




































































































































































































































































































































































































































































































































































































































































































o o o 
Loop \l\Irite to Read Data Flo"-,, 

This topic describes the long and short loop write to read 
modules in the loop write to read diagnostic routine. Loop write 
to read diagnostic modules are used to check out the write and 
read data paths within the subsystem and to isolate problems to 
either the control unit or to a tape unit. 

The diagram on the preceding page shows the data paths within 
the subsystem for the long and short loop write to read 
diagnostic modules. The long dashed lines show the long loop 
write to read data path ancl the short dashed lines show the 
short loop write to read data path. The heavy solid lines show 
the common data path used by both modules. 
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Short Loop Write to Read 

The short loop write to read diagnostic module checks the write 
to read uata path within the control Unit. A data pattern. 
received from the maintenance device by the buffer control card, 
is transmitted along a data path that includes the bufftlr adapter 
card, write data flow card, read detect and read deskew cards, 
and finally to the read correction and ECC card where the control 
unit microprocessor checks for any hardware detected errors. 

o o 

Long Loop Write to Read 

The long loop write to read diagnostic module checks the write 
to read data path from the control unit to a tape unit and back to 
the control Unit. A data pattern, received from tha maintenance 
davice by the buffer control card, is transmitted along a data 
path that includas the buffer adapter card, write data flow card, 
drive control card, the write bus, and the drive-adapter card. 

The drive-adapter card transfers data over 'write bus' lines 0 
and 1 to the read preamp card. At the read preamp card, the 
data from 'write bus' line 0 is gatad to the read inputs for tracks 
lA,2B,3B.4A,5B,6B.7B,BB and 9B. The data from 'write bus' 
line 1 is gated to the read inputs for inputs for tracks 
lB,2A,3A.4B,5A,6A.7B,BA and 9A. 

o o o 
Loop vVrite to Read Data Fiow OPER 110 

From the read preamp card, data is returned to the control unit 
over a read path that includes. the read bus. write power card. 
read detect and read deskew cards. and finally to the read 
correction and ECC card where the control unit microprocessor 
checks for any hardware detected errors. The write card and 
write head are not part of this path and lire not tested in a long 
loop write to read operation. 

A Set Diagnose command is sent to the device to condition it for 
a long loop write to read. Upon receipt of this command. the 
device checks for cartridge present. If a cartridge present is 
indicated. a unit check status is set. an error code is posted in 
sense and displayad at the device. and the loop write to read is 
aborted. 
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Loop Write to Read Data Flow (Continued) 

This is a high level drawing 
showing theory only. For 
detail pOint-to-point wiring, 
see machine logic. 

*This FRU is EC sensitive. 
See CARR-DR 4. 

**This FRU is EC sensitive and 
may not be present. 

***This FRU is EC sensitive. 
See CARR-CU 4. 
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Drive Data Flow 

* This FRU is EC sensitive. 
See CARR-DR 4. 

This topic describes the read and write data flow within the tape 
unit. 

Read 

The differential signal output from each read track is directly 
connected to the read preamp by way of the read head cable. 
The read preamp amplifies these signals, and sends them to the 
selected read bus cable (either A or B) and to the read detect 
cards in the control unit. The read bus Is determined by the 
control unit that requested the data: bus A is for control unit 0, 
and bus B is for control unit 1. The write power card Is used as a 
signal feed-through from the logic board to the A and B read bus 
connectors. 
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Write 

Write data is sent from a control unit to the selected drive by way 
of a serial connected device control bus. Either the A or B bus is 
used. The bus used depends on the control unit that selects the 
device: bus A is for control unit 0, and bus B is for control unit 1. 
For single control unit subsystem. bus 'A' is always used. The 
adapter card receives the non-return-to-zero (NAZI) data, and 
sends it to the correct analog read bus on the read preamp card. 

The write card converts the NAZI data to a chain of current 
pulses that are sent directly to the write tracks by way of the 
write head cable. 
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Read/Write Operations Diagram 

This is a high level drawing 
showing theory only. For 
detail point-to-point wiring 
see the machine logic. 
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Drive Data Flow (Continued) 

Motion Control Diagram 

This is a high level drawing 
showing theory only. For 
detail point-to-point wiring 
see the machine logic. 
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See CARR-DR ... 

Ie. Control 
a (Loco LI 

ic. Control 
• (R.mote) 

I 

Intorrupts 

1 tsu Xroa 

Proc:essor 

02A-A1D2-

Adapt.r 

02A-AIB2-

I 

S.l.ct Indicator 

Int.rrupt.IR ••• t JL 
S.rlal Data and Clock 

Olgi tal 
S.rvo I--

10-- Control 
10- XR Add 

XR Data 
XR Data Qut 

Control 02A-AIC2-

'RASBlts 

Fi le Prot.ct 
XR Data In 

N ••• ag. 
Ol.pla)' Op.rator 

Panel 
S .. I tch •• 

Fll. Prot.ct S .. ltch 
r To Wr I t. Pow .. Card 

J Nachln. R •• l 
Notor 

POR Tach A and B 
OnlOff 

T.nslon 
Fi le Rul Transducer 

Motor 

l Tach A and B 

~ Thr.ad.r 
Power 

Pow.r 
Ampll f1.r 
Boord Notor 

From Wr i te Cord 

Sense 
From Write Po .... r Cord 

.-------,Select Indicator 
~~~~~~~~----------------~N ... ag. 

Dovlce Control 
Bu. (Local) 

R.vlc. Control 
Bus (R.mot.) 

3480 MI EC3~639& 
C: eo"rig/lllBM Corp, 1_. 11115. 1l1li&, 1987 

f) 

Dr Iv. 
Contra l 

02A-A1B2-

{) 

~-----------------------~Dls"la)' Op.rator 
i------i Pan.l 

~-----------------------~Swltch.s 

XR Data Pow.r 

Contro l 

RAS BI t. 

Fll. Prot.ct S.n •• 

{) 

POR 
OnlOrr 

Control 

From Wr I to 

Fro .. Wr It. 

Power 
Ampll (I.r 
Board 

Card 

Po ... r Card 

To Write Po .. er Cord 
File Protect Switch 

Nachine R •• l 
Motor 

Fil. Re.l 
Motor 

Tach A and B 

Tach A and B 

I 

~) 

'--O--Tach A and B 

'--O--Fll. Protoct 
S .. I tch 

'--O--R ••• t 
Swi tch 

'--0--OnlOrr 
Sw itch 

'--O--Orrlln. 
Switch 

'--O--CSU 
Swi tch 

'--O--Cartrldg. 
Pr.sent S.,; tcn 

'--O--Ta"e Patn 
Sensors A and P 

'--0-- Pr .ssur. 
Se-nsor 

'--0-- Tn. rrna l 

'--O--Drlve Address 

'--O--Tach A and B 

'--O--Fll. Prot.ct 
S"i tch 

'--O--R.s.t 
S"i tcn 

'--0--OnlO(r 
S"i tcn 

'--O--O((lln. 
Swi tcn 

'--O--csu 
510 I tcn 

'---O-Cartridg. 
Pr ••• nt Switcn 

'---O-Ta". Patn 
S.n.or. A and P 

'---O-Pr •• aur. 
Sensor 

'---0-Tn. rma l 

'---O-Orlv. Addr ••• 

Drive Data Flow (Continued) OPER 125 

Drive Data Flow (Continued) OPER 125 



o o o 
Drive Data F!o,,.,, {Continued} 

This topic describes operations within the drive that control tape 
motion. Parallel and serial interconnections are also described. 

Motion Control 

The drive motion control logic is used for: 

• Tape tension control 

• Velocity control 

• Backhitch (reposition) control 

• Stop lock (position) control 

The tension control function provides constant tape tension, 
essential for motion control. 

The velocity control provides controlled acceleration up to 
recording speed or rewind speed, precise control of recording 
speed regardless of tape distribution on the reels, and controlled 
deceleration. 

Following read or write operations, the tape is repositioned so 
that the read/write head is located just before the inter block 
gap that was just written or read. Repositioning is handled 
automatically by the motion control logic and is termed 
backhitch. The drive control logic causes the IBG to be written 
or read by the head while the tape is moving at normal recording 
velocity. Once the IBG has been written or read from the tape 
following a block, the head is deactivated, and the drive 
decelerates. By the time the tape has stopped, the head is past 
the IBG. The drive then backs up the tape immediately in front 
of the interblock gap that was just written or read, so that when 
the drive begins to accelerate for the next read or write 
operation it will be moving the tape at full speed when the IBG is 
encountered. 

3480 MI EC336395 
<C> Copyr.gh.IBM Corp 1984, 1985 

o o 

The Stoplock (position-hold) mode is used when the tape is in a 
stopped position and under tension. When in Stoplock mode, 
the tape lifter solenoid is energized to prevent the tape from 
sticking tCl the head. 

The drive can independently reposition the tape from one 
location to the preceding Stoplock location, under direction from 
the control unit. Thus, the drive can independently revert to the 
preceding data block position for fast error recovery. Once 
loaded, the drive maintains one of three Stop lock positions, in 
anticipation of the next command. 

• Read Forward Stoplock, ready for a read forward 

• Read Backward Stoplock, ready for a read backward 

• Write Stoplock, ready for a write. 

Stop lock positions are achieved automatically by the drive, and 
are based on the command just executed. At the end of a 
particular command where no similar command is immediately 
following, the drive always assumes that some time in the future 
the next command to be executed will be the same as the last 
one. The drive repositions the tape to the Stoplock position that 
accommodates the next (similar) command. The exception to 
this is a Backspace Block command. After a Backspace Block 
command, the drive assumes a Read Forward Stop lock in 
anticipation of a subsequent Read command. 

o o 

Message Display 

The digital servo also communicates with the message display 
by way of the 'XR repowered data' bus that also connects to the 
power amplifier, additional display control signals, and switch 
signals from the operator panel. 

Motor Control 

The digital servo card functions as a buffer and the bus between 
the microprocessor and the other areas of the device. Like the 
adapter card, the processor communicates with the digital servo 
external registers using the XR data and address buses. The 
digital servo sends the data and control signals to the power 
amplifier board. The power amplifier converts this digital 
information to motor current. The digital servo then collects 
information in its external registers from the motor tachometers 
and tape sensors. This information is used by the processor to 
control the speed of the drive motors. 

o o o 
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Parallel/Serial Interconnector 

Commands are sent to the device on the Device Control Bus 
(DCB). For a dual control unit subsystem, cables DCB local and 
remote are used. For a single control unit subsystem, only the 
DCB local cable should be connected. The adapter card has two 
separate parallel paths (local/remote) and a single serial path. 
(The serial buses are connected together on the adapter card.) 

Parallellnterconnector 

Commands received on one of the parallel interconnection are 
controlled by the device microprogram once the 'command out' 
tag becomes active. (Adapter hardware logic processes the 
device selection.) The command is controlled by the processor, 
which communicates with the adapter using the external 
registers on the adapter and the XR data and address buses. 

Seriallnterconnector 

The serial interconnection permits limited communication to the 
device while the parallel interconnection is busy or has failed. 
Only non-data transmission commands are sent over the serial 
interconnection. 

The adapter card synchronizes and gates the serial clock and 
data to the digital servo card, where it is decoded. The data 
path runs from the DCB cable, through the adapter, to the digital 
servo. Once decoded, the motion commands are controlled by 
device microprogram just as if they had come on the parallel 
interconnection; hardware-only commands are executed 
independent of microprogram. 
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The 3480 tape subsystem can be configured as either a single 
or dual control unit subsystem. In a single control unit 
subsystem, the control unit sends data to and receives data 
from its attached drives. In a dual (two) control unit 
configuration, either control unit can transfer data to or receive 
data from its own drives or the drives attached to the other 
control unit. This topic describes the operation of both 
configurations. 

Single Control Unit Configuration 

A single control unit configuration consists of one control unit 
with up to eight attached drives. The control unit receives 
commands and data from the host system and transfers data 
and subsystem status by way of the channel and its channel 
adapter. 

The diagram at right shows the data paths between the host 
channel, control unit and drives. 

55 Status Store 

Lec Local 

Rem Remote 

Single Control Unit Command Sequence 

An example of a typical single control unit command sequence 
is: 

1. The host issues a channel command to the subsystem. 

2. The channel adapter waits to be polled by status store. 

3. The channel adapter requests a device assignment and the 
device status byte from status store. 

4. Status store tests the device assignment byte, and if not 
assigned elsewhere, sets the channel adapter bit and 
responds with the device status bit. 

5. The channel adapter uses the device status bit to generate 
initial status. 

6. The channel adapter passes the initial status to the host. 

7. The channel adapter stores the command, device condition 
byte, and interrupt request code, sets control unit busy, and 
activates a level 6 interrupt. 

3480 MI EC336395 
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8. When the interrupt is detected by the microprogram, it 
examines the Channel Response Register (CRR) in status 
store to identify the reason for the interrupt and to find out 
which channel adapter bit is set. 

9. The microprogram interrogates the channel RAM to find the 
reasons for the interrupt and the command byte. 

10. The microprogram resets the interrupt to free the channel 
adapter, which in turn, resets 'control unit busy' in the 
channel adapter and permits the processing of a new 
command. 

11. The microprogram initiates the command, sets up the 
buffer, starts the selected drive, and controls the data flow 
to or from the drive. 

12. When the operation is complete, the microprogram stores 
an ending status byte in the channel adapter RAM and 
directs the adapter to present the status to the host system. 

13. If command chaining is not indicated, the channel adapter 
interrupts the microprogram after the ending status has 
been transferred and requests that the device be freed in 
status store. 

o o o o o 
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Single Control Unit Configuration Diagram 
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Subsystem Configurations (Continued) 

Dual Control Unit Configuration 

The dual control unit configuration interconnects two control 
units. This dual control unit configuration permits operations in 
the subsystem to be balanced between the control units for 
most efficient use of subsystem resources. This mode of 
subsystem operation is transparent to the host system, because 
subsystem operations are automatically handled by the 
subsystem hardware and microprogram. 

Note: If when using a dual control unit subsystem one 
of the control units is not able to detects a response 
from the other control units, it indicates this in the other 
control unit by setting PER register bit 2 (collision 
detect), in that control unit. See PER bit 2 in the MI OF 
section. 

In a dual control unit configuration the following four 
communication paths are used: 

• Status store to status store II. 
• Channel adapter to status store D. 
• Channel adapter to local buffer II. 
• Channel adapter to remote buffer II. 
Figure 1 on the following page shows the data paths between 
the host channel, control unit, and drives. 

SS Status Store 
Loc Local 
Rem Remote 

Load Balancing in a Dual Control Unit 
Subsystem 

At varying times each drive attached to the subsystem is 
assigned to one of the two control units. All commands to a 
drive are executed by the assigned control unit and all buffered 
data to the drive is stored in that assigned control unit. 

Both control units monitor their workloads and periodically 
balance their work by reassigning drives from the more active 
control unit to the less active control unit. Reassignment may 
occur at any time during the host processing of a drives tape. 

The pattern of channel attachment usage of each drive is also 
monitored. If the channel attachment in one control unit 
receives most of the host commands for some drives, the load 
balancing algorithms of the subsystem attempts to use the 
buffer in that control unit for those drives. 

When a drive is aSSigned to a control unit for use by the service 
representative, la drive is assigned to the control unit by 
plugging in the MOl reassignment of the drive is not permitted 
un~ the service representative releases the drive or unplugs the 
MD from the control unit. 
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Status Store to Status Store 
Interconnection 

The status store to status store II communication path is used 
to give the two control units the ability to synchronize their 
individual operations and to provide a communications path 
between the two microprocessors using a 'master/slave' mode 
of operation. When either control unit is in the 'slave' status, 
status store does not execute orders. 

Part of the status store communication path between control 
units is the 'RAM' address bus, RAM data bus, and 'memory 
write' signal. When a memory write operation is performed the 
RAM address bus contains the address of the status store RAM; 
the RAM data bus contains the data being written to the RAM, 
and the memory write signal is used to gate the data into the 
RAM. When either control unit is written into, the 'RAM' in the 
other control unit is also written into with the same data. 

The remainder of the status store to status store communication 
path control signals are: 

• Local Control Unit Master -;- indicates this control unit is the 
current master control unit. 

• Remote Control Unit Master -;- indicates that the other 
control unit is the current master. 

• Local Control Unit Connected ~ the local control unit is 
enabled for a dual control unit mode of operation. 

• Remote Control Unit Connected -;- the remote control unit is 
enabled for a dual control unit mode of operation. 

Note: Local and remote control unit connected 
lines become inactive when the corresponding 
control unit is offline. 

• Local Control Unit Send ~ indicates that the microcode has 
assembled a message in the message buffer. 

Note: This signal is named 'received' at the 
receiving control unit. 

• Local Control Unit Acknowledge -;- this line is used to 
acknowledge the receiving of a message. This causes a 
reset of the 'send' signal at the other control unit. 
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Channel Adapter to Status Store 
Interconnection 

The channel adapter to status store D interconnection supplies 
the communication path for data and status information 
between the channel adapters and status store. 

The status store communicates with the channel adapters by 
polling each adapter in turn; channel adapter A, channel adapter 
B, and so on. 

The communication path contains the following lines: 

• A nine bit bi-directional data bus used to transfer orders and 
data between the status store and the channel adapter. 

• A five bit bi-directional response used to transfer an address 
or response data to the channel adapter, or response data 
to the status store. 

• Two system clocks (C 1 and C2 l. 

• Two condition bits that define the current PLA condition. 

• An adapter select line to each adapter. 

• An adapter reset line to each adapter. 

• An adapter interrupt line from each adapter to the status 
store. 

• An adapter failure line from each adapter to the status store. 

Channel Adapter to Buffer (Local/Remote) 
Interconnection 

All channel adapters in a control unit share the same local EJ 
and remote II buses to the buffer. Only one is permitted use of 
the bus at anyone time. 

The interconnection contains the following lines: 

• Service Out (Remote/Local) - this is the channel service out 
tag. 

• Data Out (Remote/Local) - this is the channel data out tag. 

• Service In (Remote/Local) - this is the control unit service in 
tag. 

Data In (Remote/Local) - this is the control unit data in tag. 

• Stop (Remote/Local) - this is the channel adapter signal 
used to inform the buffer that the data transfer has ended. 

• Data Valid (Remote/Local) - this line is used as a gate for 
data that is sent to the channel for parity checking. 

• Buffer Data Bus (Remote/Local) - this a 9-bit bi-directional 
data bus used to send and receive data from the buffer. 

• Suppress Out (Remote/Local) - this is the channel suppress 
out tag. 
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Subsystem Configurations (Continued) 

Dual Control Unit Command Sequence 

An example of a typical dual control unit command sequence is: 

1 . The host system issues a channel command to the 
subsystem. 

2. The channel adapter waits to be polled by status store. 

3. The channel adapter requests a device assignment and the 
device status byte from status store. 

4. Status store requests Master status before it can begin 
order execution. 

5. When Master status is granted, status store tests the 
device assignment, and if not assigned elsewhere, sets the 
channel adapter bit and responds with the device status 
byte from status store RAM. 

6. The channel adapter uses the device status byte to generate 
initial status and transfers this to the host system. 

7. The channel adapter stores the command, device condition 
byte, and interrupt request code in the channel adapter 
RAM, sets 'control unit busy', and through the channel 
adapter activates a request interrupt to the status store. 
Status store activates an interrupt level 6 to the 
microprogram, 

8. When the interrupt is detected by the microprogram, it 
examines the Channel Response Register (CRR) in status 
store to identify the reason for the interrupt and to find 
which channel adapter bits are set. 

9. The microprogram reads the channel adapter RAM to find 
the interrupt reason and the command byte. 

10. The microprogram resets the interrupt to free the channel 
adapter. The channel adapter resets the 'control unit busy' 
condition. 
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11. The microprogram determines which control unit the drive is 
assigned to. 

Local: Perform the command action as required - set 
up the buffer, start the drive. 

Remote: Send the command to the other control unit 
via status store. Wait for the remote control unit to 
finish the command. The remote control unit sends the 
ending status in a message when the command is 
complete. 

12. When the command has completed, the microprogram 
stores the ending status byte in the channel adapter RAM 
and directs the adapter to present the status to the host 
system. 

13. If command chaining is not indicated, the channel adapter 
requests that the device be freed by passing a status store 
order on a polling operation. 

o o o o o 
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Host Channel Host Channel 
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Figure 1, Dual Control Unit Configuration 
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Dual Control Updating Status Store 'RAM' 

At installation time the customer assigns the control units as a 
and 1. During a normal dual control operation, control unit a 
assumes control of the 'master/slave' logic. 

At every status store condition 3 cycle, control unit a 
deactivates the 'local master' line for one cycle to permit control 
unit 1 to reach the master condition if it needs to. 

The importance of being in the master condition is that the 
status store in each control unit can not execute any orders 
while in the 'slave' condition. If control unit 1 is in the 'slave' 
condition, a request for 'master' condition is generated by 
activating its 'local master' line. 

Part of the status store communication path between control 
units is the RAM address bus, RAM data bus, and a memory 
write signal line. When a memory write operation is performed, 
the RAM address bus contains the address of the status store 
RAM; the RAM data bus contains the data being written to the 
RAM, and the memory write signal is used to gate the data into 
the RAM. When either control unit is written into, the RAM in 
the other control unit is written into with the same data. 

The timing chart shows an example of a message being written 
into address 80 and 83, and the updating of the RAM status. 

Note: This is to remind you that each control units 
status store lines going to the other control unit are 
labeled local, and are labeled remote coming from the 
other control unit. The timing chart is shown at the 
control unit a side. See OPER 1, Subsystem 
Configurations, "Status Store to Status Store 
Communication Path Diagram." 

WRITING A MESSAGE INTO LOCATION 80 AND 83 

Control Unit 0 
(Loc Master) 

Control Unit l.Jrll----' 
(Rem Master) ~--------------------------------~ 

III 

Loc Send 

Rem Send 

Loc Ack 

Rem Ack 

Ell 

Writing a Message into Address 80 and 83 

Control unit 1 requests an initial microcode load (lML) from 
control unit 0 by writing a message into address 80 and 83. 
The first part of the timing chart shows that control unit 1 must 
activate its 'local master' D line, assemble the data and address 
to be written, then activates its 'memory write' Elline to gate 
the information into address 80 EJ and 83 II of both RAMs. 

When both addresses have been written into, control unit 1 
activates its 'send' D line to indicate to control unit a that a 
message has been written. No other action takes place until 
control unit 0 acknowledges the 'remote send' line. 

I 
LI 

I 
II 

I 

Note: The 'send' line is only active when a message 
has been sent to the RAMs. Updating the device status 
byte needs no 'send' line. 

UPDATING RAM STATUS BYTE 

III 

Memory Write 
~ ____________________ ~B~n~__________________________ &n~ ______ _ ~ 

Address Bit P 

Bit 0 ~ 
~ _______ I __ ~n~ ____ ~n~ ___ nJtr_l ____ ~~ 

111"1 r---1 ____________________________ ~. ~. __________________________ ~I L--I __________________________________ _ 

Bit 
______________________________________________________________________ ~n~ ______ ~n~ ____________ ~~ 

Bit 2 
_________________________________________________________________________ _ ______________ ~n~ ________________ _ 

Bit 3 ---------------------------------------------------------------------------~~-----
Bit 4 

______________________________________________ -----'n .... __ ---<n nJtr_lL--_~ 

Bit 5 

Bit 6 
_____________ ~II~r_l~ ______________________________ nJtr_l~ ___ _ 

Bit 7 
________________________ ~II~II nJtr_l~ ___ _ 

Figure 1. Status Store Communication Path Timing Chart 

Updating the RAM Status Byte 

The second half of the timing chart shows control unit 1 
updating the device status byte in address 1 B of the RAMs. 
Control unit 1 activates its 'local master' III line, assembles the 
data and the address to be written into, then activates its 
'memory write' 0 line to gate the information into address 1 B 
1]. Because this is not a message, control unit 1 does not 
activate its 'send' line. 
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Control Unit to Control Unit Communication 

The control units, in a dual control unit configured subsystem, 
communicate over the Status Store to Status Store 
Interconnection. The status store communication card provides 
the logic for this communication. 

In order for the microprograms in the two control units to 
communicate, status store prOVides orders, which are used by 
the microprogram. In addition to the orders, a portion of status 
store RAM is set aside as message buffers. Two message 
buffers are defined, one for sending and one for receiving 
messages. Two buffers also permit the control unit to send and 
receive messages at the same time. 

The diagram at right shows the lines that are used to transfer 
data and information between the control units. 

Send Message Operation 

To send a message to the other control unit, the following 
sequence of operations is followed: 

1. Test if the Acknowledge bit is on. If it is not on, the other 
control unit has not responded to the last message sent. A 
message can not be sent until the Acknowledge response is 
received. 

2. Issue a Reset Write Message Pointer order to status store to 
initialize the buffer pointer. 

3. Set a byte of data into the Channel Data Register (CDR). 

4. Issue an Access Write Message Buffer order to store the 
data from the CDR into the message buffer (and into the 
read message buffer of the remote control unit). 

5. Repeat the last two steps until all the data bytes have been 
sent. 

6. Issue a Send order. This causes a received indication at the 
remote control unit. 

3480 MI EC336395 
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Receive Message Operation 

To receive a message from the other control unit, the following 
sequence uf operations is followed: 

1. Issue a Reset Read Message Pointer order to initialize the 
read buffer pointer. 

2. Issue an Access Read Message Buffer order to set the data 
byte into the Channel Data Register (CDR). 

3. Read the CDR to obtain the data byte. 

4. Repeat the previous two steps until the entire message is 
read. 

5. Issue an Acknowledge order to inform the other control unit 
that the message was received. 

o o o o 
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Status Store to Status Store Interconnection 
Diagram 
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Channel Commands 

The 3480 executes the channel commands listed in the Channel 
Command Summary table on OPER 155 and described on OPER 
160 through OPER 180. The Channel Summary Table provides 
a brief description of each command. Detailed command 
descriptions are found on the pages following the table. 

Commands that are not usually ended immediately (channel end 
status sent at initial status time) can be received by the control 
unit when the drive is not executing an I/O operation for another 
channel path. If there is a delay between receiving and 
completing a command. the channel is disconnected by a 
channel command retry. While the channel is disconnected from 
the control unit. the subsystem can process some or all of the 
command. This aids in keeping the channel open much of the 
time. 

In addition to the channel commands the 3480 uses the 
System/370 input/output (I/O) instructions. 

For additional information concerning channel commands. see 
the following: 

• IBM System/360 and System/3 70 I/O Interface Channel to 
Control Unit Original Equipment Manufacturers Information. 
GA22-6974. 

• IBM 34BO Magnetic Tape Subsystem Description. 
GA32-OO42. 
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Input / Output Instructions 

The tape subsystem uses six I/O instructions that are supplied 
by the System/370 design: 

• Start I/O 

• Start I/O Fast Release 

• Test I/O 

• Halt I/O 

• Clear I/O 

• Halt Device 

Also. the tape subsystem uses the following device data 
streaming channel I/O instructions: 

• Clear Subchannel 

• Halt Subchannel 

• Reset Channel Path 

• Start Sub channel 

• Test Pending Interruptions 

• Test Subchannel 

The host system sends a Start I/O. Start I/O Fast Release. or 
Start Subchannel instruction to start an I/O operation. These 
instructions send a command to the control unit for execution. 
See OPER 155 for the definition of the commands and their 
command codes. 

~) 

The host system sends a Test I/O instruction to cause the 
channel to send a hexadecimal 00 command code to the control 
unit. See the description of the Test I/O command in this 
section for a description of the hexadecimal 00 command code. 

The Halt I/O. Halt Device. or Halt Subchannel instruction causes 
the drive to stop executing a channel program. but does not 
send a command code to the control unit. All data movement 
stops and the drive continues to a normal ending point. 

The Halt I/O or Halt Subchannel instruction can cause the 
channel to send an interface disconnect command sequence to 
the addressed drive. If the interface disconnect command 
sequence is sent before the initial selection is received. the 
ending status for the operation does not cause an interrupt when 
the operation is complete. An interface disconnect command 
sequence does not clear disconnect in. 

The Clear I/O and Clear Subchannel instructions also stop an I/O 
operation. but at the subchannel level. and do not directly send 
the halt request to the addressed drive. 

~.) 

" 
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Channel Command Summary 

Channel Command 
Hex 

Des cription 
Code 

Assign B7 Reserves the addressed drive to a specified channel path. 

Backspace Block 27 Causes the drive to move the tape backward to the last block 10. 

Backspace Block 2F Causes the drive to move the tape backward to the last tare marl<:. 

Control Access E3 
Permits a specified drive to be used by a host system to which it is not 
assigned. 

-
Data Security Erase 97 Causes the drive to erase the tape to the end of the tape. 

Erase Gap 17 Causes the drive to write an erase gap pattern. 

Forward Space Block 37 Causes the drive to move the tape forward to the next block 10. 

Forward Space Rle 3F Causes the drive to move the tape forward to the next tape mark. 

Load Display 9F Causes a message to be displayed on the message display panel. 

Locate Block 4F Causes the drive to move the tape to the specified location of data. 

Mode Set OB Causes a drive to be set to a specified operating mode. 

No Operation 03 No operation is performed. 

Read Backward OC Causes the drive to read in a backward direction. 

Perform Subsystem 
77 Passes control information from the control program to the subsystem. 

Function 

Read Block 10 22 Causes the tape block 10 to be sent to the host system. 

Read Buffer 12 Causes the buffer data to be sent to the host system. 

Read Buffered Log 24 Causes the stored buffered log data to be sent to the host system. 

Read Device 
64 

Causes up to 64 bytes of data containing installed feature information to be 
Characteristics transferred to the host processor. 

Read Forward 02 Causes the drive to read in a forward direction. 
- ---

Rewind 07 Causes the drive to rewind the tape to the load point. 

Rewind Unload OF Causes the drive to rewind the tape and unload the cartridge. 

Sense 04 Causes the CU to send 32 bytes of sense data to the host system. 

Sense I/O E4 Causes the CU to send 7 bytes of subsystem 10 information to the host system. 

Sense Path Group 10 34 
Causes the CU to send the path state byte and tile 11 bylAS of path group 10 
information to the host system. 

Set Path Group 10 AF Sends the function control byte and 11 path group 10 bytes to the control unit. 

Suspend Multipath 
5B 

Causes a temporary connection between the addressed drive and the ctlannel 
Reconnection path that issued the command. 

Synchronize 43 
Causes the drive to be synchlo"ized witl1 the host system after a buffered 
operation. 

Test 110 00 Causes the CU to send the status byte to the host system. 
.. -

Unassign C7 
Releases the addressed drive from tl,e channel patl1 group to which it had been 
reserved. 

Write 01 Causes the drive to write data on the tape. 

Write Tape Mark 1F Causes the drive to write a tape mark pattern on the tape. 
---~~----
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-r Copyright IBM Corp. 1982.1989 



o o o o o f) {) o o () 



o o o o o o o o o o 
Channel Commands (Continued) Channei Commands (Continued; OPER 155 
Channel Command Summary 

HEX 
CHANNEL COMMAND CODE DESCRIPTION HEX 

CHANNEL COMMAND CODE DESCRIPTION 
Assign B7 Reserves the addre~sed drive to a 

specified channel path. Sense 1/0 E4 Causes the CU to send 7 bytes of 
subsystem 10 information to the 

Backspace Block 27 Causes the drive to move the tape host system. 
backward to the last block 10. 

Sense Path 34 Causes the CU to send the path 
Backspace File 2F Causes the drive to move the tape Group 10 state byte and the 11 bytes of 

backward to the last tape mark. path group 10 information to the 

Control Access E3 Permits a specified drive to be 
host system. 

used by a host system to which Set Path AF Sends the function control byte 
it is not assigned. Group 10 and 11 path group 10 bytes to the 

Data Secur i ty 97 Causes the drive to erase the 
control unit. 

Erase tape to the end of the tape. Suspend 5B Causes a temporary connection 
Multipath between the addressed drive and 

Erase Gap 17 Causes the drive to write an Reconnection the channel path that issued the 
erase gap pattern. command. 

Forward Space 37 Causes the drive to move the tape Synchronize 43 Causes the drive to be synchro-
Block forward to the next block 10. nized with the host system after 

a buffered operation. 
Forward Space 3F Causes the drive to move the tape 
Fi Ie forward to the next tape mark. Test 1/0 00 Causes the CU to send the status 

Load Display 9F Causes a message to be displayed 
byte to the host system. 

on the message display pane 1. Unassign C7 Releases the addressed drive from 
the channel path group to which it 

Locate Block 4F Causes the drive to move the tape had been reserved. 
to the specified location of data. 

Wr i te 01 Causes the drive to write data on 
Mode Set DB Causes a drive to be set to a the tape. 

specified operating mode. 
Wr i te Tape Mark 1 F Causes the drive to write a tape 

No Operation 03 No operation is performed. mark pattern on the tape. 

Read Backward OC Causes the drive to read in a 
backward direction. 

Read Block 10 22 Causes the tape block 10 to be 
sent to the host system. 

Read Buffer 12 Causes the buffer data to be sent 
to the host system. 

Read Buffered Log 24 Causes the stored buffered log 
data to be sent to the host 
system. 

Read Forward 02 Causes the drive to read in a 
forward direction. 

Rewind 07 Causes the drive to rewind the 
tape to the load point. 

Rewind Unload OF Causes the drive to rewind the 
tape and unload the cartridge. 

Sense 04 Causes the CU to send 32 bytes of 
sense data to the host system. 

3480 MI EC336395 Channel Commands (Continued) 
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Channel Command Descriptions 

Assign (X'B7') 

The Assign command assigns the addressed drive to a specific 
channel path. This command takes the place of the physical 
partitioning switches that are present on tape subsystems of 
earlier design. The Assign command executes even if the 
addressed drive is not ready or if it is not installed in the 
subsystem. Once assigned, a drive can be used by the assigned 
channel paths only. If a command other than the four shown 
below as exceptions is sent to the drive along a channel path to 
which the drive is not assigned, a Unit Check (status bit 6) is set 
in the initial status for the command and Assigned (sense byte 0 
bit 7) is set. 

However, the following four commands can be sent to a drive 
over any channel path: 

• Control Access 

• Sense 

• Sense Path Group ID 

• Set Path Group ID 

The Assign command is a supervisor command. Therefore, if a 
Mode Set command that inhibits execution of supervisor 
commands precedes the Assign command, the Assign 
command fails, and Unit Check (status bit 6) and Command 
Reject (sense byte 0 bit 0) are set. 

The Assign command sends 11 bytes of information (named an 
argument) to the subsystem. These 11 bytes can contain all 
zeros, which assign the addressed drive to the single channel 
path over which the command was received. If the channel path 
is not grouped by a Set Path Group ID command, the control 
unit assumes that the group consists of a specific group of one 
channel path. If the 11 bytes contain non-zeros, they are 
interpreted as a path group ID, as determined by the Set Path 
Group ID command (described later in this section). The 
contents of the 11-byte argument are compared, and if they 
match a group of channel paths that have the same group ID, 
the addressed drive is assigned to all those channel paths. 
However, if no channel-path groups have the same path group 
ID, Unit Check (status bit 6) and Command Reject (sense byte 0 
bit 0) are set. The 11-byte argument does not have to match 
the path group ID of the channel path over which the Assign 
command is sent. A drive can be assigned to several channel 
path groups by several Assign commands. The assign is active 
immediately after each assign command completes processing. 

3480 MI EC336395 
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The assign can be removed in several ways: 

• Power-On-Reset in the control unit 

• System Reset on all assigned channel paths 

• Control Access command with hexadecimal 40 specified 

• Unassign command 

A system reset over a single channel path removes all drive 
assigns to that path. The set of assigned channel paths can be 
made over by a Set Path Group ID command (described later in 
this section). 

Note: A host can send the Assign command to a 
drive only when that drive is not assigned to any channel 
path, or when the drive has already been assigned to the 
channel path over which the Assign command is sent. If 
a host sends an Assign command, but the addressed 
drive is not assigned to the sending channel path, the 
command fails and Unit Check (status bit 6) and 
Assigned (sense byte 0 bit 7) are set. 

Backspace Block (X'27') 

The Backspace Block command causes the addressed drive to 
move the tape one data block in the backward direction. 

Backspace File (X'2F') 

The Backspace File command causes the addressed drive to 
move the tape one tape file in the backward direction. A tape 
file is the data written in an area of tape between two tape 
marks. 

Control Access (X'E3') 

The Control Access command permits a host system to have 
special use of a drive even if the drive is assigned to a different 
host system. This command executes even if the addressed 
drive is not ready or is not online in the subsystem. 

The special access can be used in the following ways: 

• To permit a host that already has assignment of a specific 
drive to make a password to permit another host to access 
the drive. 

• To permit a host that does not have assignment of a 
specific drive to send a channel program to that drive even if 
the drive would not normally execute a channel program 
from a host to which it is not assigned. The Control Access 
command executes only if it is either the first command in a 
chain of commands, or immediately after a Sense 
command, which is the first command in a chain of 
commands. A password that was assigned before must 
also be specified with this use of the Control Access 
command. 

Channel Commands (Continued) 

1 2 bytes of argument information must be sent from the host to 
the control unit when the Control access command is sent. If 
fewer than 12 bytes are sent, the Unit Check status bit and 
Command Reject sense bit are set to 1. If more than 12 bytes 
are specified, only the first 12 bytes are sent as the argument, 
and the Incorrect Length bit is set by the channel unless the 
Suppress Length Indication bit in the CCW is set to 1. 

The 12-byte argument has two parts. Byte 0 contains the 
mode-of-use code and must contain the values of hexadecimal 
00, 40, or 80. The remaining 11 bytes contain a password and 
should not contain all zeros, except when mode-of-use code 
hexadecimal 40 is specified. Mode-of-use code hexadecimal 40 
ignores the conte,lts of bytes 1 through 11. If byte 0 contains 
any value other than hexadecimal 00, 40, or 80, or if the 
remaining 11 bytes of the argument contain all zeros and the 
mode-of-use code is hexadecimal 00 or 80, the command is 
rejected, and Unit Check status bit and the Command Reject 
sense bit are set to 1. The mode-of-use codes are used as 
follows: 

• Set Password - Hexadecimal 00: Mode-of-use code 
hexadecimal 00 can be used only by a host that already has 
assignment of the addressed drive. The Control Access 
command sets up a password for the addressed drive. 
Then, another host can access the drive by specifying the 
correct password in a Control Access command. Once a 
password has been set up, it remains associated with the 
drive until all assignments of that drive are cleared. 

• Generalized Unassign - Hexadecimal 40: Mode-of-use 
code hexadecimal 40 clears the assignment of the 
addressed drive from all channel paths. 

If a password was set up by another Command Access 
command, the password in bytes 1 through 11 must match 
the password set up. If the passwords do not match, the 
command is rejected, and the Unit Check status bit and the 
Command Reject sense bit are set to 1. 

If the Control Access command is sent on a channel path 
that does not have assignment of the addressed drive, the 
command fails, and the Unit Check status bit and the 
Command Reject sense bit are set to 1. 

• Request Temporary Unassignment - Hexadecimal 80: 
Mode-of-use code hexadecimal 80 causes the Assign 
Protection to be stopped for a specific channel program. 
The password in bytes 1 through 11 are compared to the 
password that was set up by an earlier Control Access 
command using mode-of-use code hexadecimal 00. If the 
passwords match, the channel program is permitted to 
execute. 

Channel Commands (Continued) 
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Data Security Erase (X'97') 

The Data Security Erase command erases the data from the tape. 
The data is erased from that point of the tape when the command 
is sent to the physical end-of-tape. 

The Data Security Erase command must be command-chained 
from an Erase Gap command. If it is not, unit check (status bit 6) 
and command reject (sense byte 0 bit 0) are sel When the 
command is correctly command-chained, channel end (status bit 
4) is set during initial status, which disconnects the channel to 
perform other work during the erase operation. When the erase 
operation has completed processing, the channel is reconnected, 
and device end (status bit 5) is set. 

The Data Security Erase command cannot set unit exception 
(status bit 7). 

Erase Gap (X'17') 

The Erase Gap command writes a special pattern on 7.8 mm (0.3 
inch) of tape. 

Forward Space Block (X' 37') 

The Forward Space Block command causes the addressed drive 
to move the tape one data block in the forward direction. 

Forward Space Fiie (X'3F') 

The Forward Space File command causes the addressed drive to 
move the tape one tape file in the forward direction. A tape file is 
the data that is written in an area of tape between two tape 
marks. 

Load Display (X'9F') 

The Load Display command sends 17 bytes of data from the 
channel to the control unit. This data controls the message 
display (and the automatic cartridge loader feature) on the 
addressed drive. If the channel sends fewer than 17 bytes of 
data, the command fails, and unit check (status bit 6) and 
command reject (sense byte 0 bit 0) are sel If more than 17 
bytes of data are specified, the channel sends only the first 17 
bytes. 

After the 17 bytes of data are sent to the subsystem. channel end 
(status bit 4) is sent to the host. Device end (status bit 5) is sent 
to the host along with any error status after the message display 
has been loaded. 

The Load Display command is a supervisor command. If a Mode 
Set command, which inhibits supervisor commands, precedes a 
Load Display command in a command chain, the Load Display 
command fails, with unit check (status bit 6) and command reject 
(sense byte 0 bit 0) sel 
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Format Control Byte 

The format control byte is the first byte of the 17 bytes that were 
sent from the channel to the addressed drive. This byte controls 
the way the drive displays the remaining 16 bytes. 

Bits 0 - 2 New Message Overlay 

• When lit the messages in bytes 1-8 and 9-16 are overlayed 
with a drive message when the drive next starts tape motion. 

• Bit 1 overlays the messages in bytes 1-8 and 9-16 with a 
drive message only when the tape cartridge is physically 
removed from the drive. 

• Bi t 2 overl ays the messages in bytes 1-8 and 9-16 wi th a 
drive message only when the drive becomes ready. 

• Bits 0, 1, and 2 displays the messages in bytes 1-8 and 9-16 
until a tape cartridge has be~n physically removed from the 
drive. Then, display only the message in bytes 9-16 until the 
drive becomes ready. 

Bit 3, Alternate Messages 

When bit 3 is set to 0, lhe eh ive displays only the message that is 
specified in bit 5. 

When bit 3 is set to " the drive displays both messages specified 
in bytes 1-8 and 9-16, respectively, alternating them on the 
message display. When bit 3 is set to 1, bits 4 and 5 are ignored. 

Bit 4, Blink Message 

When bit 4 is set to 0, the message specified by the setting of bit 
5 is not blinked. 

When bit 4 is set to 1, the message specified by the setting of bit 
5 is displayed repeatedly for about 2 seconds with an interval of 
about 0.5 seconds between each display. Bit 4 is ignored when 
bit 3 is set to one. 

Bit 5, Display Low/High Message 

When bit 5 is set to 0, the message specified in bytes 1-8 is 
displayed. . 

When bit 5 is set to 1, the Ille$Sage ~pecified in bytes 9-16 is 
displayed. 

Bits 6, Reserved 

Bit 7, Load Type 

Bit 7 is valid only with an MVS operating system, an automatic 
cartridge loader feature installed on the drive, and U)e automatic 
cartridge loader mode ~wilch on its operator panel set 10 System. 

,. If these conditions are 110t met the setting of bit 7 is ignored. 

2. With the above conditions set, bit 7 set to 1 inhibits the 
message from appearing on the drive message display if the 
automatic cartridge loader is capable of performing the 
automatic load (a cartridge is available in the input stack and 
space is available in the output stack). The cartridge is 
loaded. 

If the automatic cartridge loader is not capable, the message 
""l'"\"~""r'" _'" +h_ "',..;,.0. '~~~C!''':II,..a ,",ie,."I~\I 

3. With the above conditions set, bit 7 set to 0 permits the 
message to appear on the drive message dif:rlay. 

The operator should handle messages on the drive message 
display as an action prompt. 

o 
After the 17 bytes of data are transferred to the subsystem, the 
channel end status bit is sent to the host. The device end status 
bit is sent to the host processor along with any error status after 
the host message has been sent to the drive. 

Locate Block (X' 4F') 

The Locate Block command positions the tape on the addressed 
drive to permit the host to write or read a specific block on the 
tape. 

Four bytes of data must be supplied to the control unit as an 
argument to the Locate Block command. These four bytes 
usually are the first four bytes of the block identifier, which were 
returned as a result of a Read Block ID command that was sent 
before. If fewer than four bytes are supplied, the unit check 
status bit and the command reject bit are set to 1, and the 
command fails. If more than four bytes are supplied. only the 
first four bytes are used. Whon a locate operation starts, the 
control unit disconnects from the channel and the drive. The 
drive then searches at high speed for the location specified. 
When the drive reaches the approximate location of the block, 
the control unit reconnects to the drjve, and the drive searches at 
recording speed for the specific data block or file mark that was 
requested. 

The control unit sends channel end status to the host after the 
Locate Block command argument is received. The device end 
status is sent to the host when the command completes the 
operation. A unit check status is sent along with the device end 
status if the specified block cannot be found. 

If the specific data block or file mark cannot be found. the control 
unit assumes that the user is moving the tape for a write 
operation. In this case, the drive searches for the data block or 
file mark that precedes the one specified in the Locate Block 
command argumenl The drive moves the tape after the 
preceding block or file mark so that the host can write the data 
block or file mark that is being located. However, if the control 
unit is not correct because a non-write operation is requested, 
the non-write command fails, and the unit check status bit and 
the locate block function failed sense bit are set to one. 

If the Locate Block command does not find the data block, the 
tape location is not known. However, the host system can use 
the Read Block ID command to determine the tape location 
relative to the start of tape. 

Mode Set (X'DB') 

The Mode Set command sends one byte of mode control 
information from main storage to the control unit. All controls 
specified by the Mode Set command (except tape format, bits 0 
and 1) are only in effect for the commands in the chain following 
the Mode Set command. If the subsystem does not receive a 
Mode Set command before the current executing command. the 
default values are assumed. The Mode Set command is a 
supervisor command. If another Mode Set command inhibits 
supervisor commands in a command chain in which a second 
Mode Set command appears, the second Mode Set command 
fails, and the unit check status bit and the command reject sense 
bit are set to one. 

Thie ,..n"","",~nrf t~ n.or.rfnrrnp,.t ~,/~n thnllnh th~ ~nrirp~c:.pn rtr; \/t:3 ; ~ 

not ready or is not online in the subsystem. 

The format of the byte of mode control information that is sent 
from main storage to the control unit is as follows: 

Bits 0 and 1 • Tape Format: These bi ts must contai n X' 00' , which 
is the default value. If a combination other than X '00' is 
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specified, the command fails. and the unit check status bit and 
the command reject sense bi t art" !On! to one. 

These bits have meaning only if th~ tape is located at the 
beginning-of-tape (BOT). The first command that causes the tape 
to move must be a write-type command. 

Bit 2 - Write Mode: Bit 2 is set to zero to cause execution in 
buffered write mode, and set 10 one to cause execution in tape 
write mode. The default value is zero. 

Bit 3 - Inhibit Supervisor Commands: When a zero is specified in 
this bit, any supervisor command can execute after this Mode Set 
command appears in a command chain. When a one is specified 
in this bit, any supervisor command that appears after this Mode 
Set command fails, and the unit check status bit and command 
reject sense bit are set to one. , , 

I'YrIPfbv~~ c.~\it, 
Bit 4 -"fxteR"..,Data RecordingJ:m:m8t Mode: Bit 4 is set to 1 to 
turn on the.sxlE !.led data recording format for the next write 
operation. ,~V_ 

Bits 5 through 7 - Reserved: The values in these bits should be 
set to O. 

No-Operation (NOP) (X' 03') 

The No-Operation (NOP) command call!':"s no operations to be 
performed in the drive. The control unit sets channel end (status 
bit 4) and device end (status bit 5) when it receives a NOP 
command. 

Channel Commands (Continued) OPER 165 
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Channel Commands (Continued) 

Data Security Erase (X'97') 

The Data Security Erase command erases the data from the 
tape. The data is erased from that point of the tape when the 
command is sent to the physical end of tape. 

The Data Security Erase command must be command-chained 
from an Erase Gap command. If it is not, Unit Check (status bit 
6) and Command Reject (sense byte 0 bit 0) are set. When the 
command is correctly command-chained, Channel End (status 
bit 4) is set during initial status, which disconnects the channel 
to perform other work during the erase operation. When the 
erase operation has completed processing, the channel is 
reconnected, and Device End (status bit 5) is set. 

The Data Security Erase command cannot set Unit Exception 
(status bit 7). 

Erase Gap (X'17') 

The Erase Gap command writes a special pattern on 7.S mm 
(0.3 inch) of tape. 

Forward Space Block (X'37') 

The Forward Space Block command causes the addressed drive 
to move the tape one data block in the forward direction. 

Forward Space File (X'3F') 

The Forward Space File command causes the addressed drive to 
move the tape one tape file in the forward direction. A tape file 
is the data that is written in an area of tape between two tape 
marks. 

Load Display (X'9F') 

The Load Display command sends 1 7 bytes of data from the 
channel to the control unit. This data controls the message 
display (and the automatic cartridge loader feature) on the 
addressed drive. If the channel sends fewer than 17 bytes of 
data, the command fails, and Unit Check (status bit 6) and 
Command Reject (sense byte 0 bit 0) are set. If more than 17 
bytes of data are specified, the channel sends only the first 1 7 
bytes. 

After the 17 bytes of data are sent to the subsystem. Channel 
End (status bit 4) is sent to the host. Device End (status bit 5) 
is sent to the host along with any error status after the message 
display has been loaded. 

The Load Display command is a supervisor command. If a Mode 
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Format Control Byte 

The format control byte is the first byte of the 1 7 bytes that 
were sent from the channel to the addressed drive. This byte 
controls the way that the drive displays the remaining 16 bytes. 

Bits 0 - 2 New Message Overlay 

• When lit the messages in bytes 1 -S and 9-16 are overlayed 
with a drive message when the drive next starts tape 
motion. 

• Bit 1 overlays the messages in bytes 1-S and 9-16 with a 
drive message only when the tape cartridge is physically 
removed from the drive. 

• Bit 2 overlays the messages in bytes 1-S and 9-16 with a 
drive message only when the drive becomes ready. 

• Bits O. 1. and 2 displays the messages in bytes 1-S and 
9-16 until a tape cartridge has been physically removed 
from the drive. Then, display only the message in bytes 
9-16 until the drive becomes ready. 

Bit 3, Alternate Messages 

When bit 3 is set to 0, the drive displays only the message that 
is specified in bit 5. 

When bit 3 is set to 1. the drive displays both messages 
specified in bytes 1-8 and 9-16. respectively. alternating them 
on the message display. When bit 3 is set to 1. bits 4 and 5 
are ignored. 

Bit 4, Blink Message 

When bit 4 is set to O. the message specified by the setting of 
bit 5 is not blinked. 

When bit 4 is set to 1. the message specified by the setting of 
bit 5 is displayed repeatedly for about 2 seconds with an interval 
of about 0.5 seconds between each display. Bit 4 is ignored 
when bit 3 is set to 1. 

Bit 5, Display Low / High Message 

When bit 5 is set to O. the message specified in bytes 1-S is 
displayed. 

When bit 5 is set to 1. the message specified in bytes 9- 1 6 is 
displayed. 

Bits 6. Reserved 
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1. If these conditions are not met the setting of bit 7 is 
ignored. 

2. With the above conditions set. bit 7 set to 1 inhibits 
the message from appearing on the drive message 
display if the automatic cartridge loader is capable of 
performing the automatic load (a cartridge is available 
in the input stack and space is available in the output 
stack). The cartridge is loaded. 

If the automatic cartridge loader is not capable. the 
message appears on the drive message display. 

3. With the above conditions set. bit 7 set to 0 permits 
the message to appear on the drive message display. 

The operator should handle messages on the drive 
message display as an action prompt. 

After the 1 7 bytes of data are transferred to the 
subsystem. the channel end status bit is sent to the host. 
The device end status bit is sent to the host processor 
along with any error status after the host message has 
been sent to the drive. 

Locate Block (X'4F') 

The Locate Block command positions the tape on the 
addressed drive to permit the host to write or read a 
specific block on the tape. 

4 bytes of data must be supplied to the control unit as an 
argument to the Locate Block command. These 4 bytes 
usually are the first 4 bytes of the block identifier. which 
were returned as a result of a Read Block 10 command 
that was sent before. If fewer than 4 bytes are supplied, 
the Unit Check status bit and the Command Reject bit are 
set to 1. and the command fails. If more than 4 bytes are 
supplied, only the first 4 bytes are used. When a locate 
operation starts. the control unit disconnects from the 
channel and the drive. The drive then searches at high 
speed for the location specified. When the drive reaches 
the approximate location of the block. the control unit 
reconnects to the drive. and the drive searches at 
recording speed for the specific data block or file mark 
that was requested. 

The control unit sends channel end status to the host 
after the Locate Block command argument is received. 
The device end status is sent to the host when the 
command completes the operation. A unit check status is 
sent along with the device end status if the specified block 
cannot be found. 

located. However. if the control unit is not correct 
because a non-write operation is requested. the non-write 
command fails. and the Unit Check status bit and the 
Locate Block Function Failed sense bit are set to 1. 

If the Locate Block command does not find the data block. 
the tape location is not known. However. the host can 
use the Read Block 10 command to determine the tape 
location relative to the start of tape. 

Mode Set (X'OB') 

The Mode Set command sends 1 byte of mode control 
information from main storage to the control unit. All 
controls specified by the Mode Set command (except tape 
format. bits 0 and 1) are only in effect for the commands 
in the chain following the Mode Set command. If the 
subsystem does not receive a Mode Set command before 
the current executing command. the default values are 
assumed. The Mode Set command is a supervisor 
command. If another Mode Set command inhibits 
supervisor commands in a command chain in which a 
second Mode Set command appears. the second Mode Set 
command fails. and the Unit Check status bit and the 
Command Reject sense bit are set to 1. 

This command executes even if the addressed drive is not 
ready or is not on-line in the subsystem. 

The format of the byte of mode control information that is 
sent from main storage to the control unit is as follows: 

Bits 0 and 1 - Tape Format: These bits must contain 00. 
which is the default value. If a combination other that 00 
is specified. the command fails. and the Unit Check status 
bit and the Command Reject sense bit are set to 1. 

These bits have meaning only if the tape is located at the 
beginning-of-tape (BOT). The first command that causes 
the tape to move must be a Write-Type command. 

Bit 2 - Write Mode: Bit 2 is set to zero to cause execution 
in buffered write mode. and set to one to cause execution 
in tape write mode. The default value is zero. 

Bit 3 - Inhibit Supervisor Commands: When a zero is 
specified in this bit. any supervisor command can execute 
after this Mode Set command appears in a command 
chain. When a one is specified in this bit. any supervisor 
command that appears after this Mode Set command fails. 
and the Unit Check status bit and Command Reject sense 
bit are set to 1. 
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Load Display command in a command chain, the Load Display 
command fails, with Unit Check (status bit 6) and Command 

Bits 4 through 7 - Reserved: The values in these bits 

Reject (sense byte 0 bit 0) set. 

3480 MI EC336395 
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Bit 7 is valid only with an MVS operating system. an 
automatic cartridge loader feature installed on the drive. 
and the automatic cartridge loader mode switch on its 
operator panel set to System. 

control unit assumes that the user is moving the tape for a 
write operation. In this case. the drive searches for the 
data block or file mark that precedes the one specified in 
the Locate Block command argument. The drive moves 
the tape after the preceding block or file mark so that the 
host can write the data block or file mark that is being 

No-Operation (NOP) (X'03') 

The No-Operation (NOP) command causes no operations 
to execute in the drive. The control unit sets Channel End 
(status bit 4) and Device End (status bit 5) when it 
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Read Backward (X'OC') 

Read Backward is similar to Read Forward, except that the tape 
moves in a backward direction. The data is passed to the 
channel in a backward sequence and the channel must place it in 
the correct sequence in the host system storage. 

The control unit will pre-read data in the backward direction in 
the same way as in the forward direction. See "Read Forward" 
in this section. 

Read Block ID (X'22') 

The Read Block ID command sends two 4-byte block identifiers 
to the host system. If the host requests fewer than 8 bytes, 
only the requested number of bytes are sent. If the host 
requests more than 8 bytes, the control unit sends only 8 bytes. 

The Read Block ID command executes even if the addressed 
drive is not ready, or if it is not on-line in the subsystem. 

The bits in each 4-byte block identifier are identified from high 
order to low order, with the higher-order bits having lower bit 
position values. 

BIT 
POSITION 

31-12 

11-8 

7-1 

o 

DESCRIPTION 

Logical block position 

Reserved, always zero 

Physical reference value 

Reserved, always zero 

The physical reference value (bits 1 through 7) identifies the 
approximate physical location of a data block or file mark on a 
tape. The physical reference value of the block IDs for the next 
two data blocks or file marks mayor may not be the same. The 
first data block or file mark after the tape cartridge is loaded has 
a physical reference value of hexadecimal 01 . 

The last 20 bits (bits 12 through 31) of a block 10 contain the 
sequential count of the data block or file mark on the active 
tape. The first data block or file mark after the load point is 
sequential count zero. A block ID identifies a data block or file 
mark from the host, and does not see the buffer action of the 
control unit. 

The block 10 at any point of processing is the next data block or 
file mark that appears to the host to be on the tape between the 
current data block or file mark and the physical end of tape. The 
first block ID describes the data block that is about to be passed 
between the host and the subsystem in either read or write 
mode. In read-backward mode, the first block 10 describes the 
latest data block sent to the host. 

3480 MI EC338395 
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The second block 10 describes to the host: 

• 

• 

The next data block that is to be written to the tape from 
the control unit buffer for write mode. 

The next data block that is to be read from the tape to the 
control unit for read mode. 

The latest data block that was read from the tape to the 
control unit buffer for read-backward mode. 

If the control unit is not performing any pre-buffer operations, 
the first and second block IDs are the same. 

The value of the difference between the logical block position 
part of the two block IDs indicates the number of data blocks in 
the control unit buffer when the Read Block 10 command is 
executed. The result of subtracting the logical block position 
part of the second block 10 from the logical block position of the 
first block 10 indicates the direction of tape movement before 
the Read Block ID command was sent. If the result is negative, 
the control unit buffer is in read mode. If the result is positive, 
the control unit buffer is in write or read-backward mode. If the 
logical block position parts of both block IDs are the same, the 
control unit is not performing any pre-buffer operations. 
Examples: 

Write Commands Precede the Read Block ID Command: 

The first block 10 identifies the next block that the host will 
write. The second block 10 identifies the next block that the 
control unit buffer will write to the tape. The result is positive, 
which indicates that four blocks of data are in the buffer and the 
direction is forward. 

Read Commands Precede the Read Block ID Command: 

The first block 10 identifies the next block that the host will read. 
The second block 10 identifies the next block that is to be read 
from the tape to the control unit buffer. The result is negative, 
which indicates that four blocks of data are in the buffer and the 
direction is forward. 

Read-Backward Commands Precede the Read Block 10 
Command: 

The first block 10 identifies the next block that the host will read 
in the forward direction. The second block ID identifies the 
latest block that was read from the tape to the control unit 
buffer. Because the result is positive, there are four blocks in 
the buffer and the tape movement is in the backward direction. 

~) {) 
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The control unit assumes that the Read, Write, or 
Read-Backward commands will continue. The next operation 
that is not a command that the control unit expects, causes 
pre-buffered write data to be written to tape, or causes 
pre-buffered read data to be erased. The tape is then located at 
the point necessary to execute the unexpected command. The 
unexpected command is held in the subchannel by a channel 
command retry until the control unit completes the operations 
necessary to execute it. When the control unit receives a 
command that is not the expected command, no pre-buffering of 
read data is performed until the beginning-of-tape (BOT) is 
indicated, a Locate command is executed, or a tape mark is read 
or written. 

Read Buffer (X'12" 

The Read Buffer command causes the host to get the buffered 
write-type data that the control unit has not yet written to tape. 
For each Read Buffer command, the host receives one block of 
data in a first in/first out sequence until the buffer for the 
addressed drive is empty. This command is usually sent by the 
host when the drive or subsystem has an error, and cannot write 
data from the buffer to the tape. 

The Read Buffer command executes even if the drive is not 
ready, or is not on-line in the subsystem. 

The block identifier is the first data block that is received from 
the buffer. If the host receives all the buffered data blocks from 
the control unit, the block identifier accurately identifies the next 
data block that is to be written on the tape. However, if the 
host does not receive all the data blocks, the block identifier is 
not accurate. 

To ensure that all of the data block is received from the control 
unit buffer, the channel command words (CCWs) for the Read 
Buffer command can be made to cause the host to read the data 
back from the control unit, using the value in sense byte 31. 
Sense byte 31 contains a count of 4,096-byte blocks of data 
that are in the control unit buffer for the addressed drive. Sense 
byte 31 indicates the amount of main storage that the host 
must have to receive the buffered data. 

The Read Block 10 command can determine the number of data 
blocks that are in the control unit buffer. This information sets 
the number of Read Buffer commands to execute. 

Note: Data blocks larger than 131,067 bytes are 
written from the host using the tape synchronous mode 
only. When writing in tape synchronous mode or tape 
write mode, a Read Buffer command cannot get the 
data block. The block identifier that is returned by the 
Read Block 10 command immediately after a tape 
synchronous mode or tape write mode write error 
contains a count of the completed data blocks that have 
been sent across the channel. This enables the host 
error recovery routines to know how many data blocks 
were written on the tape before the failure. For such an 
event, the record is complete when the error occurs, and 
the host error recovery routines can start the Write 
command again. 
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Perform Subsystem Function (X'77') 

The ~rform subsystem function command is used to pass 
control information from the control program to the subsystem. 
The command passes a variable amount of data depending on 
the order being executed. If the channel transfers more bytes 
than the the orCier requires only the number of bytes r~ulred by 
the order are accep.tea. If the channel transfers less bytes than 
required for the order of if the command contains an undefined or 
invalid orde!:zAunit check status is jY.esented with sense data 
indicating EI'(/o\ 27 (command reject). A minimum of two bytes 
must be fransferred for every order. 

BYTE 
BYTE 0 

BYTE 1 
BYTE 2 

ORDER 
X'80' - Active forced error logging 
X'81' - Deactivate forced error logging 
X'82' - Activate logical write protect 
X'83' - Deactivate lorced write protect 
X'90' - Test device 
FI ag reserved - must be 0 
Parameters if any. See order definition. 

Activate Forced Error Logging Order 

This order requires one parameter byte in addition to the flag 
byte passed with the command. 

BYTE 2 ACTIVATION MODE 
X'01' - Implicit activation (all devices) 
X'02' - Explicit activation (addressed device) 

Deactivate Forced Error Logging Order 

This order requires one order parameter byte n addition to the 
flag byte passed with the command. 

BYTE ~ DEACTIVATION MODE 
X'01' - Implicit deactivation (all implicitly 
activated devices) 
X'02' - Explicit deactivation (addressed device) 

Activate Logical Write Protect 

This .order activates the logical write protect facility and does not 
require a parameter byte. 

Deactivate Logical Write Protect 

This order deactivates the logical write protect facility and does 
not require a parameter byte. 

Test Device 

This order is equivalent to the No-operation function of the load 
display command. It can be issued at anytime to verify the state 
of the (jevice and does not require a parameter byte. 

3480 MI EC A57723 
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Read Backward (X' DC' ) 

A Read Backward command is similar to the Read Forward 
command, except that the tape moves in a backward direction. 
The data is passed to the channel in a backward s~uence and 
the channel must place it in the correct sequence in the host 
system storage. 

The control unit will pre-read data in the backward direction in 
the same way as in the forward direction. See "Read Forward" 
in this section. . 

Read Block ID (X' 22 ' ) 

The Read Block 10 command sends two 4 byte block identifiers to 
the host system. If the host system r~uests fewer than eight 
bytes, only the requested number of bytes are sent. If the fiost 
requests more than eight bytes, the control unit sends only eight 
bytes. 

The Read Block ID command is ~rformed even though the 
addressed drive is not ready, or if it is not on-line in tlle 
subsystem. 

The bits in each 4-b~e block identifier are identified from high 
order to low order, with the higher-order bits having lower I:jlt 
position values. 
BIT 
POSmON 
o 
1-7 
8-9 

10-31 

DESCRIPTION 
Reserwct;always 0 
Physical reference value 
Format mode 

00 = 3480 format 
01 - Reserved 
10 ... ~~mprowct Data Recording 
ea,aelty C.,~~\,~ 
11 - Reserved 

Local block number 

The physical reference value (bits 1 thro~h 7) identifies the 
approximate physical location of a data block or file mark on a 
tape. The Dhysical reference value of the block IDs for the next 
two data brocKs or file marks mayor may not be the same. The 
first data block or file mark after the tape cartridge is loaded has 
a physical reference value of X '0,'. 

The last 22 bits (bits 10 through 31) of a block ID contain the 
sequential count of the data t>lock or file mark on the active ta~. 
The first data block or file mark after the load point is sequential 
count zero. A block 10 identifies a data block or file marl( from 
the host, and does not see the buffer action of the control unit. 

The block 10 at any point of processing is the next data block or 
file mark that appears to the host system to be on the taP.8 
between the current data block or file mark and the physical end 
of tape. The first block ID describes the data block that is about 
to be passed between the host system and the subsystem in 
either read or write mode. In read backward mode the first 
block ID describes the latest data block sent to the host system. 

The second block ID describes to the host: 
• The next data block that is to be written to the tape from the 

control unit buffer for write mode. 
• The next data block that is to be read from the tape to the 

control unit for read mode. 
• The latest data block that was read from the tape to the 

control unit buffer for read backward mode. 

!,f _t!1e_ <:~.n!~~ _~~tJ,~ ~,~~R~r~!,!,~~g_ ~~_ pre-buffer operations, the 
"i at aiiO aUOUlia DIOO'( 'UO us U "'0 GUIliC. 
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The value of the difference between the logical block P.Qsition 
p'art of the two block IDs indicates the number of data blocks in 
the control unit buffer when the Read Block 10 command is 
executed. The result of subtracting the l!lIIical block PQsition part 
of the second block 10 from the logical block position of the first 
block 10 indicates the direction oftapa movement before the 
Read Block ID command was sent If the result is negative, the 
control unit buffer is in read mode. If the result is positive, the 
control unit buffer Is in write or read-backward mode. If the 
logical block position parts of both block IDs are the same, the 
control unit is not performing any pre-buffer operations. 

Examples: 
Write Commands Precede the Read Block 10 Command: 
The first block 10 identifies the next block that the host will 
write. The second block 10 identifies the next block that the 
control unit buffer will write to the ta~. The result is 
positive, which indicates that four blocks of data are in the 
buffer and the direction is forward. 
Read Commands Precede the Read Block 10 Command: 
The first block ID identifies the next block that the host will 
read. The second block 10 identifies the next block that is to 
be read from the tape to the control unit buffer. The result is 
negative, which indicates that four blocks of data are in the 
buffer and the direction is forward. 
Read-Backward Commands Precede the Read Block 10 
Command: 
The first block 10 identifies the next block that the host will 
read in the forward direction. The second block ID identifies 
the latest block that was read from the tape to the control 
unit buffer. Because the result is positive, there are four 
blocks in the buffer and the tape movement is in the 
backward direction. 

The control unit assumes that the Read, Write, or Read Backward 
commands will continue. The next operation that is not a 
command that the control unit expects, causes pre-buffered write 
data to be written on tape, or causes pre-buffered read data to be 
erased. The tape is then ocated at tile point necessary to 
execute the unexpected command. The unexP.8Cted command is 
held in the subchannel by a channel command retry until the 
control unit comrletes the operations necessary to execute it 
When the contra unit receives a command that is not the 
expected command, no pre-buffering of read data is performed 
until the beginning-of-tape (BOT) is Indicated, a Locate command 
i. performeCl, or a tape mark is read or written. 

Read Buffer (X'12') 

The Read Buffer command causes the host system to get the 
buffered write-type data that the control unit has not yet written to 
tape. For each "Read Buffer command the host receives one 
block of data in a first in/first out (FIFO) sequence until the buffer 
for the addressed drive is empty. This command is usually sent 
by the host when the drive or subsystem has an error, and 
cannot write data from the buffer to the tape. 
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The Read Buffer command is performed even though the drive is 
not ready, or is not on-line in the subsystem. 

The block identifier is the first data block that is received from 
the buffer. If the host system receives all the buffered data 
blocks from the control unit, the block identifier accurately 
identifies the next data block that is to be written on the tape. 
However, if the host does not receive all the data blocks, the 
block identifier is not accurate. 

To ensure that all of the data block is received from the control 
unit buffer, the channel command words (CCWs) for the Read 
Buffer command can be made to cause tlie host to read the data 
back from the control unit, using the value in sense byte 31. 
Sense byte 31 contains a count of X' 1000' (4,096) byte blocks of 
data that are in the control unit buffer for the addressed drive. 
Sense byte 31 indicates the amount of main storage that the host 
must have to receive the buffered data. 

The Read Block 10 command can determine the number of data 
blocks that are in the control unit buffer. This information sets 
the number of Read Buffer commands to execute. 

Read Device Characteristics - (X'64') 

A read device characteristics command causes up to 64 bytes if 
data to be transferred to the channel. 

BVTE 
0-1 
2 

2-4 
6-8 
9 

10 
11 
12-39 
40 
41 
42-63 

Note: 

CHARACTERISTICS 
Control unit ty~ X'3480' 
Control unit mOdel-

X'11'-A11 
X'22' = A22 

Drive type - X'3480' 
Binary 0'5 
Drive and Control unit features -

Bit 0 = Automatic cartridge loader 
Bit 1 == Reserved 
Bit 2 == PSF base sup~rt 
Bit 3 throug~ 7 reserved 

Device class code 1~'80') 
D!3vice !\'P8 code (X'80') 
Blnar'lO s 
MDR Record ID for device ()(:'41') 
OBR Record ID for device (X'80') 
BinaryO's 

Data blocks larger than 131,067 bytes are written from the 
host using the tape synchronous mode only. When writing 
in tape synchronous mode or ta~ write mode, a Read 
Buffer command cannot get the data block. Tlie block 
identifier that is returnecfby the Read Block 10 command 
immediately after a ta~ synchronous mode or ta~ write 
mode write error contains a count of the competed data 
blocks that have been sent across the channel. This 
enables the host system error recovery routines to know 
how mal'!Y data blocks were written on the ta~ before the 
failure. For such an event, the record is complete when 
the error occurs, and the host system error recovery 
routines can start the Write command again. 
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Channel Commands (Continued) 

Read Buffered Log (X'24') 

The Read Buffered Log command sends 32 bytes of buffered log 
data (sense information, format 21) to the host from the control 
unit for the addressed drive. 

The Read Buffered Log command executes even if the Rddressed 
drive is not ready or is not on-line in the subsystem. 

Read Forward (X'02') 

The Read Forward command causes the drive to read a block of 
data into the control unit data buffer. Then the control unit 
sends the data over the host system channel one byte at a time 
at the channel data rate. The byte count in the channel 
command word (CCW) may not equal the length of the data 
block. When the channel stops requesting data bytes, the 
control unit may discard any data remaining in the data buffer. 

If a tape mark is read instead of a data block, a unit exception is 
sent by the control unit and no data is read. 

After receiving the Read command, the control unit will 
disconnect from the channel by sending a Channel End and 
Device End or a channel command retry. This is done to let the 
channel to perform other host system work while the data is 
being read into the data buffer. 

After the first Read command to a drive, the control unit will 
pre-read data blocks from the tape and hold them in the data 
buffer. 

Rewind (X'07') 

The Rewind command rewinds the tape to the start of tape. 
The control unit sets Channel End (status bit 4) in initial status 
and disconnects itself from the channel during the rewind 
operation. When the rewind operation has completed, the 
control unit sends Device End (status bit 5) and error status 
information, if any, to the host. 

Rewind Unload (X'OF') 

The Rewind Unload command rewinds the tape into the 
cartridge, which permits the cartridge to be removed from the 
drive. 
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Sense (X'04') 

The Sense command sends 32 bytes of sense information 
(format 20) to the host. The host should send the Sense 
command ~'vhen the control unit sets the Unit Check status bit. 

Note: Until the host that received the Unit Check 
status bit sends a command other than Test I/O or NOP, 
a contingent connection is maintained from the control 
unit for the addressed drive to that host. Until the 
contingent connection is cleared, the addressed drive 
appears to be busy to any other host that attempts to 
address the drive. 

Sense liD (X'E4') 

The Sense I/O command sends seven bytes of identification 
information to the host. This information identifies the 
subsystem by drive and model number. 

This command executes even if: 

• Intervention required (sense byte 0 bit 1) is on 

• The addressed drive is not ready (no tape cartridge is 
loaded) 

• The addressed drive is not installed in the subsystem 

The format of the seven bytes is as follows: 

BYTE DESCRIPTION OF CONTENTS 

o Hexadecimal FF 

1-2 Control Unit Type Number 

3 Control Unit Model Number 

4-5 Tape Drive Type Number 

6 Tape Drive Model Number 

Sense Path Group ID (X'34') 

The Sense Path Group 10 command sends 12 bytes of channel 
path information from the control unit to the channel. The first 
byte is the path-state byte, and the remaining 11 bytes contain 
the path-group identifier. The bit assignments of the path-state 
byte are: bits 0 and 1 contain the grouping status, bits 2 and 3 
contain the assignment status, bit 4 contains the mode status, 
and bits 5 through 7 are reserved and contain all zeros. 

o o o o o 
Channel Commands (Continued) OPER 175 

Set Path Group ID (X'AF') 

The Set Path Group 10 command identifies a host system and 
specific channel path to the addressed drive. The subsystem 
can then determine which host system to reconnect to over 
different channel paths. This path group 10 is also used as the 
argument by the Assign command. The Set Path Group 10 
command is especially useful when the subsystem is shared by 
more than one host in that each host has a special path group 
10. 

The host must specify the Set Path Group 10 command to each 
drive that it wants to use, and the command must be sent over 
each channel path to be used when addressing that drive. For 
example, if a drive can be used as address 181 or 281 from the 
same host using two different channel paths, the Set Path Group 
10 command must be sent to that drive once for each channel 
path. 

A drive cannot recognize a path group 10 until a Set Path Group 
10 command has been sent to it over each channel path it can 
use. If a channel path is not identified as part of a path group 
10, the drive assumes the path to be a single, special path 
group. 

The Set Path Group 10 command must not be included in a 
channel command word (CCW) chain with other commands. If 
the Set Path Group 10 command is CCW-chained after another 
command, the Set Path Group 10 command fails, and Unit 
Check (status bit 6) and Command Reject (sensp. byte 0 bit 0) 
are set. In addition, if the Set Path Group 10 command has 
another command CCW-chained after it, the Set Path Group 10 
command executes, but the following chained command fails, 
and Unit Check (status bit 6) and Command Reject (sense byte 
Obit 0) are set. The Set Path Group 10 command executes 
even if: 

The addressed drive is not in the ready state (no tape 
cartridge is loaded). 

• The addressed drive is not installed in the subsystem. 

• The addressed drive has not been assigned to the channel 
path over which the command was received. 

The Set Path Group 10 command sends 1 2 bytes of path group 
10 information from the host to the addressed drive. If fewer 
than 12 bytes are sent to the control unit, the command fails, 
and Unit Check (status bit 6) and Command Reject (sense byte 
Obit 0) are set. If more than 12 bytes are specified in the 
CCW, only the first 12 bytes are sent from the host. 

Suspend Multip.th Reconnection (X'5B') 

The Suspend Multipath Reconnection command is a supervisor 
command used in a channel program. This command causes 
the addressed drive to have a connection with the channel path 
over which the command is received, but only for the length of 
time the channel program that it is a part of is active. Therefore, 
all the status information and data for the channel program are 
sent to and from the host system along the channel path that 
was used to send the Suspend Multipath Reconnection 
command. Any multipath dynamic path definitions are ignored. 

If an earlier Mode Set command inhibited supervisor commands 
in the channel program in which the Suspend Multipath 
Reconnection command appears, the Suspend Multipath 
Reconnection command fails, and Unit Check (status bit 6) and 
Command Reject (sense byte 0 bit 0) are set. 

This command executes even if the addressed drive is not ready 
or is not on-line in the subsystem. 
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Synchronize (X'43') 

The Synchronize command causes synchronization between the 
drive and the host processor after buffered operations. This 
command ensures that, during a buffered write operation, all the 
buffered data is written on the tape and the tape is moved to 
receive the next record. The command completes execution 
only after all I/O operations for the addressed drive have 
completed processing and all the write data is moved from the 
buffer to the tape. 

When write-type data has to be written from the buffer to the 
tape before the Synchronize command can complete execution, 
the data channel is disconnected by channel command retry. 

The Synchronize command is normally used by the system 
control program before a tape volume is closed. Therefore, you 
do not usually have to specify the Synchronize command. 

Other commands sent by the host that perform the same 
operation as a synchronize operation are: 

• Write Tape Mark 

• Erase Gap 

• Locate Block 

• Rewind 

• Rewind Unload 

• Any space command, such as Forward Space Block 

• Any read-type command that follows a write-type command 

As a result of the Synchronize command, no data is sent on the 
channel path. However, the Synchronize command is not used 
as an immediate command as defined in System/370 Principles 
of Operation. 

Note: The System/370 channel does not permit a 
zero-count field in a CCW. However, because no data is 
sent as a result of the Synchronize command and 
because the Synchronize command is not an immediate 
command, the non-zero length in the CCW normally 
causes an incorrect-length indication to appear in the 
CSW when the command completes execution. 
Therefore, when the Synchronize command is 
programmed, the Suppress Length Indication bit should 
be set to 1 in the CCW. 

T.st I/O (X'OO') 

The Test I/O command causes the status of the addressed drive 
to be sent to the host. The status byte is sent to the host 
system dwing the initial selection sequence. 

If e.lier status is waiting or stacked, that status is given in 
response to the Test I/O command. If no status is stacked and 
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the addressed drive is not ready, a Unit Check status bit is set 
along with other status, if any. 

The Test I/O command does not reset any contingent 
connections. 

Note: The Test I/O (TIO) host instruction sends the 
Test I/O command to the control unit. If an all-zero 
command code is used in a channel program, that 
command is invalid and results in a channel program 
check. 

Unassign (X'e7') 

The Unassign command terminates an earlier assignment of the 
addressed drive to the exclusive use of a channel path or channel 
path group. The command must be sent over a channel path to 
which the addressed drive was assigned before. When the 
Unassign command is sent over a channel path to which the 
addressed drive was assigned before, it is executed even if the 
drive is not ready or off-line. If the Unassign command is sent 
over a channel path to which the addressed drive was not 
assigned, the Unassign command causes Unit Check (status bit 
6) and Command Reject (sense byte 0 bit 0) to be set. 

The Unassign command is a supervisor command. Therefore, if 
a Mode Set command that inhibits execution of supervisor 
commands precedes the Unassign command, the Unassign 
command fails, and Unit Check (status bit 6) and Command 
Reject (sense byte 0 bit 0) are set. 

The Unassign command passes 11 bytes of information (named 
an argument) to the subsystem. These 11 bytes can contain all 
zeros, which release the addressed drive from the assignment to 
the channel path group over which the command was received. 
If the channel path over which the command was received was 
not grouped by a Set Path Group ID command before, the 
control unit assumes that the group consists of a special group 
of one channel path. 

() 
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If the 11 bytes contain non-zeros, they are interpreted as a 
channel path group ID as set up by the Set Path Group ID 
command (described earlier in this section). The contents of the 
11-byte argument are compared to the channel path group ID 
assigned before, and the drive is released from those channel 
paths that have the same path group ID. However, if the 
addressed drive is not assigned to a channel path group ID that 
matches the one specified in the Unassign argument, Unit Check 
(status bit 6) and Command Reject (sense byte 0 bit 0) are set. 
The Unassign command does not have to contain an argument 
that matches the channel path group ID for the channel path 
over which the Unassign command was sent. 

Note: The Unassign command can be sent from any 
host processor along any assigned channel path and can 
release the addressed drive from any correctly specified 
channel path, even if that channel path is attached to 
another host. 

Write (X '0 1') 

The Write command causes data to be written from the host to 
the addressed drive. The control unit buffer makes up for the 
difference in data rate between the channel and the drive. 

Note: The drive writes variable length data on the 
tape. However, the drive does not keep a count of the 
number of bytes written. This says that a Write 
command from the host must be programmed with the 
Suppress Length Indication bit set to 1 in the Channel 
Command Word (CCW). If this bit is not set to 1, the 
channel sends an incorrect length signal to the host. 

The Write command sends an initial status of zero and an 
ending status when both Channel End and Device End bits are 
set. 

Write Tape Mark (X'1F') 

The Write Tape Mark command writes a special pattern on the 
tape. One tape mark separates two files; two tape marks 
indicate the end of the tape. 

Note: A block ID is assigned to a tape mark when it is 
read or written, but the block ID is not physically written 
on the tape. 
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Control Unit to Drive Operation 

To start an I/O operation to the drive an initial selection of the 
drive is first performed. 

Note: Control units send commands, drive addresses, 
and write data across the device control bus (DCB) and 
receive the drive address (complemented) and status 
information from the drives across the DCB. Control 
units receive read data from the drives across the read 
data bus. 

Initial Selection 

To start an initial selection sequence the control unit activates 
'select out' II to the drive by setting bit 0 of the device tag 
register (DTR). The DTR is an external register that is used by 
the microcode to transfer control tags to and from the drive 
across the DCB. Each drive removes its own 'alert' EI by 
testing for the device control bus being clear. 

Note: An alert is a signal given by the drive and is 
used to gain the attention of the control unit after the 
completion of a disconnected drive operation. 

When the DCB is cleared of 'alerts' the control unit places the 
drive address on the bus and activates 'address out' II by 
setting bit 1 of the DTR. 

The control unit sets bit 2 of the OCR II and switches the 
bi-directional bus to the send (write) mode. The drive address 
on the bi-directional bus is then gated to the drive. 

The drive activates 'address in' B to the control unit by setting 
bit 5 of the DTR. The control unit switches the bi-directional 
bus to the receive (read) mode by setting the OCR bit 2 D to 
zero (read) and waits for a response from the drive. The drive 
responds by putting its complemented address on the bus. 
When the control unit reads the complemented drive address, 
'address out' D is deactivated. 

Note: If the address is not correct 'select out' is 
deactivated and the operation is ended. If the returned 
drive address was correct the control unit switches the 
bus to the send (write) mode and 'address in'llI is 
deactivated. 

With 'address out' not active the control unit activates 
'command out' Do the drive by setting bit 2 of the DTR. The 
control unit decodes the command and puts it on the bus to the 
drive. After the command has been sent to the drive the 
bi-directional DCB is switched to receive (read) and the control 
unit waits for a response from the drive. 
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Note: The first status byte reports any error 
conditions that may exist (unit check) and the status of 
the drive (repositioning, performing a manual rewind 
unload and so forth). 

The drive responds by placing status byte 2 on the bus to the 
control unit and activating 'clock Bin' m. The control unit 
accepts the second status byte and drops 'clock A out'. 

Note: The second status byte pertains to the drive 
and tape cartridge (ready, at beginning-of-tape, at 
end-of-tape, or file protected). 

When both status bytes have been accepted, the control unit 
resets 'command out' m and the drive resets 'status in' m. 
Select out remains on if: 

• The command was a burst command. 

• The command was a control type with data to be 
transferred. 

Select out is reset if: 

• A control command and no data is to be transferred. 

• The command was an immediate command. 

• The status byte contained unusual or unexpected 
information. 

This ends the initial selection sequence to the drive. The drive is 
now ready for a data transfer operation. 
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Alert Sequence 

An 'alert' sequence is started by the drive when: 

A disconnected sequence is complete 

• The drive goes from 'not ready' to 'ready' 

• RepOSitioning is complete 

• A manual rewind unload is started 

Request processor microcode patches 

Whenever the drive needs to communicate with the control unit, 
it sets an 'alert' bit in the drive device alert register (DAR) and 
also the control unit device interrupt register (DIR). 

The DIR bit set corresponds to the drive sending the alert. If the 
remote connection is used, the register bit still corresponds to 
the drive sending the alert. 

Once an 'alert' has been set in the control unit DIR the control 
unit must initiate an 'initial selection' sequence to the drive to 
clear the alert. 

The control unit sets 'select out' in the device tag register and 
switches to send mode. The drive address is placed on the 
device control bus (DCB) and 'address out' is set into the DTR, 
The DCB is switched to receive mode and 'address in' is 
activated. The control unit waits for a response from the drive. 
When the address complemented is received, 'address out' is 
reset followed by 'address in', The sequence continues as for an 
initial selection. The status bytes sent to the control unit at the 
end of the sequence contains the alert information. The drive 
alert is reset in the DIR and the control unit and drive are ready 
for the next operation. See the 'initial selection' sequence timing 
chart. 

Select Out ________ D~I ---------------------------------------------
Address Out 

Address In 

Command Out 

Status In 

Enable Write 

Clock A Out 

Clock B In/Out 

DCB Read=O, Write=l 

DCB Bits 0-7 

_____________ B~I ------~~IB __ =_------------------------­
____________ ~B~I --------~Im~:------------------_=~---­
__________________________ m~1 ----------------~I~ID_=~--
_______________________________ Im_I~----------------~II_'_I __ _ 

____________________________________ ID~I----~~ __________ _ 
________________________________________ IB~I ----~ ______ __ 
______ B~lr------~lm_· ______ ~ 

fJ 
,...-----,L 

Address 

Figure 1. Control Unit to Drive Initial Selection Sequence 
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Ending Sequence (Control Unit Initiated) 

An "tllldinu Sdqlldlll:d" (ddVlI'tl stop) lti IIs.HI 10 dlsconndct tlltl 
dflvtI from thtl control Wilt All' 'tllllhlltJ titlqllenctl" can bt! 
starttld by tht! control 111111 01 Ihtl drlvtl, tlXCtlpt tor a "data 
transtdr StlqlltiIlCtl," which can oilly Iltl dndtld by thtl control Ullit 

Note: It 'addrtlss In' IS IIctrVtl btltort! thtl "drllllllll 
sequence," and IS mactlvtl whtlll 'command out' 
btlcornes active, It mdlcates a rlllcrocodti 11tltecttld error. 
If 'address In' becomes actlvtl Whlld 'conlillarHI out' IS 
active, a hardware tlrrO! IS uHhcated (check 1) 

The "ending sequence" tor a datel trallsttlr starts when tllther 
'write enable' (write operation) II or 'read Uattl' (read operation) 
IS reset, The control Ullit checks for 'addrtlss Ill' EJ trOITl the 
drive, If no errors are detected, the cOlltrol lHlIt actlvattls 
'command out' II to the drive. 

'Address in' als agam checked for all ulIllcatroll of an error, by 
the control unit, The drive activates 'status Ill' III alld the control 
Unit checks for 'address m' III agam (allY errors). The drives 
status byte 1 D is sent to the control Ulllt across the devled 
control bus (DCB), 'Address in' 1m IS checked agalll (mdleatulU 
errors) by the control unit, 

'Clock A out' III is activated requestmg status byte 2 from the 
drive and 'clock Bin' D IS activated verifymg that status byte 2 m has been sent to the control Unit across the DCB, After the 
control unit receives status be 2 'clock A out' m is 
deactivated and 'address in' W is checked once again, 'Clock 
Bin' m is deactivated and 'status m' m IS then deactivated 
indicating no more status bytes are to be sent. 

Both status bytes from the drive have been received, and at this 
time 'select out' 1m is deactivated, 'Command out' m is 
deactivated stopping the drive, completing the ending sequence. 

Select Out 

Address out 

B II II 
I 3: Address In Error 1 I Error 

..L ____ .l. 

Command Out 6, 
Status In II, 
Enable Wr i te II , 

Clock A Out Ii1I 
Clock B In/Out m 
Read 

...! 

, 

1m 
1m m 

- T 
Error 2 I 

- - - - .!. 

1m 

1m 
1m 

DCB I_ Status Byte 1 I m Status Byte 21 

Figure 1. Ending Sequenn (Device Stop) 
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Control Unit To Drive Operation (Continued) 

Write Operation 

A write operation is started when the control unit sends a write 
command across the device control bus (OCB) to the drive. This 
starts tape motion and conditions the drive to write. After the 
tape has reached the correct speed and is at the correct place to 
start writing, the drive signals the control unit by activating the 
'gap in'lIline to the control unit. The write status/error 
register (WSE) bit 0 II must be on to indicate to the drive that 
this is a write operation. 

The write control register (WCR) E1 is set with the followjng: 

• Bits 0 and 1 - Starting Block 10 Sequence '00' 

• Bit 5 - Write data flow operation enabled 

• Bits 6 and 7 - Write data flow operation 

At this time the interblock gap (lBG) II, which is supplied by the 
control unit, is written. After the IBG has been written a check 
is made to ensure that the write operation III is still being 
performed by testing bit 0 of the WSE register. A check is 
made to ensure that the correct write control register (WCR) bits 
iii were set by doing a compare. 'Gap out' a is a signal from 
the control unit indicating that the IBG has been recognized. 
The channel then starts sending data through the write data 
flow to the drive. As it is written the data is converted to the 
34BO tape format. 

When a data block m has been written a Block 10 (sequence 
number) is added to the end of the data block, and a sequence 
count is set into the WCR for each block written. Both of these 
are recorded as part of the data record. 

An 'end write' (write stop) Elline (bit 1 of the WSE register) 
signals the end of each data record. This line is a result of a 
count of 'write request' signals from write data flow to the 
channel. The control unit can now issue a command to the 
write data flow that specifies either a new record is to be 
written or to stop writing. A new IBG is written in either case. 

If a new record is to be written, set a Block 10 number and 
advance the sequence number and reset the 'end write' (write 
stop) line. If the command is to stop writing because of the end 
of data, the drive is signaled to stop by the control unit. 

1. Reset the WCR write data flow operation enable 1m. 
2. Reset end write (write stop) m· 
3. The WSE register bit 0 (write operation) should be off 1fJ· 

If it is not, an error is indicated. 

The drive slows down and comes to a stop. The tape moves 
backward to the write stop lock position, which is in front of the 
IBG. The drive assumes that the next command is another 
write-type operation. The drive is now in position for the next 
command. 
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Gap Out 

~ Write Op 

Block 10 Ell 
Ell WOF Op Enable 

Ell WOF Ops 

Write Format 

End Write 

Figure 1. Write Operation 
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Serial Interconnection Sequence 

The serial interconnection (using the device control bus) is used 
when the control unit is busy using the parallel interconnection 
on another drive. 

The serial interconnection contains three signal lines: 

Repositioning In - is a line from all attached drives to the 
control unit. It indicates that the drive is repositioning or 
not at the stoplock position. 

• Serial Clock Out - is a line from the control unit to ali 
attached drives. It clocks the serial information to ali drives. 
There are 18 serial clock out pulses. There is no response 
to this line. 

• Serial Data Out - is a line from the control unit to ali 
attached drives. It sends information to ali nonselected 
drives together with 'serial clock ouf. The 'serial clock ouf 
gates the 'serial data out' line. 

The serial interconnection saves time by getting another drive up 
to speed ('early start') while the paraliel interconnection is in use 
with another drive using the parallel interconnection. (Only 
commands are sent across the serial interconnection.) 

Example: 

Command Byte 
234 

Command --.J L 
5 6 

Address J 
Must Be Zero 

Command: OA (Write Command) Address 

Serial Clock Out 
123 4 5 6 

~I 
7 

J 
5 

7 8 9 

Serial Data Out 
1 III Nine Synchron i zing Ones 11------+ ~ 

III 

Data is sent to the drive, serial by bit, as an 18 bit word that 
contains an address and command. No response is sent to the 
control unit from the drive unless the drive is repositioning. If 
the drive is repositioning, the 'repositioning in' line is activated 
to the control unit. 

The serial command must be followed on the parallel 
interconnection with the same command before the drive is up 
to speed and has activated the 'gap in' line. 

Note: The initial selection sequence and the command 
must be completed over the parallel interconnection to 
the drive before 'gap in' is received at the control unit. 

The parallel command is then executed from this point. If no 
parallel command is received by 'gap in' time, the drive goes to 
the serial stoplock position and waits for a parallel command. 

10 11 12 14 

Command Byte 
I+-EJAddress --+ 1"---11 Command ~ 1 

~r----------------------------~ I 
Repositioning In 

&7 6 5 4 3 2 0 lip 

Figure 1. Serial Interconnection 
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There are seven serial interconnection commands. 

• (06) Clamp 

(07) Unclamp 

(08) Reset A 

• (02) Read Forward 

(03) Read Backward 

(OA) Write 

(00) Test I/O 

The Clamp, Unclamp, and Reset A commands are issued when 
the drive is suspected of not operating correctly. The Read 
Forward, Read Backward, and Write commands are issued to 
cause tape movement. 

When the serial command is received, and the drive is not at the 
correct stoplock, the drive repositions to the correct stop lock for 
the serial command Just received and then sends an 'alert' to 
the control unit. 

The Test I/O command causes hardware to gate the status on 
the 'repositioning in' tag line, 

L 

Serial Format 

The serial command is a string of 18 data bits with 18 
associated clock pulses. 

The format is as follows: 

1. At least nine logical '1's' in a row (preamble) D. 
2. Followed by one logical '0' EJ. 
3. The three drive address bits (low order first) E]. 

4. The four command bits (low order first) a. 
5. One parity bit associated with steps 2, 3, and 4. 1:). 

If the correct preamble is not received by the serial 
interconnection, no serial command is decoded. 
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I/O Interface 

The control unit must communicate with both the channel of the 
host system and with each of the tape units of the subsystem. 
A method for this communication is supplied by two I/O 
connections, channel to the control unit and control unit to the 
drive. See the diagram on the following page. 

The basic timing sequence of the interface is found in IBM 
System/360 and System/370 Interface Channel to Control Unit 
Original Equipment Manufacturers Information Manual, 
GA22-6974. 

Channel to Control Unit Interface 

Bus Out 

There are eight information lines plus one parity line on 'bus 
out'. Bus out is used to send a control unit address, device 
address, commands, and data to the control unit from the 
channel. 

Bus In 

There are eight information lines plus one parity line on 'bus in'. 
Bus in is used to send a control unit address, device address, 
status information, sense information, and data to the channel 
from the control unit. 

Operational Out 

The 'operational out' tag is a line from the channel that connects 
the control unit to the channel. When 'operational out' is 
deactivated, the existing operation across the interface must be 
reset. 

Address Out 

'Address out' is a tag line from the channel to the control unit. 
It is used to signal the control unit to decode the control unit 
and device address sent on bus out. The control unit then must 
activate 'operational in' to the channel. 

Hold Out 

'Hold out' is a line from the channel to the attached control unit 
and is used with 'select out' to synchronize control unit 
selection. 

Select Out 

'Select out' is a line from the channel to the control unit and, 
together with 'select in', supplies a loop for scanning the 

F 

to the channel only when 'select out' is sent to the control unit. 
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Command Out 

'Command out' is a line from the channel to the attached control 
unit and is used to signal the selected device in response to 
'address in', 'status in', or 'service in' from the control unit. 

Service Out 

'Service out' is a tag line from the channel to the control unit 
and is a response to 'status in' or 'service in'. It indicates to the 
control unit that the channel has received information sent on 
'bus in' or has supplied (on bus oud the data requested by 
'service in'. 

Data Out 

'Data out' is a tag line from the channel to the control unit and is 
used in response to a signal on 'data in'. A signal on 'data out' 
indicates the channel has received the information on 'bus in' or 
has supplied (on bus out) the data requested by 'data in'. 

Suppress Out 

'Suppress out' is a line sent from the channel to the control unit 
and is used alone or together with other out tags to supply the 
signal to suppress data, suppress status, do command chaining, 
or a selective reset. 

Select In 

'Select in' is a line that extends 'select out' from the from the 
channel to the control unit and is returned to the channel as 
'select in'. 'Select in' is only returned to the channel if no device 
address has been decoded. 

Operational In 

'Operational in' is a line from the control unit to the channel and 
is used to signal the channel that the device has been selected. 
It must remain active for the complete time of the selection. 

Address In 

'Address in' is a line from the control unit to the channel and is 
used to signal the channel that the addresses of the control unit 
and the selected device have been placed on 'channel bus in' 
(CBI). 

Status In 

'Status in' is a line from the control unit to the channel and is 
usea to signal the cnannel that the seleCtea contrOl unit nas 
placed status information on CBI. 

o o 

Service In 

'Service in' is a tag line from the control unit to the channel and 
is used to signal the channel when the selected device is ready 
to send or receive a byte of data. 'Service in' on a read 
operation validates data on 'bus in', and on a write operation 
acknowledges receipt of data on 'bus out'. 

Meter In 

'Meter in' is a line from the control unit to the channel and is 
used to enable the subsystem after status has been cleared. At 
the end of the operation being executed, 'meter in' is 
deactivated, status is cleared, and the subsystem is disabled. 

Oats In 

'Data in' is a tag line from the control unit to the channel and is 
used to signal the channel that the selected control unit has a 
byte of information for the channel. 

Request In 

'Request in' is a line from the control unit to the channel and 
indicates the control unit is ready to present status information 
or data, and is therefore requesting a selection sequence. 

Disconnect In 

'Disconnect in' is a line from the control unit and permits the 
control unit to signal the system of a failure that could prevent 
the control unit from signaling correctly over the interface. 

Mark In 

Used in a command-retry sequence. If during the execution of a 
command, the control unit finds a condition that requires a retry, 
the control unit requests command retry by activating 'mark 0 
in' and 'status in' while sending a unit check and status modifier 
together with channel end and/or device end to the host 
system. The channel acknowledges the request for command 
retry by indicating command chaining. 

Mark Out 

'Mark out' is only used with the "Bus Extension Feature." This 
feature extends the interface by adding an extra bus to permit 
data transfer of either one or two bytes in parallel. During the 
transfer of data between the channel and the control unit, the 
'mark out' lines must be valid the same time as the data on the 
'bus out' lines and indicates the number of bytes provided by 
thA f"'h::.nnAI nn ''''tt~ nltt' 
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Control Unit to Drive Interconnection 

Select Out 

'Select out' is a line from the control unit to the drive. 
Whenever 'select out' is inactive, all lines from the drive to the 
control unit must be inactive, except for the device control bus 
(DCB) when sending alerts to the control unit. Any operation 
on the interconnection must be reset, except that operations at 
the device continue to a normal stopping point. 

Address Out 

'Address out' is a line from the control unit to all attached 
drives. The address of the needed drive is placed on the DCB, 
following the activating of 'select out', signaling all drives to 
decode the address. 'Address in' is deactivated after the 
complemented drive address has been returned to the control 
unit. 

Address In 

'Address in' is a line from all attached drives to the control unit. 
It is the response to 'address out' to signal the control unit that 
the complemented drive address is correct on the DCB. 
'Address in' remains active until 'address out' is deactivated. 

. Address in' is used after the above sequence to indicate any 
error or unusual condition that occurs before the ending 'status 
in'. 

When 'address in' becomes active in response to 'command 
out' it means a drive hardware error. 

I/O Interface OPER 190 



I/O Interface (Continued) 

Command Out 

'Command out' is a line from the control unit to all attached 
drives. The command must be correct on the DCB before 
'command out' is activated. It is a response to 'address in' 
going inactive during initial selection and indicates to the 
selected drive that the command is correct on the DCB. 
'Command out' remains active until 'status in' is received. 

When used during a data transfer sequence, data transfer stops, 
and there is no information on the DCB associated with the tag. 
'Status in' is activated in response. 

Status In 

'Status in' is a line from all attached drives to the control unit. It 
verifies the first status byte and remains active for both status 
byte 1 and status byte 2. Status byte 2 is requested when the 
control unit activates 'clock A out' and is verified by the drive 
activating 'clock Bin'. 

During the initial selection sequence, 'status in' is in response to 
'command out' going active and goes inactive after 'command 
out' is deactivated. 

Repositioning In 

'Repositioning in' is a line from all attached drives to the control 
unit. It indicates that the drive is repositioning or not at a 
stop lock position. The 'repositioning in' response occurs after 
the command byte is received. 

Gap In/Out 

'Gap in/out' is a bi-directional line between the control unit and 
all drives. The line is used by the control unit (gap out) and the 
selected device (gap in) during data transfer sequence to indicate 
the relative position of the tape and the read/write head. 

Clock A Out 

'Clock A out' is a line from the control unit to all attached drives 
and is activated when the control unit requests the second 
status byte from the drive. 

Clock B In/Out 

'Clock B in/out' is a bi-directionalline between the control unit 
and all attached drives. These lines are used during a data 
transfer, control transfer, sense transfer, and a status 2 transfer 
sequence. 
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Notes: 

1. The bus and tag terminators are installed on the last control 
unit during installation. 

2. There can be from one to four channels for each control unit 
or from one to eight channels for a two control unit 
subsystem. 

Channel 

Operational Out 
Address Out 
Hold Out 

Channel Tags Out Select out 
Command Out 
Service out 
Suppress Out 
Data Out 

Bus Out B t P 
Bus Out B t 0 
Bus Out B t 1 

Channel Bus Out Bus Out B t 2 
Bus Out B t 3 
Bus Out B t 4 
Bus Out B t 5 
Bus Out B t 6 
Bus Out Bit 7 
Hark Out 

Operational In 
Select In 
Address In 

Channel Tags In Status In 
I Service In 

Request In 
Heter In 
Data In 
Disconnect In 

Bus In Bit P 
Bus In Bit 0 
Bus In Bit 1 

Channel Bus In Bus In Bit 2 
I Bus In Bit 3 

Bus In Bit 4 
Bus In Bit 5 
Bus In Bit 6 
Bus In Bit 7 
Hark In I 

I/O Interface (Continued) OPER 196 

Channel Bus Out 

Channel Tags Out 

r---
Control Unit Drive 

..... Device Control Bus_ 
Parallel Operation 

Data Bits 0-7, P 
See Notes: Select Out 

Address Out 
Address In 
Command Out 
Status In 
Gap In/Out 
Clock A Out 
Clock B In/Out 

Serial Operation 
IRepositioning In 

See Notes: Serial Clock Out 
Serial Data Out 

See Notes: 

~ead Data Bus 

, I See Notes: 

'---
Channel Bus In 

Channel Tags In 
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Microprocessor to Channel Adapter Operation 

This is a list of acronyms that are used extensively in the 
explanation of the microprocessor to channel adapter operation. 

MP - Microprocessor 
SS - Status Store 
CA - Channel Adapter 
RAM - Random Access Memory 
CCC - Channel Card Control 
CDR - Channel Data Register 
CCA - Channel Card Address 
CRR - Channel Response Register 
CER - Channel Error Register 
XR - External Register 
CDTI - Channel Diagnostic Tag In 
Register 
CTO - Channel Tag Out 

Communication between the MP and the CA is accomplished 
through the 55. The MP sends orders to XRs in 55, which are 
sent on to the CA. 

The adapter and device address, or 'RAM' offset, are sent 
through the CCC register. Any data sent or received is through 
the CDR. The actual order and RAM page number is sent 
through the CCA register. Writing the CCA register causes the 
order, address, and data to be sent to the CA. When the order 
is completed, the CA returns any data requested through the 
CDR register. Also, a response is returned and loaded into the 
CRR. 

The MP monitors CCR bit 6 (order complete) and CCR bit 7 
(order successful) to determine the results of the order sent. 
Errors are set in the CER. 

Note: 50me of the external registers in the 55 are 
read only, write only, or both. 
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MP to SS Communications 

The MP to 55 communication is through the normal external 
register path. 

Major functional lines include the following: 

• XR ADR EXT Bits 0 and 1 - set from the processor control 
register bits 6 and 7. 

• XR ADR Bus Bits P, 0-4 - bits 0-4 are set from the five bits 
on the control storage data bus that corresponds to the XR 
address in the instruction. The 'P' bit is generated to 
maintain even parity on this bus. 

• XR Data Bus P, 0-7 - a bi-directional bus for read or write 
data. 

• XR Read Gate - active at 518-521 time for XR read. 

• XR Write Gate - active at 50-513 time for XR write. 

• XR Load - active at 55-57 time. If XR write gate is on, the 
addressed register is loaded with the data on the XR data 
bus. This signal is generated by the control store card and 
always occurs. No writing occurs unless the write gate is 
also on. 

o o o o 
Microprocessor to Channel Adapter Operation 

SS to CA Communications 

55 to CA communications is accomplished by a polling 
sequence. 55 polls each CA in sequence, A poll operation has 
four conditions, 50-53, determined by the binary bits 1 and 2. 

If 55 receives an order from the MP for the CA, the order and 
address is sent during 50 time, also data if required, is sent or 
received during 52 time. If the CA has an order for 55 to 
process, it sends the order to 55 during 51 time, and 55 
responds during 53 time. 

55 to CA path includes the following functional major lines: 

• 5elect Bus 0-3 - bits 0 through 3 select channel adapters A 
through D. 

• Data Bus P, 0-7 - bi-directional bus for read, write, or 
control data. 

• Response Bus P, 0-3 - bi-directional bus for control or 
response data. When the response bus contains response 
data it is defined as follows. 

During 52 time (55 execution of a MP order) 

Bit 0 - adapter installed 

bit 1 - adapter installed 

Bit 2 - order complete 

Bit 3 - order successful 

During 53 time (55 execution of a CA order) 

Bit 0 - response valid 

Bit 1 - no errors detected 

Bit 2 - adapter permitted 

Bit 3 - assign successful 

• Order 5tate - active when 55 external register 01 (CCA) has 
been set with an MP order for the channel adapter. 

• Binary 5tate Bit 1 and 2 - decode of these lines determines 
50-53 times. 

Microprocessor to Channel Adapter Operation 

o 
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Microprocessor To Channel Adapter Operation (Continued) 

MP to SS to CA Communication 

EXAMPLE: 

Assume that the MP is running the channel wrap test EE62, and 
wants to activate the 'operational in' tag line, and also check 
that it wraps to the 'operational out' tag line, This is 
accomplished by the following operation. 

1. The MP sends a CA order and the required data to 55 to 
activate the 'operational in' bit in the CDTI register. 

2. On the next poll, 55 sends the order and data to the CA 
which activates the 'operational in' bit in the CDTI. With 
the wrap blocks installed, 'operational in' is wrapped to 
'operational out'. 

3. Because the CTO register is a status register external to the 
RAM, the MP must first write the CTO into the RAM 
position assigned to this register. Later it can be read out to 
determine if the 'operational in' bit is on. Therefore, the MP 
sends a CA order to SS to write the CTO into the RAM. 

4. On the next poll 55 sends the order to the CA, and the CTO 
is written into the RAM. 

5. The MP now sends the necessary order to 5S to read the 
RAM location just written. 

6. On the next poll S5 sends the order on to the CA which 
reads the assigned RAM location and sends the data back 
to S5 where it is loaded into the CDR. 

7. The MP checks the results in the CDR with a normal XR 
read to 5S. 

3480 MI EC338395 
• CawIIM'" Corp. '114, '116 

fl 

MP to 55 Operation (Set eDTI Bit 0 On) 

The following three diagrams relates to Step 1 of the EXAMPLE. 

• MP sets CDR register to X'SO·. 

1. Gate X'OS' to the XR address bus. 

2. Gate X'SO' to the XR data bus. 

3. Activate the write gate and XR load. 

MP 55 
XR ADR = 05 

IXRAI I 
XR Data = 80 CCC 

05 III • Wrt Gate CCA 

XR Load CDR 80 

• MP sets CCC to X'SB·. 

1. Gate X'OO' to the XR address bus. 

2. Gate X'SB'to the XR data bus. 

3. Activate the write gate and XR load. 

MP 55 
XR ADR = 00 

IXRAI 001 
XR Data = 8B CCC 8B 
III • Write Gate CCA 

XR Load CDR 80 

• MP sets CCA to X'03·. 

1. Gate X'03' to the XR address bus. 

2. Gate X'D3' to the XR data bus. 

3. Activate the write gate and XR load. 

MP 5S 
XR ADR • 03 

IXRAI 031 
XR Data • 03 CCC 8B 
III • Write Gate CCA 03 

XR Load CDR 80 

Microprocessor To Channel Adapter Op. (Cont.) OPER 205 

55 to eA Operation (Set eDTI Bit 0 On) 

The following two diagrams relate to Step 2 of the EXAMPLE. 

Status store polls at SO time. 

1. Gate CCA register to the data bus (MP order and RAM 
page number). 

2. Gate CCC register bits 0-3 to the select bus (channel 
adapter address). 

3. Gate CCC register bits 4-7 to the response bus (page 
offset). 

55 CA 
5 el B us = 8 

RAM 
CCC 8B Data Bus = 03 

I I COT II III • CCA 03 Resp Bus = B 
III • CDR 80 50 Time 

Status store poll at 52 time. 

1. Gate CDR register to the data bus. 

2. CA write data into RAM page 3, offset B (CDTI). 

3. CA sets response bus to X'F' (order complete and 
successful) . 

55 CA 
SIB e us = 8 

RAM 
CCC 8B Data Bus = 80 

ICDTII I 
III • 80 

CCA 03 Resp Bus = F 
III • CDR 80 52 Time 

The CDTI register bits are: 

Bit 0 Operational In 
Bit 1 Address In 
Bit 2 Select In 
Bit 3 Request In 
Bit 4 5tatus In 
Bit 6 Service In 
Bit 6 Data In 
Bit 7 Disconnect In 

MP to 55 Operation (Write eTO into RAM) 

The following two diagrams relate to 5tep 3 of the EXAMPLE. 

• MP sets CCC register to X'S1'. 

1. Gate X'OO' to the XR address bus. 

2. Gate X'S1' to the XR data bus 

3. Activate the write gate and XR load. 

MP S5 
XR Ad r '" 00 

IXRAI I 
XR Data = 81 CCC 81 

00 III • Write Gate CCA 

XR Load CDR 

• MP sets the CCA register to X'D3'. 

1. Gate X'03' to the XR address bus. 

2. Gate X'D3' to the XR data bus. 

3. Activate the write gate and the XR load. 

MP 
x R ADR = o 3 

IXRAI I 
XR Data = 03 CCC 81 

03 III ~ 

Write Gate CCA 03 

XR Load CDR 

Microprocessor To Channel Adapter Op. (Cont.) OPER 205 
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Microprocessor To Channel Adapter Operation (Continued) 

55 to CA Operation (Write CTO into RAM) 

The following two diagrams relate to Step 4 of the EXAMPLE on 
OPER 205. 

• Status store poll at SO time. 

1. Gate the CCA register to the data bus (MP order and 
RAM page number). 

2. Gate the CCC register bits 0-3 to the select bus 
(Channel Adapter Address). 

3. Gate the CCC register bits 4-7 to the response bus 
(Page Offset). 

SS CA 
Se I Bus = 8 

RAM 
CCC 81 Data Bus .. 03 

ICTOI I 
~ ~ 

CCA 03 Resp Bus = 1 
~ ~ 

CDR SO Time 

• Status store poll at S2 time. 

1. CA writes CTO register into RAM page 3, offset 1 
(CTO). 

2. CA sets response bus to X'F' (order complete and 
successful). 

SS 
S e I Bus .. 

CCC 81 Data Bus 
~ 

CCA 03 Resp Bus 
~ 

CDR S2 Time 

The CTO register bits are: 

Bit 0 Operational Out 
Bit 1 Address Out 
Bit 2 Select Out 
Bit 3 Hold Out 
Bit 4 Command Out 
Bit 5 Service Out 
Bit 6 Data Out 
Bit 7 Suppress Out 

CA 
8 

RAM 
.. N/A 

ICTOI 80 I ~ 
.. F 

~ 

MP to 55 Operation (Read RAM CTO location) 

The following two diagrams relate to Step 5 of the EXAMPLE on 
OPER 205. 

• MP sets CCC register to X'S1' 

1. Gate X'OO' to the XR address bus. 

2. Gate X'S1' to the data bus. 

3. Activate the write gate and XR load. 

MP SS 
XR ADR ,. 00 

XR Data" 81 CCC 81 
IXRAI 00 I • ~ 

Write Gate CCA 

XR Load CDR 

• MP sets CCA to X'C3'. 

1. Gate X'03'to the XR address bus. 

2. Gate X'C3'to the XR data bus. 

3. Activate the write gate and XR load. 

MP SS 
XR ADR = 03 

XR Data = C3 CCC 81 
IXRAI 03 I 

Write Gate CCA C3 

XR Load CDR 

------------------------------------------_._-----------------
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55 to MP Operation (Read RAM CTO location) 

The following two diagrams relate to Step 6 of the EXAMPLE on 
OPER 205. 

• Status store poll at SO time. 

1. Gate CCA register to the data bus (MP order and RAM 
page number). 

2. Gate CCC register bits 0-3 to select bus (CA address). 

3. Gate CCC register bits 4-7 to response bus (page 
offset). 

SS CA 
Sel Bus .. 8 

RAM 
CCC 81 Data Bus .. C3 

• ~ ICTOI 80 
I CCA C3 Resp Bus ,. 1 

• ~ 

CDR SO Time 

• Status store poll at S2 time. 

1. CA gates RAM data X'SO' to the data bus. 

2. SS writes data to the CDR. 

3. CA sets response bus to X'F' (operation complete and 
successful) . 

SS CA 
Sel Bus = 8 

RAM 
CCC 81 Data Busd = 80 

ICTol 80 
I CCA C3 Resp Bus = F 

CDR 80 S2 Time 

MP External Register Read (Read Data into 
CDR) 

The following diagram relates to Step 7 of the EXAMPLE on 
OPER 205. 

• MP reads CDR register in status store 

1. Gate X'OS'to the XR address bus. 

2. Activate the read gate. 

3. SS gates the CDR register X'SO'to the XR data bus. 

I1P 55 
XR ADR .. 05 

XR Data .. 80 CCC 
IXRAI 05 

I • ~ 

Read Gate CCA 

CDR 80 
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Microprocessor To Channel Adapter Operation (Continued) 

MP to 55 to CA Data Flow 

EJ PCR Register 

IBit 6 lBit 71 XRA Reg 

0 PCR 6 
] I XR ADR EXT Bits 0-1 

I PCR 7 XR ADR Bus P, 0-4 

2 XR 0 CS Data 
Bus XR Data Bus P, 0-7 

3 XR 1 III 

IXR LTHI XR Read Gate 
4 XR 2 0-4 

I+-

$ 
XR Wr i te Gate 

5 XR 3 
XR Load 

6 XR 4 

7 XR P 

Figure 1. Microprocessor To Channel Adapter Data Flow 

XRA Decode 

The following is an example of XRA decoding, using status store 
external register 02. 

0 I 2 3 4 5 6 7 

EXT EXT ADR ADR ADR ADR ADR ADR 
0 1 0 1 2 3 4 P 

0 0 0 0 0 I 0 I 

Status store is selected by bits 0 and 1 set to 00. 

Bits 2 through 7 are set to a binary value of the external register 
with even parity. 

The result is XRA = X'05' 

Channel Card Control Register 

The following is the layout of the channel card control register. 

ecc Register XRA Register ~ 00 

0 1 2 3 4 I 5 6 I 7 

CA CA CA CA Pige I ffSr A B C 0 
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~ External Regs ~ 
0 

XR XRA Reg R/W 

t Select Bus 0-3 
00 00 CCC R/w 

Data Bus P, 0-7 0 
01 03 CCA R/W ,. ~ F 

Response Bus P, 0-3 F 
02 05 CDR R/w III ~ S 

~ E 
03 06 CER R Order State T 

l 03 06 CMR W 
Binary Timing 

07 OF CRR R (Bits 1 and 2) F 

Channel Card Address Register 

The following is the layout of the channel card address register. 

CCA Register XRA Register = 03 

o I 1 2 3 4 I 5 I 6 7 
I 

MP Order RAM Pag~ 

Channel Data Register 

The following is the layout of the channel data register. 

CDR XRA Register 05 

o 7 

RAM PAGES 
o - 7 

Status registers external 
to the RAM. I n order to 
inspect, write into RAM, 
and read the RAM. 

Control Registers external 
to the RAM. Write to the 
RAM writes into the 
register and RAM. 

') ,-

Microprocessor To Channel Adapter Op. (Cont.) OPER 215 

Off- RAM PAGE 3 
set 

0 CBO-Channel Bus Out 

I CTO-Channel Tag Out 

2 CBI-Channel Bus In 

3 CTI-I-Channel Tag In I 

4 CTI-2-Channel Tag In 2 

5 CAE-Channel Adapter Error 

6 CAS-Channel Adapter Status 

7 Unused 

8 CDBO-Channel Diagnostic Bus Out 

9 CDTO-Channel Diagnostic Tag Out 

A CDBI-Channel Diagnostic Bus In 

B CDTI-Channel Diagnostic Tag In 

C CDC-Channel Diagnostic Control 

0 Unused 

E Unused 

F CIR-Channel Interrupt Request 

Microprocessor To Channel Adapter Op. (Cont.) OPER 215 
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IML Disae Drive o 
IML Disk~tte Drive Operation 

The initial microprogram load (IML) diskette drive is either a 5.25 
inch or a 3.5 inch disk drive. The 5.25 inch drive provides 500 
kilobytes of unformated storage on a double density, double 
sided. flexible diskette. The 3.5 inch disk drive provides 1 
megabyte of unformatted storage on a double sided diskette. 
The purpose of the diskette drive is to IML the fuctional 
microcode for the 3480 subsystem. 

The IML is accomplished during a 3480 power on, or by pressing 
the IML switch when the control unit Test/Normal switch is in the 
Normal position and the control unit Online/Offline switch is 
offline. 

The IML sequence of operation is as follows: 

o 

1. Run the programmable read only memory (PROM) 
diagnostics to test the 128 kilobytes of control storage. Error 
information is stored in a microcode table for later use by 
the functional microcode and the maintenance diskette. 

2. Start the IML diskette drive to load IML diagnostics into 
control storage and run the diagnostics; The IML diagnostics 
check out the control unit 

Note: All errors are placed in a microcode table but severe 
(CHK 1) errors cause 'disconnect in' and the control 
unit stops. 

Errors other than CHK 1 errors cause the control unit 
to respond with a unit check to the next 'Start I/O' 
command from the host system. 

3. Load the functional microcode to start a normal operation. 
The maintenance diskette looks at the microcode table for 
any error information. 

4. If you are installing a subsystem the IML diskette is used to 
load installation diagnostics. You must place the 
Test/Normal switch in the Test position to run the installation 
diagnostics. 

Note: When the NormallTest switch is in the Test position 
the installation diagnostics are run before the start of 
normal operations. 

Modified frequency modulation (MFM) is a funr:tion of the control 
units control storage card and the recording format is in the MFM 
formal See Figure 1. The inter-sector gaps are shown as G1, 
G2, G3, and G4. 
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Hexadec ima I 
Byte 

Number Of 
Bi nary Bytes 

16 Sectors 

9 Sectors 

5 Sectors 

14rite Gate 

I 
'", -

I 
I 

G1 1"'~Ync 
4E 06 

32 12 

- ----- Repeated For Each Record ---

10 Field --. 1",-_- Data Field -

I AI·' I 10 I CRC G21 Sync I AH 1 !leta I CRC ! 

(1) (2) (3) 4E 06 (4) (5) (3) 

4 4 2 22 I 12 4 
j 

2 

256 

512 

1624 

_________________ ---.J 

I 
----·1 

HG Off G3 G4 

4E 

I 53 266 

1 83 296 

1115 268 

I 
l ______ _ 

Notes: (1) ID Address 1·lark Hith Hissing Clock 
(2) Cyl inder Nlmber, Head Ilumber, Sector Ilumber, and Physical Rec ~I'd length 
(3) Generated by CRC Generator. 
(4) !leta Address Ilark ~/ith Hissing Clock 

Deleted Data Address 14ark With IHssing Clock 
(5) Users Data 

Figure 1. MFM Sectored Format 
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IML Diskette Drive 

IML Diskette Drive Operation 

The initial microprogram load (lML) diskette drive is a 13.34 
centimeter (5.25 inch) flexible disk drive. The IML Diskette drive 
provides unformatted storage of 500 kilobytes on a double 
density two-sided flexible diskette. Its purpose is to IML the 
functional microcode for the 3480 subsystem. 

The IML is accomplished during a 3480 power on, or by 
pressing the IML switch when the control unit Test/Normal 
switch is in the Normal position and the control unit 
Online/Offline switch is offline. 

The IML sequence of operation is as follows: 

1. Run the programmable read only memory (PROM) 
diagnostics to test the 128 kilobytes of control storage. 
Error information is stored in a microcode table for later use 
by the functional microcode and the maintenance diskette. 

2. Start the IML diskette drive to load IML diagnostics into 
control storage and run the diagnostics. The IML 
diagnostics check out the control unit. 

Note: All errors are placed in a microcode table 
but, severe (CHK 1) errors cause 'disconnect in' and 
the control unit stops. 

Errors other than CHK 1 errors cause the control 
unit to respond with a unit check to the next 'start 
I/O' command from the host system. 

3. Load the functional microcode to start a normal operation. 
The maintenance diskette looks at the microcode table for 
any error information. 

4. If you are installing a subsystem the IMl diskette is used to 
load installation diagnostics. You must place the 
Test/Normal switch in the Test position to run the 
installation diagnostics. 

Note: When the Normal/Test switch is in the 
Test position the installation diagnostics are run 
before the start of normal operations. 

Modified Frequency Modulation (MFM) is a function of the 
control units control storage card and the recording format is in 
the MFM format. See Figure 1. The inter-sector gaps are 
shown as G1. G2. G3. and G4. 
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Hexadecimal 
Byte 

Number Of 
Binary Bytes 

16 Sectors 

9 Sectors 

5 Sectors 

Write Gate 

Notes: (I) 
(2) 
(J) 
(4) 

(5) 

Gl 

4E 

32 

.. 
... 

Sync 

00 

12 

Repeated For Each Record 

10 Field ---+ 

AM 

4 

10 I CRC 

(2) (J) 

4 2 

G2 

4E 

22 

.. 
Sync 

00 

12 

Data Field 

AM Data CRC 

(4 ) (5) (J) 

1 2 

256 

512 

WG Off G3 G4 

4E 4E 4E 

1 1 
53 266 

83 296 

1024 1115 208 

10 Address Mark With Missing Clock 
Cyl inder Number, Head Number, Sector Number, and Physic.al Record Length 
Generated by CRC Generator. 
Data Address Mark With Missing Clock 
Deleted Data Address Mark With'Missing Clock 
Users Data 

Figure 1. MFM Sectored Format 
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Control Storage To Drive Interconnections 

The IML diskette drive has two connectors. Connector PI / J 1 
connects the digital I/O signals, and connector P2/ J2 connects 
the +5 V dc and the ~ 12 V dc. The interconnections second 
level diagram in Figure 1 identifies the pin assignments for these 
connectors. 

Figure 2 is a timing chart showing the signal lines and their 
relationship. 

Drive Select 0 To Disk 

An active level on the 'drive select to disk' (OSO) line (pin E of 
the J 1 connector) permits communication between the individual 
drive and the control storage card. 

The drive select address is selected by a pluggable jumper. The 
OSO jumper is installed at the plant and must be inserted in the 
OSO position for correct operation. When the two OSO jumper 
pins are shorted, the IML drive is activated by an active signal 
on the 'drive select to disk' line. 

Motor On To Disk 

An active level on pin J of the J 1 connector enables the drive 
motor. One-half second is required after 'motor on' is activated 
for the spindle to come up to speed before reading or writing on 
the diskette is permitted. Pin J is deactivated for maximum 
motor life if no commands are issued to the drive within two 
seconds (10 media revolutions) after completion of a preceding 
command. 

Direction Select To Disk 

'Direction select' (pin K of the J 1 connector) defines the 
direction of the read/write head. An active level on this line 
causes the head positioning mechanism to move the read/write 
head toward the center of the diskette when the 'step' line 
becomes active. 

When the 'direction select' line is not active, the 'step' line 
causes the head positioning mechanism to move the read/write 
head away from the center of the diskette. 

Step To Disk 

When the 'step' line is active on pin L of the J 1 connector the 
read/write head is moved one track. The direction is controlled 
by the 'direction select' line. 

Write Data To Disk 

The data that is written on the diskette is sent on pin M of the 
J 1 connector. Each transition on pin M from not active to active 
causes the write current direction through the write head to be 
reversed. 

3480 MI EC336395 
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Write Gate To Disk 

An active level on pin N of the J 1 connector enables the write 
current, and disables the stepping (head positioning) circuits. 
With pin N not active, the read circuits are enabled .. 

Side Select To Disk 

The 'side select' line (pin T of the J 1 connector) defines which 
surface of a two-sided diskette is to be accessed for writing or 
reading data. An active level on pin T selects the read/write 
head for diskette side 1 (the side facing the printed circuit 
board). With pin T not active, side a (the diskette side facing 
the disk drive chassis) of the diskette is selected. When 
switching from side to side, a 100 microsecond delay is 
provided before any read or write operation can be performed. 

Drive to Control Storage Interconnections 

Index From Disk 

This signal on pin 0 of the J 1 connector is provided by the drive 
once each diskette revolution. The leading (negative going) edge 
of the Index pulse indicates to the control unit the beginning of a 
track. 

Track 00 From Disk 

When pin P of the J 1 connector is active it indicates that the 
read/write head is positioned at track 00. 

Write Protect From Disk 

This line is not used: 

Note: IML diskettes can be written on when file 
protected. 

Read Data From Disk 

Data on pin S of the J 1 connector is read from the diskette to 
the host system in the same form as when it was written on the 
diskette. 

IMl Diskette Drive (Continued) OPER 230 
Note: See Loc 1 for Jl Signal 

Connector Pin Designation. 

Drive Select To Disk 
Control 
Storage - Motor On To Disk 
Card 

- Direction Select To Disk 

- Step To Disk 

- Wr i te Data To Disk 

- Write Gate To Disk 

- Side Select To Disk 

Note: Pins A, B, C, F, H, 
are not used. 

CU-IML-Jl Signal Connector 

t t 
E D - Index From Disk 

IML 
J Diskette P - Track a From Disk 

Drive 
K R - Wr i te Protect From Disk 

L S - Read Data From Disk 

M 
Signal Return (Jl connector 

N - pins 4, 5, and 8 through -
16 are also grounded) 

T 

and U Note: Pins I, 2, 3, 6, 7, 
and 17 are not used. 

CU-IML-J2 CU-IML-J2 
DC Power Connector DC Power Connector 

! t 
+5 V dc 3 +5 V dc Ret urn 

+12 V dc 1 2 +12 V dc Re turn See Field 
See Field Wi re Wi re Net 
Net List List 

+12 V dc +12V dc Ret urn 
See Voltage See Voltage 

Contro 1 
Storage 
Card 

01A-A1C2 Distribution List Distribution 01A-A1C2 

Figure 1. Control Storage To/From IML Diskette Drive 
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Figure 2. Controls and Data Timing Chart 
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IML Diate Drive oper.n (Continued) 0 
Control storage To Drive Interconnections 

The IML diskette drive has two connectors. Connector P1/J1 
connects the digital I/O signals, and connector P2/J2 connects 
the + 5 V dc and the + 12 V dc. The interconnections second 
level diagram in Figure 1 identifies the pin assignments for these 
connectors. 

Figure 2 is a timing chart showing the signal lines and their 
relationship. 

Drive Select 0 To Disk 

An active level on the 'drive select to disk' (DSO) line (pin E of the 
J1 connector) permits communication between the individual 
drive and the control storage card. 

The drive select address is selected by a pluggable jumper. The 
DSO jumper is installed at the plant and must be inserted in the 
DSO position for correct operation. When the two DSO jumper 
pins are shorted, the IML drive is activated by an active signal on 
the 'drive select to disk' line. 

Motor On To Disk 

An active level on pin J of the J1 connector enables the drive 
motor. One-half second is required after 'motor on' is activated 
for the spindle to come up to speed before reading or writing on 
the diskette is permitted. Pin J is deactivated for maximum 
motor life if no commands are issued to the drive within two 
seconds (10 media revolutions) after completion of a preceding 
command. 

Direction Select To Disk 

'Direction select' (pin K of the J1 connector) defines the direction 
of the read/write head. An active level on this line causes the 
head positioning mechanism to move the read/write head toward 
the center of the diskette when the 'step' line becomes active. 

When the 'direction select' line is not active, the 'step' line 
causes the head positioning mechanism to move the read/write 
head away from the center of the diskette. 

Step To Disk 

When the 'step' line is active on pin L of the J1 connector the 
read/write head is moved one track. The direction is controlled 
by the 'direction select' line. 

3480 MI EC A57723 
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Write Data To Disk 

The data that is written on the diskette is sent on pin M of the J1 
connector. Each transition on pin M from not active to active 
causes the write current direction through the write head to be 
reversed. 

Write Gate To Disk 

An active level on pin N of the J1 connector enables the write 
current, and disables the stepping (head positioning) circuits. 
With pin N not active, the read circuits are enabled .. 

Side Select To Disk 

The 'side selecf line (pin T of the J1 connector) defines which 
surface of a two-sided diskette is to be accessed for writing or 
reading data. An active level on pin T selects the read/write 
head for diskette side 1 (the side facing the printed circuit board). 
With pin T not active, side 0 (the diskette side facing the disk 
drive chassis) of the diskette is selected. When switching from 
side to side, a 100 microsecond delay is provided before any 
read or write operation can be performed. 

Drive to Control Storage Interconnections 

Index From Disk 

This signal on pin 0 of the J1 connector is provided by the drive 
once each diskette revolution. The leading (negative going) edge 
of the Index pulse indicates to the control unit the beginning of a 
track. 

Track 00 From Disk 

When pin P of the J1 connector is active it indicates that the 
read/write head is positioned at track 00. 

Write Protect From Disk 

Diskettes that are write protected will cause an error during 
Power On and IML. 

Read Data From Disk 

Data on pin S of the J1 connector is read from the diskette to the 
host system in the same form as when it was written on the 
diskette. 

o o OIML Diskette DriOContlnUed) 

Note: See loc 1 for J1 Signal 
Connector Pin Designation. 

CU-IHl-Jl Signal Connector 

~ ~ 
Drive Select To Disk E D - Index From Disk 

Control IHL 
Storage - Motor On To Disk J Di skette P - Track 0 From Disk 
Card Drive 

- Direction Select To Disk K R - Write Protect From Disk 

- Step To Disk l S - Read Data From Disk 

- Write Data To Disk H 
Signal Return (J1 connector 

- Write Gate To Disk N r-- pins 4, 5, and 8 through -
16 are also grounded) 

- Side Select To Disk T 

Note: Pins A, B, C, F, H, and U Note: Pins 1, 2, 3, 6, 7, 
are not used. and 17 are not used. 

CU-IHl-J2 CU-IHl-J2 
DC Power Connector DC Power Connector 

~ ~ 
+5 V dc 4 3 +5 V dc Return 

+12 V dc 1 2 +12 V dc Return See Field 
See Field Wire Wire Net 
Net li st list 

+12 V dc +12V dc Return 
See Voltage See Voltage 

eIA-AIC2 Distribution List Distribution 
list 

Figure 1. Control Storage To/From IML Diskette Drive 
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Automatic Cartridge Loader 

The diagram shows the functional areas of the automatic 
cartridge loader. This topic explains the purpose of the 
functional areas. A brief description of the functional areas is 
included. 

• Loader Operator Panel 

• Loader Control Card 

• Loader Mechanical Assembly 

• Load Assembly. 

The Loader Operator Panel Consists Of: 

• Mode Selection Switch 

• Start Switch 

• Attention Indicator 

• Power Indicator. 

Mode Selection Switch 

The mode selection switch has three positions and can be 
changed at any time by the operator. Generally, the device will 
switch to the new mode automatically, without any other operator 
action. The exception is switching to auto mode. The start 
switch must be depressed to activate the new mode. 

Automatic Mode 

In this mode, cartridges in the input stack will be sequentially 
loaded into the drive, and upon completion of use by the drive, 
will be unloaded and positioned in the output stack. 

Manual Mode 

In this mode, cartridges are manually inserted into any position 
of the input station by the operator. When the drive unloads, the 
cartridge will remain at the feed station. 

System Mode 

This mode incorporates the attributes of both the automatic and 
manual modes .. This mode is valid only on MVS systems (the 
ones that support the "Load Display" Command). Any other 
system will not allow the automatic cartridge loader to operate in 
this mode. 

3480 MI ECA57693 
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Start Switch 

This switch is used to initialize auto or system mode, reinitialize 
auto or system mode, or to activate each manual load cycle. The 
start switch i'3 also used to remove a cartridge from the feed 
station when the attention indicator is flashing and a cartridge is 
in the 3480. 

Attention Indicator 

When flashing, it indicates an operator action is required. The 
operator should remove the cartridge from the output stack or 
press the automatic cartridge loader start switch to clear the 
attention condition. When on solid, it indicates an error condition 
exists. If in a recovery mode and the light is on solid, press the 
drive unload switch to clear the solid attention light on the 
automatic cartridge loader. 

Power Indicator 

Indicates when DC power is on at the automatic cartridge loader. 

Loader Control Card 

This card contains the microprocessor, drivers, memory and 
interfaces to the sensors, motors, automatic loader operator 
panel and tape drive. After getting an IML load from the CU by 
way of the tape drive, the card will control all the motions of the 
automatic cartridge loader. 

Loader Mechanical Assembly 

This assembly contains all the components required to hold, 
load, unload and stack cartridges. The assembly consists of 
these major components: 

• Input Stack Assembly 

• Feed Assembly 

• Output Stack Assembly. 

Input Stack Assembly 

The input stack assembly holds the cartridges and moves them 
into position to be fed into the 3480. 

Feed Assembly 

The feed assembly feeds the cartridge into the load assembly or 
removes the cartridge from the load assembly and moves It to 
the output stack assembly. 

o o 

Output Stack Assembly 

The output stack assembly receives the cartridge from the feed 
assembly and stacks it for later operator removal. 

Load Assembly 

The load assembly consists of all the parts required to position 
the tape cartridge within the tape drive for loading. It replaces 
the cartridge latch assembly on drives without automatic 
cartridge loaders. 

Automatic Cartridge Loader Sensors and Motors 

Load Motor Complete Sensor 

This senses a disk on the output shaft of the load motor and is 
used for positioning the motor at its up or down position. 

Cartridge Latched Sensor 

This sensor indicates that the loader tray is in the down position 
where the tape drive can thread tape. This sensor initiates the 
thread operation. The tape drive also uses this to control how 
long the latch solenoid signal is left on. 

Cartridge Present Sensor 

This indicates that a cartridge is present in the loader tray. It 
becomes active before the cartridge has been pushed all the way 
into the tray. The cleaning cartridge does not activate this 
sensor when it is in the tray. 

File Protect Switch 

This is used to detect the file protect condition of the cartridge. It 
is also used to indicate that a cleaning cartridge is in the tray if 
the cartridge present sensor is not active. 

Feed Complete Switch 

This indicates that a cartridge has been pushed all the way into 
the loader tray so that when the tray is driven down, the cartridge 
will seat on the alignment pins. This will indicate to the feeder 
that the forward drive can be turned off, the tracks opened and 
the load motor may be driven down. 

Cartridge in Stack Sensor 

This indicates that cartridges are loaded in one or more of the 
top five cells of the input stack. 

This motor is used to drive the load tray up or down to release or 
seat the cartridge on the aligning pins. 

o o o 
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Input Motor 

This motor is used to drive the input rail assemblies down to 
position the cartridge for insertion by the feed assembly. 

Cartridge Staged Sensor 

This senses that a cartridge is in feed station. 

Tracks Feed Sensor 

This sensor indicates that the tracks have moved in from their 
open position. 

Tracks Closed Sensor 

This indicates that the tracks have closed past the position where 
they stop if a cartridge was anywhere in the feed position. This 
is used to sense if a cartridge is in the feed position. 

Extract Complete Sensor 

This indicates that a cartridge has been fed completely back into 
the feed position in the stack. With this indication, the feeder 
motor will stop. 

Stack Up Position Sensor 

This sensor is used to position the output stack. 

Stack Low Position Sensor 

This indicates that the output stack is full. This condition will 
inhibit input stack operations until cartridges are removed from 
the output stack. 

Feeder Solenoid 

This solenoid is used to force the feeder belts against the sides 
of the cartridge on either a load or unload·operation. 

Feed Motors Right and Len 

These motors turn the feed belts that drive the cartridge into or 
out of the load assembly. 

Output Motor 

This motor is used to drive the output stack assembly up or down 
thru a worm gear and threaded shaft. 
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Real Time Statistical Analysis and Reporting System 

Real Time Statistical Analysis and Reporting 
System 

Statistics or counts of specified hardware events are 
accumulated each and every time a cartridge is mounted. These 
statistics are then combined with the preceding history 01 the 
device to produce measures of performance trends for the 
device. Alert messages are generated when service 
representative action is required. When statistics indicate the 
customer should clean the drive, a "CLEAN" message is posted 
on the drive's message display pod. 

There is a device condensed statistical history data record for 
each device attached to a control unit. These records are used 
to develop device dependent performance trends for generating 
alert messages for the device. These records are also used to 
develop string and control unit performance trends for 
generating alert messages for the string or control unit. 

These hardware performance measures are used to identify: 

• When a device requires cleaning. 

• When a device is degraded in performance and should be 
repaired. 

• When a string of devices are degraded in performance and 
should be repaired. 

• When a control unit is degraded in performance and should 
be repaired. 
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