the file reel and the initialization of 
the adaptive motion variables are not yet complete. These will 
occur upon completion of the next rewind, whether it be commanded 
offline from the panel, online from the interface, or a result of 
the continuation of this test package (Test 36). 

11.3.3.2 DRIVE BASIC MOTION, 50 IPS(34) 

The Drive Basic Motion routine performs the first test of loaded 
drive motion in the diagnostic package. The drive's start/stop 
characteristics are analyzed by allowing the functional code to 
control motions with the normal interrupts (250 us capstan 
acceleration/deceleration; 1 ms capstan at veloci ty; 10 ms reel 
control). This routine monitors the result of the functional 
code control: that capstan position error limits are not 
exceeded during the ramps, that swing arm position feedback for 
the reel servo is within a certain range (isolating tape slip 
problems), and that .cap~tan velocity is correct during sustained 
mot ion. 

11.3.3.3 DRIVE BASIC MOTION p 100 IPS (35) 

This routine test for 100 IPS start/stop characteristics, 
analyzes characteristics of ramp error, instantaneous velocity 
error, and stop lock positioning. 

11.3.3.4 DRIVE REWIND (36) 

The Drive Rewind routine tests the performance of the functional 
rewind task. Following a 125-foot forward motion (providing that 
EDT is not detected), a rewind is initiated. A ramp up to a 
minimum of 175 ips is expected. This only verifies that initial 
ramp up can be completed without excessive reel error but not 
that the nominal rewind speed of 220 ips can be attained. 

11.3.4 Section 4 (50 IPS) and Section 5 (100 IPS) - R/W Tests 

The Read/Write Tests check the subsystem read/write electronics. 
Data transfer from the data path card, read backward/forward 
operations, and tape positioning (PE and GCR) are verified by 
these tes t s .. 
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11.3.4.1 PE AMPLITUDE SENSOR (42=50 IPS, 52=100 IPS) 

The PE Amplitude Sensor routine is the first test of the 
subsystem read/write electronics. Write Current Status is 
verified before any motion occurs (the drive must be write 
enabled). This routine checks amplitude sensor response by 
writing (in PE density) an all-ONEs pattern on all tracks (using 
the Write ARA command). Verification of over 30 feet of tape 
will isolate bad tape as a failure mechanism. The individual 
functioning of all amp sensors is then tested by using the 
diagnostic dead-track control to write one-track-at-a-time and 
all-but-one-track combinations (nine times each). Finally, gross 
write-to-read feedthrough problems are detected by toggling write 
triggers with tape motion halted. 

11.3.4.2 GCR AMPLITUDE SENSOR (43=50 IPS, 53=100 IPS) 

The GCR Amplitude Sensor routine is identical to that of Test 42 
except that the subsystem is placed in GCR mode. This requires 
the generation of the proper write current levels by the WR write 
card and amp sensor threshold selection by theRD read card. 

11.3.4.3 PE WRI~E RECORDS (48=50 IPS, 58=100 IPS) 

The PE Write Records routine performs the first formatted PE 
write test of the test package. As the DP data path card has 
been verified by the loop write-to-read tests, this routine 
detects and isolates faults in the WR write card, RD read card, 
and read/write head. If any velocity errors occur, both the DP 
data path card and the SV servo card will be indicated, 

256 records are written (16 groups separated by tape marks). 
Each record contains data representing its tape position. Any 
reject or machine check that occurs during the writing of a 
record will be displayed. 

11.3.4.4 PE READ FORWARD (49=50 IPS, 59=100 IPS) 

The PE Read Forward routine isolates read failures associated 
with "the RD read card and the read/write head since data transfer 
from the data path card has been tested with the loop 
write-to-read tests. Following a rewind, the records written by 
Test 48 are read forward and the data verified. Any reject or 
machine check that occurs during the writing of a record will be 

"displayed. 
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11.3.4.5 PE READ BACKWARD (4A=50 IPS, 5A=100 IPS) 

The PE Read BacKward routine verifies read bacKward operations 
using the tape formatted by T~st 48. After positioning on the 
BOT side of the logical end-of-tape (two tape marks), the 256 
records are read backward and the data verified. Any reject or 
machine check that occurs during the reading.of a record will be 
displayed. 

11.3.4.6 PE POSITIONING (48=50 IPS, 58=100 IPS) 

The PE Positioning routine tests the positioning commands 
(Forward Space File, Backward Space File, Backspace A Block, and 
Forward Space A Block). Various combinations of these commands 
are issued expecting the tape formatted by Test 48. Tape 
position is verified by the data read from the records. 

110304.7 GCR WRITE RECORDS (4C=50 IPS, 5B=100 IPS) 

The GCR Write Records routine performs the first formatted GCR 
wr i te of the tes t package. Fa i 1 ures de tec ted by th is tes tare 
now limited to the WR write card, RD read card, and the 
read/write head. 

256 records are written (16 .groups separated by tape marks). 
Each record contains data representing its tape position. Any 
reject or machine check that occurs during the writing of a 
record will be displayed. 

1103.4.8 GCR READ FORWARD (40=50 IPS, 50=100 IPS) 

The GCR Read Forward routine isolates read failures associated 
with the RD read card and the read/write head since· the data 
transfer from the data path has been tested by the loop 
wr i te- to-read tes ts. Fo llowi ng a rewi nd, the records wr it ten by 
Test 4C are read forward and the da~a verified. Any reject or 
machine checK that occurs during the writing of a record will be 
displayed at operator panel. 

11~3.4.9 GCR READ BACKWARD (4E=50 IPS, 5E=100 IPS) 

The GCR Read Backward routine verifies read backward operations 
using the tape formatted by Test 4C. After positioning on the 
BOT side of the logical end-of-tape (two tape marks), the 256 
records are read backward and the data verified. Any reject or 
machine checK that occurs during the reading of a record will be 
displayed. 
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11.3.4.10 GCR POSITIONING (4F=50 IPS, 5F=100 IPS) 

The GCR Positioning routine tests the positioning commands 
(Forward Space File, BacKward Space File, BacKspace A BlocK, and 
Forward Space A BlocK). Various combinations of these commands 
are issued expecting the tape formatted by Test 4C. Position is 
verified by the data read from the records. 

11.3.5 Section 6 - Cache Buffer Tests 

The Cache Buffer Diagnostics perform the longer tests for the 
Cache Buffer. card. Cache Memory and Early EOT circuitry are 
verified by these tests. 

11.3.5.1 CACHE BUFFER EXTENDED MEMORY TEST (62) 

I This routine tests the cache memory more extensively than Routine 
. 17. 

11.3.5.2 EARLY EOT TEST (64) 

The Early EDT routine lets' tape move forward up to six 
revolutions, then·bacKward for up to four revolutions. While 
this test if being performed, forward and bacKward capstan pulses 
are looKed for. At the same time, forward and bacKward swing arm 
pulses are verified. (Routine 17 statically tested the Early EDT 
counters. ) 

11.4 EXTERNAL DIAGNOSTICS 

The External Diagnostics are supplied nn a floppy disKette with 
the standard 1900 diagnostic control monitor. The routine 
library consists of an interface verification test, an internal 
diagnostic initiator, and several online exerciser routines (PE 
and ·GCR) . 

Interface verification is performed by the internal manipulation 
of all status lines . following invocation by the 3910 Detached 
Diagnostic Device. The interface test sets the subsystem in a 
diagnostic mode which allows the independent activation of each 
standard interface line. The 3910 verifies that all status line 
transitions occur. With satisfactory communication ensured, 
internal diagnostics can be initiated and the test results 
obtained. All subsystem fault isolation is performed by the 
internal diagnostics. The remaining online 3910 routines are not 
intended to isolate any fault conditions within the subsystem, 
but only to provide a figure of mer; t for s.ubsystem performance. 
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APPENDIX A 

SPECIAL TEST ·EQUiPfv1Ei\iT, TOOLS, AND SUPPLiES. 

This appendix lists the special test equipment, special tools, 
and supplies required to maintain the MTS. The part numbers 
provided are Storage Technology part numbers unless otherwise 
specified. 

I ,. "1"" I. 
I J.1t:.M 

Cleaning Kit 
includes: 

Hub/Transport Cleaner Fluid 
Lint-free Cloth 

I Foam-Tipped Swabs 
Diagnost~c Floppy 

Wrist Strap 

Master Skew Tape (600 ft.) 

Master Skew Tape (1200 ft.) 

Master Output Tape 

Tape Developer (Magna-See) 

Jeweler's Loupe 
(optional) 

Torque Screwdriver 
Torx T15 for #6 screws 
Torx T25 for #10 screws 
Torx T30 for 114M screws 
Torx key for #6 screws 
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PARi NUMBER I FUNCTION 

6164 

402626502 
6168 

11698 
4038428 

24000027 

403802201 

403802202 

401202102 

4583 

Bauch&Loni:> 
81-34-35 

403443401 
403443501 
403443601 
403443701 

Tape path cleaning 

2920/3910 External 
Diagnostic Package 

Circuit card 
hand 1 i ng 

Read/write head 
a 1 ;gnment 

Read/write head 
alignment 

Read.amplitude 
check 

Bit position check 

Bit position check 

Screw remova 1 

A-l 



(INTENTIONALLY LEFT BLANK) 

A-2 95521 



APPENDIX B 

DATA FORMATS 

B. 1 INTRODUCTION 

The MTS is capable of formatting and deformatting data in both PE 
and GCR recording modes. This appendix describes how each 
recording mode is formatted. 

B2 PHASE ENCODED (PE) OPERATION (1600 BPI) 

ANSI Compatibility. The MTS writes and reads half-inch magnetic 
tapes in phase-encoded recording mode as specified by ANSI 
x3.39-1973. 

Recorded Format. The PE recorded format is as shown in Figure 
B-1 Record; ng. dens i ty is 1600 bi ts per inch (nomi na 1 ) . 

BlocK Length. The MTS does not control or limit the number of 
data characters within a block or record except to disallow the 
writing of data blocks containing no data characters. The USER 
has control over blocK· size and may exceed. the ANSI-specified 
maximum and minumum values. Minimum blocK size is one byte. 

MaximUm Interblock Gap (lBG). The USER may generate extended 
length lBGs by issuing multiple Erase Gap (ERG) commands. The 
USER should avoid generating gaps in excess of the ANSI-specified 
maximum of 25 feet (7.62 meters). When reading, detection of an 
erase section in excess of 25 feet causes Empty Tape Error to be 
set. 

End of Recording Area. The USER must control or limit operations 
beyond the EOT marker (end of recording area). 

Tape Mark BlocK. A tape mark will be read if sufficient 
characters in zone 2 with at least one tracK of zone 1 together 
with the erasure of zone 3 can be detected or zone 1 and erasure 
of zone 3. 
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A. Tape la ahown oxide aide up. 

B. Areaa ahown wlthoul recording, Including IBGa, are magnltlzed so thai 
Ihe rim end 0' Ihe tape la a norlh-seeklng pole. 

1. Denalty Idenllflcat/on Area· PE recording la Identllled bV an 10 bural of 
recording al Ihe BOT marker conslat/ng a. 1600 FCI on track .. and 
e,asure on In olher Iracks. Thla bural begins t.1 Inchea minimum 
before Ihe Iraliing edge a. Ihe BOT marker, cont/nuea pasl Ihe Iralling 
edge, ending II leasl 0.5 Inch be'ore the IIrsl block. 

2. Inillal Gap • The gap bel ween Ihe Iralling edge 0' the OOT marker and 
Ihe IIral recorded characler la 3 Inches minimum and 25 'eel maximum. 

3. Preamble· Preceding dala In each block, • preamble la wrillen 
conalallng 0' 41 characlera, 0' which Ihe flrsl 40 characlers conlaln 
ZERO blta 'allowed by I alngle character conlalnlng ONes In all Iracka. 

... Dall Block • ANSI apeclflea Ihls ahall can lain I minimum 0' 18 or I 
. maximum o. 2048 characlera. Aclual block length la under USER 

conlrol. 

Figure B-1. 

5. 

8. 

7. 

8. 

8. 

I 1 I 2 I 3 I \ 
ZONES REFERENCE 
IDENT EOGE 

Poslamble • Following dala In each block, I postamble Is writ len 
consisting a. 4. characle,. a. which the first character conlalns ONEs 
In all tracka followed bV 40 characters containing ZEROs In all tracks. 

Tape MarkJlnlerblock Gap • The lOG Immedlatelv preceedlng a tape 
mark .Ia 3.8 Inches long nomlnll. 

Tape Mark . The PE mark la written IS 64 to 256 flux reversals at 3200 
FCI In zone 2 (phvalca' trick a 2,5,8) and zone 1 (phvslcal tracks 1,4,1). 
Zone ,3 (phvslcal Iracks 3,6,9) Is DC erased. 

Inlerblock Gaps • 10Ga are 0.6 Inch nominal, 0.5 Inch minimum. 
Extended lenglh lOGs may be generated bV Ihe USER. 

End 0' Recording Area • The recording area atarta al Ihe leading edge 0' the EDT marker 

PE Tape Format 
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B.3 GROUP-CODED RECORDING (GCR) OPERATION (6250 BPI) 

ANSI Compatibility. The MTS writes and reads half-inch magnetic 
tapes in group-coded recording mode as specified by ANSI 
x3 . 54- 19j6 .. 

Recorded Format. The GCR recorded format is as shown in Figures 
B-2 and B-3. Recording density is 6250 bits per inch (nominal). 

Block Length. The MTS does not control or limit the number of 
data characters wi thin a blocK or record except to di s-a 1 low the 
writing of data blocks containing no data characters. The USER 
has cant 1"·0 1 over block size and may exceed the ANSI-specified 
maximum and min~~m values. Minimum block siZe is one byte. 

Maximum Interblock Gap (IBG). The USER may generate extended 
length IBGs by issuing multiple Erase Gap (ERG) commands. The 
USER should avoid generating gaps in excess of the ANSI-specified 
maximum of 15 feet. When reading, detection of an erase section 
in excess of 15 feet (4.572 meters) causes Empty Tape Error to be 
set. 

End of Recording Area. The USER must control or limit operations 
beyond the EDT marker (end of recording area). 

Tape Mark Block. A tape mark will be read if sufficient 
characters in zone 2 with at least one track of zone 1 together 
with the erasure of zone 3 can be detected or zone 1 and erasure 
of zone 3. 
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2. 

3. 

OA'AOlOCK-AnABuns, 

I'U~N IIF1CA liON ouns, I ~~~~T I H~~S I IAti I (lA I A fJlOCJl.1 1M InO I UA 1'00 I STK PHYSICAL 
0" TRACK 

IDENT IDENt 

I 

, 
.J 

,.-------1 
I BOT MARKER I l ________ J 

~--:-.:--::-"~0':.~ 

~·i~:~·~;~·~~~ 
~ ~~~,,-:-~.-::-","":''':''r ........................ ,.. __ ._.i.. 
--~~~: .. ~~ 
:....:...~:~ ... ::.,;£~~-M..:.....: 

I <V ~-{i)--I-(D-I---®·--I--@--I-~-®i 
1-----tQ)l--_ .... 

"1 2 131' 
ZONE REFERENCE 
IDEN' eOOE 

Tape Is shown oxlfte side up. 

Areas shown wlthoul recording, Including IBO'. are magnltlled so Iltal 
Ihe rim end al Ihe 'ape Is • norlh-seeklng pole. 

Identlflcallon Bursl - The OCR melhod Is Idenllfled !;IV a bursl 0' • 
recording al IhR BOT ma,ke,. The burs I Is In Ihe PE he'luellcy range 
(1600 BPI) on "8ck 6 and e'aaure on all olher hacks. The 10 bursl 
begins 1.1 Inches minimum be'ole Ihe hailing edge 01 BOT and 
conllnues pas I Ihe Iralllng edge 0' Ihe BOT marker. 

AnA Oursl - The ARA bursl enables Ihe capabllllv 0' wrilinp a/l Irar:les 
10 be verilled. II begins no sooner Ihan 1.5 Inches and no laler Ittan ".3 
Inches as measured hom Ihe leading edge 01 Ihe BOT rnslleer. 

ARA '1s' BUls' . Immedlatelv following Ihe 10 bUlst there Is an AnA 
Bursl (all ONEs In all ""cks) which Is separaled Irom Ih~ 10 BUlsl bV an 
undeUned gap It ends sooner Ihan 9.5 Inches and no laler Ihan 11.5 
Inches as measured from 'he leading edge 0' Ihe BOT malker. 

Figure B-2. 

4. 

5. 

® 

AnA '0 Bursl • ApPltnded 10 Ihe end 01 Ihe ARA "s' Bur~' Is an 10 
characler conslsllng 0' ONEI In tracks 2,3.5.6,8, and 9 ;I, .• ' ", .. sure In 
Iracks 1,4, and 7. Thl. ID characler Is approxlma'ely 2 Inches long. (A' 
leasl a conllgous 1/4·lnch lecllon 01 Ihls 2-lnch long burs. musl be 
error·hee In all tracks slmultanouslv). The,e I •• normal 100 between 
the AnA 10 characler and .he lI,sl dala block. 

Intel block Gapi . IBOI .r. 0.285 Inch rfllnlmum and 0.3 Inch nominal. 
btendod lenglh IBOs OlaV be genelated by .he USER. 

6. Data Block . See OCR Dal. Block Fo,mat lIIuslralion. 

7. 

8. 

Tape Mark Inlelblock Gap· The IBO Immedlatelv preceedlng a lape 
mark Is 3.3 Inches nominal. 

rape Mark . The OCR lape Rla,k Is wlillen as 250 to 400 UtlX revorsals 
" 9042 FCI In zone 2 (physical tracks 2,5,8) and zone 1 (physical Iracks 
1,4,7). Zone 3 (physical track. 3,6,9) Is DC erased. 

9. End 0' Recording Area . Thft end 0' the recording area starls " 'he 
leading edge 0' Ihe BOT marker. 

GCR Tape Format 

12096 



to 
U1 
U1 
I\.) 

OJ 
t 

U1 

:'. ::::: ' 

®® 

NOTE 

';.;:: 
: II 
:I{ ~ 

:: : o//oE ::;:' 
:: :: :,'I~ j:::,::, .. :::,.':.:,.:::",,: ' , " : ':,:,:,:,:""",:,,;:;*,:,:::,*,:,:: ::~:::~~1*'*?:~:::~':'::::: ; 

r:' , . :::::::::::::~::!:::::::::::::i:::::::: :::::::::::::*:::::::::::::::::::~:::: 
. .::::;:::.:" 

IICCCCCxE ItIIHHHHNE I 

I 

j 

. :~). 
; 0ryp : '::::' HIIIIHIHHNE ecca:CICE 
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-~-I-----t 6 )------1'----1 lOIl----I 

OAT A GROUPS ARE SHOWN PRIOR TO 8 CRC OR PAD CH~RACTER ~J..!ru ~Y.AJ..Uf.S 
ENCODING AND RECORDING. 0 0 Qi 0 I I 0 0 I 

C CYCLIC REDUNDANCY CHARACTER CCRC. 0 0 QI I 1 1 0 1 I 
0 OAT A CHARACTERS 0 0 1 0 I 0 0 I 0 

0 0 1 1 1 0 0 I I 
E ERROR CORRECTION CHARACTER ECC: 0 1 0 0 I 1 I 0 1 

0 1 0 1 1 0 1 0 1 
H PAD OR DATA Ct~ARACTER 0 1 1 0 1 0 1 1 0 
L LAST CHARACTER 0 1 I 1 I 0 1 1 1 

I 0 0 0 1 I 0 1 0 
N AUXILIARYCRC I 0 0 1 0 1 0 0 , 

I 0 1 0 0 1 0 1 0 
X RESIDUAL CHARACTEfl I 0 1 1 0 I 0 1 1 

I 1 0 0 1 I 1 , 0 
1 1 0 1 0 1 I 0 1 
I I 1 0 0 1 1 1 0 
1 1 1 1 0 1 1 1 1 

12091 

Ftgure B-3. GCR Data Block Format (Sheet 1 of 3). 



m 
I 

OJ 

(0 
(n 
01 
t.J 

fha lollowlng are not ..... Ihflt ".IJI~I" shoel , 01 Ihe IIglllft. These notes are 
numbfued '0 correspond with I"" nllmh ... " on the lIIustrllllon. 

P'I!Amhl. . Sixleen subgroups 01 five bvtes each. The auho.oll,,'!! 
Inlllll'. Ihe read circuits and avnchronlze Ihem. 

TermInator Control Subgroup· The dliiain Ihl' aubgroup p.ovldes '0' • 
long wav,. IA"Ulh Inr,,1 10 Ihe '''lid dotecllon Clrr.llltl!l. thlls e",""Ing 
hlOh I"vel I"JIIIII 1,,10 "'f' nhr.,,'" "I Ih .. lIoOI.",IIIU 01 ... ".,101"1101100. 
Thn. Inpul, In lurn ftnst". Ih., Ihe nead Dellllr.lo,~ .,e lurned ON 
befo,. Ihey a.e 'YIU:h.,."I7"d. 

The Te,mlnalo, Con hoi Sllh~.o"f' la one aal 01 nIne pa.allel 5 bit 5e,lal 
vllues 01 10101 In all tracks 10~Atf'd .1 Ih. ROT C!lnd 0' ellch block end 
lOlDL "t Ihe EOr eml of each block, whe,e l ulp,e5enla Ihe feseillng 
of thft 'asl characler Cwhlch festor.' the W.lte T.IUUe'l 10 the eras" 
,'ate). 

The Second Cnlthol SlIbg,oup • Thll II • p.rl 0' tlynr., 8wplalnrd bBI('w. 
Thft second Conlrol S,Ihg'ClUP CO"'lI!!I. 01 5 btl I",,,h.' vnhle!'! 0' 0111 t In 
all tracks for Ihe BOT end 0' Ihe block .nd "'10 lor Ihe EOT end of 
Ihe block. 

Svne Control Subgrollp . These .re 'ourteen 5·hyte luhgmups whtch 
Iynchrnn"" Iht' nn:vi n"I...,t'n". OSCillator. E.ch aubg'oup conslstl of 
a·blt aerial valuel 01 all ' •• ' In all Irack •. 

Mark • Contro' SUhg,oup • rhll .uhgroup me,h Ihll comIng of dllte. It 
enaures thlll Ihe hulfer counltlll a.e prope,Iy InUlliled so Ihe dill. 
being re.d la formalted In 1o Ihe correcl "byte gruops. Thll I. 
neceslll'Y 'or corrpel derorllno (relr"nslaUon frl1m five 10 lou, bit 
codlt!!t 01 t" .. dale which II belno rnad. The MI .. k I Control Subg'oup II 
0". lei ot 5 hit lellal valutl!'l 0' 001 t t on 1111 hacks. On bAckward 
0f1erallonl, the Ma,k I bnr:nmal the M,.,k :I Subg,oup. 

Oat. . Any rerOl"e" slletlon of Ihe tape which hll" only dala .nd Ih. 
ECC ,er.o.dprt on It Cno Control SubO'oups). The data Is lo.malted Into 
".OUpI end the grouptl .re divided Inlo tubo,nup". lhase dill. 
,uhglOllpl a.e Id8nlllled •• dall lubgroup A and dllia suhO'oup B. 
Data subg,oup A conslsls 0' fOUf dat. bvles before Iransll.llon (Ihe 
.Ioraoe g,ollP). The IItme Is lrue 'or dol. lubgroup B a_cep' Ihal It I. 
m"de "I' 0' Ih,ee byl,,! and one fCC CError Correction Charllcle,) 
before hanslAtlon. The Ece I, u"ed for dAI. correcUon. All dal. 
correction In OCR II done on Ih. fI·bvle dal. groups Cby'e " It the 
ECCt. 

Dal. V.I"fI"IRocord Vllluel . During oen .ecordlng, four blls hom 81ch 
'rack are Itanslatf!d 1010 the S bll code. Aile, ''''''!llatlon, the Sblt cod. 
II moved lerlally 10 the IU fa' feco.dlng. The dall) Ylllu88 lind r"cord 
vllues Ihow the bit pllllfl,nfl bA'o.e lind after hansh,tlon. OUflng 'IIad 
0Ju"allons, Ihlt ~ bit cod" III ,,,conye,ttld 10 the original 'our bits. ThuI, 
Ihe date tenl 10 cru I, In Itt original form. 

® 

@ 

0"1,, Suhornuf1 A conslsls 0' lour dill a hyles be'o •• ha .. "".lIon ,IhB 
IIo'''Il'' g,ollp). 

The SlIme Is "lie for fl.I" C;lIhg''lup R ewr:"r'I tt,,,t II Is "'It,'n liP 0' 
I",ee dAla bVlel aod one F.Cr. (Erro, C'''''IC'''ln CIUlIAr.'r.,. belc"'e 
lranslatlon. lhe ECC '1' ulled for dill It r:o., .. cll'lfI "" dltla corrpr:llon In 
ocn Is done on Ihe fI hyllt d.h. O".I,pS ,byte " I!II ,10" fCCt 

The,. may be no more Ihan l!Ie cootlOUO"1 dal. g'oups 10 • ,rco,d,." 
da'a block. " Ihllre It. mort Ihan I I 12 dRill byles Cbe'orll I""'~'ltllont 
In lin Incomlno ,ecord, resych.onb .. ,,"" I" necessa,y br.IOItt 11 .. , 
rllcordlng can be conUnuIId. 

nfl!ync Bu,sl . Thlt burel I. ust'd 10 resych,onlle Ihfl dal. 0' failing 
tracks, when I dala rot:ord I, longer Ihlln " '2 d"la bvles (before 
translatlont. See noles I!I through 8. 

Malk 2 COn',ol Subgroup. 'hi. ~I,bg'n.tlp mlllh Ihe ending n' rtal. and 
Ihe c«;,mlng 01 nonrtalll I"'o,.,,allon. 'he Mllr. 2 CO""'" ~IJhg.oup 
conslsls of one sel of ~ bit s",lal values of 1"00 on all ""rh. On 
backward ope,allonl, Ihe Mark 2 bp""I1I"s Ihe Mark I SuhO'oup. 

End Mltk Co,,"ol Subgroup. Thl, auhgroup warns 0' Ihe a"p.nllr:tt of 
111111 n~sldllal O~II'J O.Ollp, which Is defined 10 nole 14. 'he Fllrl ',4:1,11 
Control Subgroup conslsl' 0' one ,el of 5 bit se,lai vAhr,.s 0' II I lion 
all tracks. 

nER/cnc DAIa . This data Includes bolh "'11 n"siduail Dal" Il,oup lind 
tha cnc Oata Group .Ihesa group .'e dpsc,lt-ed In ootes t4 and I~I. 
These Iwo Droups are written at the end of I dala reco,d. 

nesldt'.1 DRIa GfOUp . Thlt group Is forme" wh"n Ihe'ft .," sill 0' I.,ss 
da'a byl"s ,emllnlng In I dill a record. If tI'" d,,'" hylos 'ernllln, Ihe 
seventh hyl. 0' the nesldulIl Dllia O,oup Is Ihe Auxiliary CRC 
Cha,acler Ca rial" validity check cha'lIc'e,. anrl hVle elghl I!I Ihe "';'~lIal 
ECC. II Ih"" are 'en Ihan she reslrlllllt rI"'1I byles, pad chBrllcl"'!I of 1111 
ZEnOS with correct parlly .re lidded 10 'he rI:tla oroup 10 pad It 1o sIx 
bytet. Thus, the !1esldu,,' O.la O,oup conslsls 0' Ih,. remlll"lng bytes, 
Ihe pad chalaclers, Ihe Amrllla", enc, Challtcl .. , .tI" .nd Ihe ECC (Et. 
CAli dala groups must heve elghl byles 10t .. 1 In OCR modl'l) 

. o,,'orft Ihls dala group Is written, the ene cha,acl", normally hRS Ottd 
parUV If If.!!.'." wa. In odd numhe, 0' dal. OfOU,.!I, and .,ven pa.ltv If 
Ihere Will an .. ",en number of data g'oup,. " Ih .. reco,d has an odd. 
number of d.la G'Oups, Ih. cnc characler Is even. Since an evltn p"lty 
byle Is nol allowed In a OCR Dal. Group, Ihe cnc ch"rar:te. mll!ll l'" 
made ndd. To accomplish Ihlt an addltlonlll plld byle consisting 0' all 
ZEnOs. and I parity bit COt Is Idd,," 10 Ihe record. Th., add ilion of Ihll 
byte CtlllnOftS Ihe numf,e, of bvles In Ihe cnc generallon lind ".ovlrtt'S 
an odd parltV enc cha'lIcler. 

Figure B-3. GCR Data Block Format (Sheet 2 of 3) 
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The neld five bytes of the cne Oat. Group are IdQnllcal cne 
characters. The addilional eRe characters serve to fill the CRe Data 
Group. alnce there Is no more dat. to be ,ead. 

Nexl In Ihe ene Oat. Group Is Ihe Residual Characte, (X). By deflnilion 
Ihls character Is usod ftS a record data countef. 8115 3·lI' aro Ihe mortule 
32 counter. These bUs are usod by SloragaJek In a proprietary manner. 
Blls 0·2 a,. usod as a module 1 count 0' lhe Residual Oala Group 
byles are dala. Tha module 7 cClunl 0' Ihe ResIdual chillrar-ter Indlcales 
how mallY dala bylos are 10 be relrlved hom Ihe Residual Dala G'OUJI. 

The Ece In thIs datil group, as In all othe, groups, Is used to vo.lfy the 
correctness 01 data In the group and 1o Isolale Iho efll)J, II any. during 
,ead operallons 'or dala correcllon. 

Poslambl •• The Poslamble Is the mlr.or Image of Ihe IPreamble (I)leepl 
lor Ihe lermlnalor control subgroup. In read backward operalhms, the 
Poslamble Is used the same way Ihe Preamble Is used! In read forward 
operallons. See the descrlpllon 01 Preftmble In notes I through •. 

Check Characters . Three eheck Characters are used Un the GCR tape 
formal: eRe (8), Auxiliary CRe (N), and EeC (E). 

The ene characters are used 1o verify data validity during wrlle and 
,ead back check operations. The ECC Is used to verify dala and 
validity. and for erro, Identlllcallon and correcllon during ,ead 
operations. 

Ftgure 8-3. GCR Data Block Format (Sheet 3 of 3) 
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APPENDIX C 

MEiv10RY A.LLOCATiON, STK STANDARD INTERFACE - 2921 

c. 1 MEMORY MAP 

0000 I 
1FFF 

2000 

3FFF 

4000 

5FFF 

SOOO 

7FFF 

8000 

8FFF 

9000 

9FFF 

AOOO 

AFFF 

BOOO 

FFFF 

95521 

PROM 1 (Functional) (OOOO-1FFF) 8K 

PROM 2 (Functional) (2000-3FFF) 8k 

PROM 3 (Diagnostics) (4000-5FFF) 8k 

Memory-Mapped lID (SOOO-7FFF) 8k 

Diagnostic RAM (8000-87FF) 2k 
The first 64 bytes (8000-803F) constitute 
the internal LWR buffer. 

Not Used 

Functional Ram (AOOO-A7FF) 2K 

Not Used 

Not Used 

C-l 



C.2 KEYBOARD/OP PANa REGISTER ALLOCATION 

Read Keyboard (0 = key depressed) KSDATA 

6010 
RIO I. I. CO 1 4 1 Co 1 3 Co 1 2 Co 1 1 Co 1 0 

C.3 DIAGNOSTIC REGISTER ALLOCATION 

6014 
RIO 

Diagnostic Status (lOG) 

Read Diagnostic Download Byte 

~n7 msb I,' .. 1

m 

.. , 1 

6050 
RIO 

6078 
RIO 

C-2 

Servo Diagnostic Status 

Tach Tach 
Phase Phase 

A S 
TACHA TACHS 

Diagnostic Sense (ISN) 

Diag Diag 
Swtch Swtch Buper Stop 

1 0 

Mach 
Pump 
Down 
MPD 

Trak 

OlAGSTAT 

Oiag Oiag Oiag 
Read Write Prty 
Done Done Error 
RDFlN WTFIN PRITY 

. - . -. 

DIAGDWNL 

DIAGSERV 

Mach File File 
Pump Pump Pump 

Up Down Up 
MPU FPD FPU 

DIAGSENS 

Diag Oiag Diag 
Sel Sel Sel 

2 1 0 

95521 



C.4 CAPSTAN CONTROL REGISTER ALLOCA TfON 

Read Position Count 

6025
1' I I I RIO msb I ,. ... I 

6027 
RIO 

Read Capstan Velocity 

msb 

C.S REEL CONTROL REGISTER ALLOCATION 

6034 
RIO 

6035 
RIO 

6036 
RIO 

6038 
RIO 

I 

95521 

Read Machine Position Count 

~b I I 
... 

I 
Read File Position Count 

msb I ... 
I I I 

Reel Status (RSS) 

Mach Mach Fi le Fi le Watch 
Phase Phase Phase Phase Dog 

B A B A EPa 
MPHSB MPHSA FPHSB FPHSA WDERR 

Read Thread Counter 

msb 

I I 

PCREAD 
1- I 
I lsb I 

VR 

lsb 

.. ~ - . - . _ •... - ---,_ .... _- -. 

READMPOS 

I 
. .. I lsb I 

READFPOS 

I 
. .. 

I lsb I 

SRVOSENS 

Loop Power 
Out Fail 
EPa EPa 
LOOPF PWRF 

THRDREAD 

lsb 

C-3 



C.S DATA PATH CARD REGISTER ALLOCATION 

6040 
RIO 

604"1 
RIO 

6042 
RIO 

6043 
RIO 

6044 
RIO 

6045 
RIO 

C-4 

Dead Track Register ( -) 

I ~~~~71 I I 
Data Path Status A (DSA) 

Write J)ncor Part Mult 
TM Error Rec Track 
Check Error 
WTMCK UNCOR PRTRC MTE 

Data Path Status S (OSS) 

Cmd 10 Read Write 
Rej Check Ovrfl Ovrfl 
REJ IDCHK ROVR WOVR 

Data Path Status C (DSC) , 

Over Data PE GCR 
Slock Ava i 1 10 10 
BLOCK DAVAIL PEID GCRID 

Phase Pointers 

I ~~!~~I 
Amp Sensors 

~:sel ... 
Trk 7 

Read End 
Corr Data 

Check 
RDCOR ENOCK 

CRC eRC 
C A 

CRCC CRCA 

TM 
Stat -OT P 
TMS NDTP 

DTREG 

I I 
( -) I Dead 

Trk 0 

DPSTATA 

Vlcty 
Check 

VELCK 

OPSTATS 

CRC Super 
CRC SUPER 

DPSTATC 

AS P PH P 
ASP PHASP 

PHASREG 

I ~~!~:I 
AMPSREG 

~:sel 
Trk 0 

95521 



C.7 WRITE DRIVER AND SENSOR REGISTER ALLOCATION 

6060 
RIO 

6061 
RIO 

Sensors (551) 

I I 
EDT BOT 

Current Monitor 

All Erase 
Trks Curr 

I w",t I On 
WRTALI ERS 

Tape Leadrl File I 
Prsnt Seen Prot 
TAPE LEADR fILEP 

(WMN) 

( - ) 
Wrt F 

c.s ·INTERFACE REGISTER ALLOCATION 

6077 
RIO 

95521 

Interface Command (ICM) 

Sys Addr Dens Dens 
Reset Match Sel Sel 
Latch 1 0 
SYSRS SELCT NRZI GCR 

Cmd 
Bit 

3 

Cmd Cmd 
Bit Bit 

2 1 

SENSORS 

Sensr 
Error 
ERROR 

CURRNTM 

Mach 
Arm 
Index 
MINDX 

INTFCMD 

Cmd 
Bit 

0 

C-5 
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APPENDIX D 

. ~JlE~v~ORY ALLOCA TION, STK STANDARD INTERFACE 

D.1 MEMORY MAP 

0000 

1FFF 

2000 

3FFF 

4000 

5FFF 

6000 

7FFF 

8000 

PROM 1 ( F unc tiona 1 ) 

PROM 2 (Functional) 

PROM 3 (Functional) 

Memory-Mapped I/O 

(0000-1FFF) Bk 

(2000-3FFF) 8k 

(4000-5FFF) Bk 

(SOOO-7FFF) 8k 

(8000-87FF) 2K Diagnostic RAM 
The first 64 bytes (BOOO-803F) constitute 

8FFF 

9000 

9FFF 

AOOO 

AFFF 

BOOO 

BFFF 

COOO 

DFFF 

EOOO 

FFFF 

95521 

the internal LWR buffer. 

Not Used 

Functional RAM 

Not Used 

PROM 4 (Diagnostic) 

PROM 5 (Diagnostic) 

(AOOO-A7FF) 2K 

(COOO-DFFF) Bk 

(EOOO-FFFF) 8k 

2922 

0-1 



D2 KEYBOARD/OP PANa REGISTER ALLOCATION 

Read Keyboard (0 = key depressed) KSDATA 

~ n° I· 1 Co 1 4 Co 1 3 Co 12 Co 11 Co 1 0 

D.3 DIAGNOSTIC REGISTER ALLOCATION 

6014 
RIO 

6017 
RIO 

6050 
RIO 

6078 
RIO 

0-2 

Diagnostic Status (lOG) 

Read Diagnostic Download Byte 

msb 

1 

. .. 1 ... 
1 

. .. 

Servo Oiagnostjc Status 

Tach Tach Mach 
Phase Phase Pump 

.~ B Down ;.. 

TACHA TACHS MPD 

Diagnostic Sense (ISN) 

Diag Diag 
Swtch Swtch Super Stop Trak 

1 0 

DIAGSTAT 

Diag Diag Diag 
Read Write Prty 
Done Done Error 
ROFIN WTFIN PRITY 

DIAGDWNL 

1 

. .. 
1 

lsb 1 

OIAGSERV 

Mach Fi le File 
Pump Pump Pump 

Up Down Up 
MPU FPD FPU 

DIAGSENS 

Diag Diag Diag 
Sel Sel Sel 

2 1 0 

95521 



D.4 CAPSTAN CONTROL REGISTER ALLOCATION 

Read Pc~ition Count 

I I . .. I· ... I 
6025 I ! 
RIO I msb I 

I . I 

Read Capstan Velocity-

~~~7 I msbl 
I I 

D.5 REEL CONTROL REGISTER ALLOCATION 

6034 
RIO 

Read Machine Position Count 

Read File Position Count 

~n5 ·1 msb 1 · ;. 1 ... I 

6036 
RIO 

6038 
RIO 

95521 

Reel Status (RSS) 

Mach Mach Fi le 
phase Phase Phase 

8 A 8 
MPHSB MPHSA FPHS8 

Read Thread Counter 

Fi le 
Phase 

A 
FPHSA 

Watch 
Dog 
EPO 
WDERR 

PCREAD 
, I 
I I 

lsb I 
VR 

lsb 

READMPOS 

READFPOS 

1 .. ·1 lsb I 

SRVOSENS . 

Loop Power 
Out Fa; 1 
EPO EPO 
LOOPF PWRF 

THRDREAD 

0-3 



0.6 DATA PATH CARD REGISTER ALLOCATION 

6040 
RIO 

6041 
RIO 

a042 
RIO 

6043 
RIO 

6044 
RIO 

6045 
RIO 

D-4 

Dead Track Register ( - ) 

[ ~~~~7[ [ [ 

Data Path Status A (DSA) 

Write Uncor Part Mult 
TM Error Rec Track 
Check Error 
WTMCK UNCOR PRTRC MTE 

Data Path Status B (OSB) 

Cmd 10 Read ·Wri te 
Rej Check Ovrfl Ovrfl 
REJ IDCHK ROVR WOVR 

Data Path Status C (OSC) 

Over Data PE GCR 
Block Avail 10 10 
BLOCK DAVAIL PEID GCRID 

Phase Pointers 

[ ~~!~~[ 
AI11J Sensors 

~:se[ 
Trk 7 

Read End 
Corr Data 

Check 
ROCOR ENDCK 

CRC CRC 
C A 

CRec CRCA 

TM 
Stat -OT P 
TMS NDTP 

DTREG 

( -) I Dead 
Trk 0 

DPSTATA 

Vlcty 
Check 

VELCK 

OPSTATB 

CRC Super 
CRC SUPER 

DPSTATC 

AS P PH P 
ASP PHASP 

PHASREG 

[ ~~!~:[ 
AMPSREG 

~:se[ 
Trk 0 
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. D.7 WRITE DRIVER AND SENSOR REGISTER ALLOCATION 

6060 
RIO 

I 
Sensors (551) 

I 
I 

EOT BOT 
Tape' Leadrl File I I 
Prsnt Seen Prot 
TAPE LEADR FILEP 

SENSORS 

I Sensrl 
Error 
ERROR 

Current Monitor (WMN) CURRNTM 

6061 (~) 
RIO Wrt F 

0.8 .INTERFACE REGISTER ALLOCATION 

6077 
RIO 

95521 

Interface Command (ICM) 

Sys Addr Dens Dens 
Reset Match Sel Sel 
Latch 1 0 
SYSRS SELCT NRZI . "GCR 

Cmd 
Btt 

3 

INTFCMD 

Cmd Cmd Cmd 
Bit Bit Bit 

2 1 0 
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APPENDIX E 

MEMORY ALLOCATION, INDUSTRY STO INTERFACE - 292X 

E. 1 MEMORY MAP 

0000 I 
1FFF 

2000 

3FFF 

4000 

5FFF 

6000 

7FFF 

8000 

9FFF 

AOOO 

AFFF 

BOOO 
BFFF 

COOO 

CFFF 

0000 
DFFF 

EOOO 

EFFF 

FOOO 
FFFF 

I 

95521 

PROM 1 (Functional) 

PROM 2 (Functional) 

PROM 3 (Functional) 

PROM 4 (Diagnostic) 

PROM 5 (Diagnostic) 

Diagnostic RAM 

Not Used 

RAM (Funct iona 1 ) 

Not Used 

Memory-Mapped I/O 

Not Used 

(0000-1FFF) 8k 

(2000-3FFF) 8k 
. 

(4000-5FFF) 8k 

(SOOO-7FFF) 8k 

(SOOO-9FFF) 8k 

(AOOO-AOFF) 256 bytes 

(COOO-C7FF) 2k 

(EOOO-EOFF) 256 bytes 
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E.2 KEYBOARD/OP PANEL REGISTER ALLOCATION 

Read Keyboard (0 = key depressed) KBDATA 

E008 
RIO r . I· CO 14 Co 1 3 Co 12 Co 11 Co 1 0 

E.3 DIAGNOSTIC REGISTER ALLOCATION 

E028 
RIO 

Diagnostic Status (lOG) 

Ready Rewnd Formt 
Busy 

Read Diagnostic Download Byte 

~n81 msb 1 .1·.. 1 

EODO 
RIO 

E030 
RIO 

E-2 

Servo Diagnostic Status 

Tach Tach 
Phase Phase 

A B 
TACHA TACHB 

Diagnostic Sense (lSN) 

Diag 
Swtch Buper Stop 

0 

100 
ips 

Mach 
Pump 
Down 
MPD 

Trak 

. DlAGSTAT 

Diag Diag 
W/R Prty 
Done Error 
WTFIN PRlTY 

DIAGDWNL 

1 ... 1 1 sb 1 

DIAGSERV 

Mach File File 
Pump Pump Pump 

Up Down Up 
MPU FPD FPU 

DIAGSENS 

Diag Diag Diag 
Sel Sel Sel 

2 1 0 
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E.4 CAPST AN CONTROL REGISTER ALLOCATION 

Read Position Coun~ 
i i 

I EOAS I I 
RIO msb I I .. ' I 

Read Capstan Velocity 

EOA7 
RIO msb 

E5 REEL CONTROL REGISTER ALLOCATION 

EOS4 
RIO 

EOBS 
RIO 

EOS6 
RIO 

1 

95521 

Read Machine Position Count 

~b 1 
1 

.. ·1 

Read File Position Count 

msb 1 ... I 

Reel Status (RSS) 

Mach Mach File File Watch 
Phase Phase Phase Phase Dog 

B A B A EPO 
MPHSB MPHSA FPHSB FPHSA WDERR 

Read Thread Counter 

1 

PCREAD 

I 
lSb'1 

VR 

lsb 

READMPOS 

1 
.. ·1 

lsb 1 

READFPOS· 

1 
-I -lsb 1 

SRVOSENS 

Loop Power 
Out Fail 
EPO EPO 
LOOPF PWRF 

THRDREAD 

lsb 
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E.6 DATA PATH CARD REGISTER ALLOCATION 

EOCO 
RIO 

EOC1 
RIO 

. EOC2 
RIO 

EOC3 
"RIO 

EOC4 
RIO" 

EOCS 
RIO 

E-4 

Dead Track Register ( - ) 

I ~~~~71 I I 
Data Path Status A (DSA) 

Write Uncor Part Mul t 
TM Error Rec Track 
Check Error 
WTMCK UNCOR PRTRC MTE 

Data Path Status B (DSB) 

Cmd 10 Read Write 
Rej Check Ovrfl Ovrfl 
REJ IDCHK ROVR WOVR 

Data Path Status C (DSC) 

Over Data PE GCR 
Block Avail 10 10 
BLOCK DAVAIL PEID GCR10 

Phase Pointers 

I ~~!~~I 
Amp Sensors 

~:sel 
Trk 7 

Read End 
Corr Data 

ChecK 
ROCOR ENOCK 

CRC eRC 
C A 

CRCC CRCA 

TM 
Stat -OT P 
TMS NDTP 

DTREG 

( -) I 

Dea~ Trk 0 

DPSTATA 

Vlcty 
Check 

VELCK 

DPSTATB 

CRC Super 
eRe BUPER 

DPSTATC 

AS P PH P 
ASP PHASP 

PHASREG 

I ~~!~:I 
AMPSREG 

~:sel 
Trk 0 
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E. 7 WRITE DRIVEF1 AND SENSOR REGISTER ALLOCA T.ION 

EOEO 
RIO 

EOE1 
RIO 

I 

Sensors 

Current 

A 11 
Trks 
Wrt I 

WRTALI. 

(SS 1 ) 
i 

BOT 
Tape I 
.Prsnt 
TAPE 

Monitor (WMN) 

Erase All 
Curr TrKs 
t"'\_ t"'\~L! 
U(J 

I 
UTr I 

ERS WROFFI 

Leadr File 
Seen Prot 
LEADR FILEP 

( -) 
Wrt F 
Itrpt I 
CURQK 

E.8.INTERFACE REGISTER ALLOCATION 

E020 
RIO 

E030 
RIa 

E001 
. R/W 

E002 
R/W 

95521 

Interface Command (ICM) 

Cmd Cmd Cmd Cmd 
Bit Bit Bit Bit 

·7 6 5 4 

Read Switches and Stop 

Erase Stop Swtch 
Stop Wrt 6 

R/W Port A of 8155 

Load Fi 1e +Runn Lwr 
Point Prot 100ips 

R/W Port B of 8155 

Wrt EOT Corr File 
Stat Error Mark 

Cmd 
Bit 

3 

Swtch 
5 

Wide 
Point 

Hard 
Error 

SENSORS 

Sensr l . 
Error 
ERROR-

CURRNTM 

Arms Fi le Mach 
Extnd Arm Arm 

J ~I~5~1 
- . I Index, 

XTENOI MINOX 

INTFCMO 

Cmd Cmd Cmd 
Bit Bit Bit 
~ 1 0 

INTSTATD 

Swtch Swtch Match 
4 3 

INTSTATA 

Back GCR Mach 
Wards R/W 

100ips 

INTSTATB 

Data 10 Enb1e 
Busy Burst Stop 
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E003 
R/W 

E019 
W/O 

E-6 

Z80 to Z80 fr 
Host Host 

(Read) (Wrt) 

Interface Registers· 

INTSTATC 

Fake Fake -Enbl -Enbl 
WRSTB RDSTB WRSTB· RDSTB 

INTCLR 
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APPENDIX F 

MEMORY ALLOCATION STK STANDARD INTERFACE 2925 

F. 1 MEMORY MAP 

PROM 1 Functional (OOOO-lFFF) 

. 
PROM 2 Functional/Diagnostic (2000-3FFF) 

Not Used 

Not Used 
~ 

Not Used 

Not Used 

0000 

1FFF 

2000 

3FFF 

4000 

5FFF 

6000 

7FFF 

8000 

8FFF 

9000 

9FFF 

AOOO 

BFFF 

COO a 
DFFF 

EOOO 

FFFF 

RAM Functional/Diagnostic (AOOO-BFFF) 

Memory Map I/O (COOO-DFFF) 

Memory Map I/O (EOOO-FFFF) 

F2 HOST INTERFACE REGISTER ALLOCATION 

8K 

8K 

2K 

8K 

8K 

The following paragraphs show the register allocation for both 
the StorageTeK Standard Interface and the Industry Standard 
Interface. When reading the lists the code is the first column 
and the bit positions are shown in the remaining columns in a 
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descending order (Bit 7 to Bit 0). 

F.2.1 Storage!ek Standard Interface 

Host Status A (IHASTAT) 

EFFO Host Host Host Host Host Host 
EDT BOT End Data Super CorEr 
Stat Stat Data Chk Stat 

Host Status B (IHBSTAT) 

EFF1 Host Host Host Host Host Host 
Wrt Rdy Exp Onl Rew Op In 
Stat Stat Data Stat Stat Comp 

Error Multiplex Bux Byte 0 (IHEMUXO) 

EFF2 Dead Dead D-ead Oead Dead Dead 
Trk 7 Trk 6 Trk 5 Trk 4 Trk 3 Trk' 2 

Error Multiplex Bux Byte 1 (IHEMUX1) 

EFF3 WTM Un- Part Multi Not End 
Chk corr Rec Trk Used Data 

Err Err Chk 

Error Multiplex Bux Byte 2 (IHEMUX2) 

EFF4 Diag Diag Diag Diag Diag Diag 
Aid 7 Aid 6 Aid 5 Aid 4 Aid 3 Aid 2 

Error Multiplex Bux Byte 3 (IHEMUX3) 

EFF5 EDT BOT Not File Back High 
Stat Stat Used Pro ward Den 

Stat Stat Stat 

Host 
Rej 
Stat 

Host 
Ovrun 
Stat 

Dead 
Trk 1 

Ve 1· 
Err 

Diag 
Aid 1 

Rdy 
Stat 

Parity Bits of Error Multiplex Bus (IHEMUXP) 

EFF6 Res e1r Not Not EMUX3 EMUX2 EMUX1 
Host Host Used Used P Wrt Tach eRe 
Busy Reset Stat Error 

F-2 

Host 
T Mrk 
Stat 

Host 
EPROM 
PErl" 

Dead 
Trk 0 

Diag 
Mod 
Latch 

Diag 
Aid 0 

On1 
Stat 

EMUXO 
P DT 
Par 
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Host Comnand Bits (IHCMO) 

EFF7 l?yS IDev I~er: IDen ICmd I~md ICmd ICmd 

IKes IMatch I;el 1
5e1 I' 12 13 14 

,Lchd I ,0 I I I 

5et Block to Host (IHBLOCK) 

EF81 I Send Host Block Pulse: When written to. 

Host Interface Register (T~Tl:lI.rl:\ 
\ ...... '-',-,,_1 

EFB3 Early Not Host Host Host 5el Sel Sel 
EDT Used Busy Sys Stop EMUX EMUX EMUX 

·SASB Res LTH 2 1 0 

Host Interface Register (IHINTF) 

EFE3 Host Host Long Gate Ois- 5el Sel 5el 
SSC 10 Rec STP able MUX MUX MUX 

Burst Mode Block Empty 2 1 0 

F.3 INDUSTRY ST ANDARD INTERFACE 

Host Status A (PHASTAT) 

EFFO P Host P Host P Host P Host Not P Host P Host P Host 
EDT BOT High Hard Used Carr 10 Tape 
Stat Stat Seed I P 

Err Err Burst Mark 
Istat Istat Istat 

Host Status B (PHBSTAT) 

EFF1 Cntrl Data Host Host Not Not Not Not 
Erase Busy Data Onl ine Used Used Used Used 
Gate Bypass Busy Stat 

Host Status C (PHCSTAT) 

EF90 Host Host Host Host Host Host Host Host 
Format Ready Go Reset Rewind RewCmd DvrRun Offl 
Busy Stat Latchd Latchd Stat Latchd Latchd Cmd 

Latchd 
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Host Command Reg (PHCMD) 

EFSO PerHos PerHos PerHos PerHos PerHos PerHos PerHos PerHos 
Cmd Cmd Cmd Cmd Cmd Cmd Cmd Cmd 
7 5 5 4. 3 2 1 0 

Host Interface Reg (PHINTF) 

EFE3 Diag Diag Sync Gate Disabl Tape Tape Tape 
File GCR Mode File Empty Sel Sel Sel 
ProSt Stat Pro & Mux Mux Mux 

GCR 2 1 0 

Host Interface Reg (PHIFACE) 

EFB3 El EOT Device Not Not Host Not Not Not 
SASS Match Used Used Stop Used Used Used 

lTH 

F.4 SWITCHS REGISTER ALLOCATION 

IIPORT2 

EFDO Not Not Not Not TO BlK SWTCHl lMSClK SWTCHl 
Avai 1 Avail Avai 1 Avail Pulse Sync INPT Sp-are 

latchd Mode For 
Timr 3 

ISWITCH1 

EFDl SWTCHl SWTCHl SWTCHl 10KHz SWTCHl SWTCHl SWTCHl 35 
Early Tape Read Clk to Read Write Write Micro-
EOT Mark Retry Servo Retry Retry Retry Second 

Sync CNT 1 Cnt 0 Cnt 1 ent 0 Offset 

ISWITCH2 

EF02 No GCR Data Max Max INTF INMTF Data Data 
One Rate 2 Blk Blk Ramp 1 Ramp 0 Rate 1 Rate 0 
TRK Size 1 Size 0 
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ISWITCH3 

EFB7 Icard Icard Icard ICard ,Ispare Ihost ,I Host IIAHdO-r~to I Lv 1 3 , Lv 1 2 I Lv 1 1 I Lv 1 0 ! I Adr 2 ! Ad r 2 ! 

F.5 DATA BUFFER REGISTER ALLOCATION 

Start of Record (SOR) Pointer (ICSORO) 

I - - " " f R ,; I C::RVT~ EFES /1 emp or Star t o. ..ecor_, __ ... I ' ''' 

Start of Record (SOR) Pointer (ICSOR1) 

EFE6 ITemp or Start of Record 

Start of Record (SOR) Pointer (ICSOR2) 

EFE7 ITemp or Start of Record. MSBYTE 

Load Fi 11 Address Regi ster (FAR) (ICFAR). 

EF82 I Transfer SOR to F i 11 AddressRegi ster . 

Load Drain Address Register (FAR) (ICFAR) 

EF83 Transfer SOR to Drain Address Register 

Read DAR or FAR (ICADRSO) 

EFAO IRead Address O. LSBYTE; Fill or Drain 

Read DAR or FAR ( ICADRS 1 ) 

EFA1 I Read Address 1; Fill or Drain 

Read DAR or FAR (ICADRS2) 

EFA2 IRead Address 2, MSBYTE; Fill or Drain 
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Reset Full (ICRESFUl) 

EF84 IReset Full: Written to. Will 

Set Empty (ICSEMPTY) 

EF8S Iset Empty: When Written to. Will 

Data Buffer Mode 1 (ICMODE1) 

EFEO Disabl Enable Enable Enable Enable Diag Diag Diag 
F i 1/ FAR DAR CRC CAC TRAK Stop Parity 
ORA Read Read Diag Diag 

Data Buffer Mode 2 (ICMODE2) 

EFE4 Reset Reset Reset Res Hard- Hard- Hard- 'Hard-
Cache CRC CRC BlK ware ware ware ware 
PAR ER Check Gener- PlS IT Host Host Host Host 

ator & Read SRT Read WRT 
EOD IT Cmd Cmd Cmd Cmd 

'Data Buffer,Status (ICSTAT) 

EBF2 Cache Cache Fill Ora in, Treq Treq Cache Cache 
Full Empty Done Done FRM FRM Stop Parity 

Cache Drive 

Data Buffer Interface (ICINTF) 

EFE3 host Host Sync Gate Disabl Sel Sel Sel 
SSC 10 Mode STP & El11lty Mux 2 Mux 1 Mux 0 

Burst Block 

Diagnostic Write Data to Data Buffer (ICWRITE) 

EF87 IWrite Data To Cache; 

- Diagnostic Read Data From Data Buffer (ICREAD) 

EFA3 IRead Data From Cache; 
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Data Buffer Error Status (ICERROR) 

EFC2 I Tape I Taoe ICache ICache ITape I Tape iTape I Tape 
Isst 110' Ipar ICRC Busy IHDENS IFPTS IEMUX P 

I !Burst I Err I Err I I I 

F.6 COUNTER 1/0 CHIP REGISTER ALLOCATION 

Chip 1 Read/Write Control Port (IIADDR1) 

EFC3 Not Not Contrl Contrl Contrl Contrl ContrlJContrl 
Avai 1 Avail AoR 5 AoR 4 AoR 3 ADR 2 ADR 1ADR 0 

I 

Chip 1 Read/Write Control Port (IIoATA1) 

EFC3 R/W R/W R/W R/W R/W R/W R/W R/W 
Data 7 Data 6 Data 5 Data 4 Data 3 Data 2 Data 1 Data a 

Chip 2 Read/Write Control Port (IIADoR2) 

EFD3 Not Not Contrl Contrl Contrl Contrl Contrl Contrl 
Avai 1 Avail AoR 5 AoR 4 ADR 3 ADR 2 ADR 1 AoR 0 

Chip 2 Read/Write Control Port (IIDATA2) 

EFD3 R/W R/W R/W R/W R/W R/W R/W R/W 
Data 7 Data 6 Data 5 Data 4 Data 3 Data 2 Da~a 1 Data a 
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F.7 TIMER/INTERRUPT REGISTER ALLOCATION 

NM I Timer S tat us (I I paR T 1 C )-

EFCO Not Not Not Not Early Diag NMI -NMI 
Avail Avail Avail Avail EOT ERL Timer3 Timer3 

CKT EOT Input Output 
Done CAP 

PULS 

Interrupt Status (IIPoRT1S) 

EFC1 End of Busy Stop Timerl Timer2 Timer2 Diag Timer2 
Data GOS In Sen To Output Gate; Trig- Erly aut; 
PL active TO ims Treq/ ger: EOT Not 
Intrpt Intrpt Intrpt AK Treq File Connec 

PUL ted -- .--._--.-"--.-. 

F.8 TAPE DRIVE INTERFACE REGISTER ALLOCATION 

Tape Drive Status A (ITASTAT) 

EFA5 Tape Tape Always Tape Tape Tape - Tape Tape 
EOT BOT Zero Data SUPER Carr Reject Tape 
Stat Stat Check Err Stat Mark 

. Stat Stat 

Tape Drive Status B (ITBSTAT) 

EFA6 Tape Tape Tape Tape Tape Tape Tape Tape 
Write Ready Expect On 1 ine Rewind Oper OvrRun EPROM 
Stat Stat Data Stat Stat Incorrp Stat ParErr . 

Tape Drive Error Multiplex Bus (ITEMUX) 

EFA7 EMUX EMUX EMUX EMUX EMU X EMUX EMUX EMUX 
Bit 7 Bit 6 Bit 5 Bit 4 Sit 3 Bit 2 Bit 1 Bit 0 

Tape Drive Status C (ITCSTAT) 

EFC2 Tape Tape Cache Cache Tape Tape Tape Tape 
SSC 10 PAR CRC Busy HDENS FPTS EMUX P 

Burst ERR ERR 
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Tape Drive Command Register (ITDMC) 

Pulse Start ( ITSTART) 

EF86 Tape Drive Start Pulse; When Written To Wi 11 

Tape Drive Interface Register (ITINTF) 

EFE3 I Diag IDiag 1 Sync Gate Di sab 11 Tape Tape 

1~~~eStl~~~t I Mode File Empty Isel Se1 
Pro & Mux 2 Mux 
GCR 

I ! I 1---- I I 

f=.9 EARLY END OF TAPE CIRCUiTS REGISTER ALLOCATION 

Reset E.arly EOi Circuit (IEOTR=.S) 

ErSO !Reset the Early EOi Circuit: 
I 

Early EOT Caostan Count (I:ACAP1) 

EFB4 !Capstan Counter, LS3YTE 
1 

Early EDT Capstan Counter (IECAP2) 

EF85 Icapstan Counter. MSBYTE 

Early EDT Swing Arm Count (IESWARM) 

EFB5 !swingarm Counter 

95521 

ITape 
Sel 

tMUX 0 r._. _ __ . ........-._ .. _ 

! 
~ --. --. ----- -

I 
I 

-I 
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APPENDIX G 

2920-3910 EXTERNAL DIAGNOSTIC ROUTINES 

G.1 2920-3910 EXTERNAL DIAGNOSTIC ROUTINES 

01-01-00 INTERFACE STATUS 
01-02-00 INTERFACE DATA BUS 
01-03-00 INVOKE INTERNALS 
03-02-00 50 IPS PE LWR BYTES 5=2048 
04-41-00 50 IPS GCR LWR BYTES" 1-2048 
05-02-00 100 IPS PE LWR BYTE CNT 5-2048 
06-41-00 100 IPS GCR LWR BYTES 1-2048 
10-00-00 DRIVE APPLICABILITY TEST 50-DUAL 
14-01-01 50 IPS PE WRT REL/MED DEFECT 
14-02-00 50 IPS PE READ FWD RELIABILITY 
14-03-00 50 IPS PE READ BKWD RELIABILITY 
14-04-01 PE WRT LONG RECORDS/MED DEF 
14-41-01 50 IPS GCR WRT REL/MED DEF 
14-42-00 50 IPS GCR READ FWD RELIABILITY 
14-43-00 50 IPS GCR READ BKWD RELIABILITY 
14-44-01 GCR WRT LONG RECORDS/MED DEF 
14-51-00 100 IPS PE WRT REL/MED DEF 
14-52-00 loa IPS PE READ FWD RELIABILITY 
14-53-00 100 IPS PE "READ BKWD RELIABILITY 
14-61-00 100 IPS GCR WRT REL/MED DEF 
14-62-00 100 IPS GCR READ FWD RELIABILITY 
14-63-00 100 IPS GCR READ BKWD RELIABILITY 
14-71-00 STRESS TEST -2 SPEED, 3 GAP-
16-12-00 READ INTERCHANGE 
16-13-01 PE WRT REL TO EaT 
16-14-01 GCR WRT REL TO EOT 
16-27-00 SPEED REPORT 
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INDEX 

Abort (06H). . 
Address Selection~ 
AK Card Replacement. 

. 6-17 
. 3-12 

Arb i t rat i on P ha se . . . . 
Asynchronous Information 

10-22 
6-8 

Transfer. .. . ... 6-10 
Attention Condition. .. 6-14 
Automatic 

Thread/Load--Vertical 
Mount. . . . .. 2-9 

Backspace a Block (BSS) 
Corrrnand (1 00 1 ) 

Backspace a File (BSF) 
Conmand (1000) 

Backward Motion (01) . 
Beginning of Tape Status 

(BOTS) . . . . 
Bi-Directional Data (DATA 

4-32 

4-32 
11 - 2 

4-17 

0-7,P) ...... 4-8 
Sit Position Check After 

Part Replacement 
Block Sensed (BLOCK) 
BSB/BOT. 
BSB/Tape Mark. . 
BSF/BOT. 
Buffered Mode Operation. 
Bus Device Reset (OCH) 
Bus Free Phase . 
Busy (BUSY). 
Busy (08H) 
Bypass Error Option (07) 

Cable Harness 
Rep 1 acement . 

Cable Harness, 
Cable Harness, 
Cable Harness, 
Cable Harness, 
Cache Buffer 

AC. 
Motor 
Power 
,Sensor. 

Cache Buffer Extended 
Memory Test (62) 

Cache Card Internal Test 
( 17 ) 

Cache-Specific Commands. 

9-10 
4-9 

4-33 
4-33 
4-32 
2-22 
6-19 

6-8 
4-9 

6-21 
11 - 5 

10-26 
10-27 
10-27 
10-26 
10-27 
2-22 

11 - 19 

11 - 11 
2-23 

Cache/IF Card 
Communications (16). 11-10 

Cached Operation (Multiple 
Buffered 
Records). 7-17, 7-18. 7-19 

Capstan. ....... 2-13 
Capstan Alignment (Tape 

Tr~cking) ...... . 9-3 
Capstan Control Register 

Allocation C-3, 0-3, E-3 
Capstan Motor 

Rep 1 acement . 
Capstan, Reels, and 

Blower 
Card Cage Circuit Cards 

Rep 1 acement. 
Center of Gravity 

(Horizontal) Cabinet 
Mount. • 

Check Condition (02H). 
Circuit Cards. 
Clear Key. . . .. 
Command Complete (OOH) 
Command Initiation 
Command Lines (Command 

0-4) 
Command Lines Decodes -

Diagnostic Commands 
Description. 

Command Lines Decodes -
Functional Commands 
Description. 

Command Offline (FOFL) 
Corrrnand Phase. 
Corrrnand REJECT (REJECT). 
Corrrnand Select (CMDO, 

CMD 1, CMD2·, CMD3). 
Command Select Lines 

(CMDO, 1, 2, 3, and 4) 
Corrrnand to Status Wrap 

(10001). 
Commands with MTS in Write 

Status 
Continue Option (05) 
Controlled Erase Command 
Controlled Erase Command 

10-18 

10-17 

10-21 

3-10 
6-21 

10-21 
2-8 

6-16 
4-18 

7-8 

5-21 

5-15 
5-7 

6-10 
4-10 

4-5 

5-8 

5-25 

4-.20 
11 - 4 
7-21 

(00101). 5-17 
Coo 1 i ng Fan Rep 1 acemen t . 1 0 - 26 
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INDEX CONT 

Copy Command (18H) .... 6-63 
Cor r ec ted Err 0 r (C R ERR). . 4 - 1 4 
Corrected Error 

(FCER) ...... 5-11,7-11 
Counter I/O Chip Register 

A 11 oca t ion . . F -7 

Data Buffer Register 
All oc a t i on . . . . F - 5 

Data Bus Parity Error 
(BUPER) ......... 4-14 

Data Busy (FDBY) .. 5-10,7-10 
Data Check (DATA CHK) ... 4-11 
Data Formats . . . . . B-1 
Data In Phase. . . .. 6-10 
Da ta Loopback (1111) . . . 5-26 
Data Out Phase ...... 6-10 
Data Path Card Register 

Allocation .. C-4, 0-4, E-4 
Data Path Status (lB) .. 11-11 
Data Phase. . . . . .. 6-10 
Data Security Erase 

Corrrnand (1 0 1 1 1 ). . . '. . 5 - 1 7 
Demand Write Data Strobe 

(FDWDS) ...... 5-12,7-13 
Densi ty Select (DSO, DS1). 4-6 
Density Select Key. . . . 2-4 
Detailed Diagnostic Sense 

Bytes Description .... 5-27 
Detailed Functional Sense 

By t e s De s c rip t i on . . . . 5 - 1 8 
Diagnostic Features. . .. 1-3 
Diagnostic Keypad. . . . . 2-5 
Diagnostic Mode Set (OMS) 

Comma nd (00 1 0) . .. 4 - 2 1 
Diagnostic Register 

All oc a t i on . . C - 2, 0 - 2, E -2 
Diagnostic/Maintenance 

Programs . . . . . . . . 11- 1 
Differential Alternative. 6-1 
Differential Sense. . 6-6 
Di sconnect (04H) .. . 6-17 
Display. . . . . . . 2-1 
Display Address Key. 2-6 
DMS/FSB (SLX 2,1,0 = 000) 

(Perform All 
Diagnostics) . . . 4-25 

DMS/FSF (SLX 2,1,0,= 000) 
(Perform Loaded 
Diagnostics) . . . 4-25 

DMS/NOP (Status Lines Test 
Command) . . . . . . . . 4-21 

DMS/RDF (SLX 2,1,0 = 000) 
(Read No Motion 
Command) . . . . . 4-24 

DMS/WRT (SLX 2,1,0 = 000) 
(Write In Place 
Command) . . . . . 4-24 

DMS/WRT (SLX 2,1,0 = 001) 
( Wr i t e No Mo t- i on 
Command,) . . . . . 4-24 

DMS/WRT (SLX 2,1,0 = 111) 
(Functional 'Speed/Gap 
Select) ......... 4-25 

Drive Basic Motion, 100 
IPS (35) 0 •••••• 11-16 

Drive Basic Motion, 50 
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