
























































































































































Subroutines
These routines are used by many of the above described routines.

e SELU, SELUA - sets the track and unit numbers on the tape unit interfaces,
thén asserts the select line, thereby '"selecting' the desired unit.

e SELUA - selects the track last used on the unit.

® SELU - selects the track specified in the command.

e SREADY - tests that the selected unit is selected, '"Ready', and not Rewinding.
If not, a not ready exit is taken, posting an abnormal condition status and
calling SQINT.

e SGETCB - fetches the 7 byte control block (CB) from main memory by reading
addresses 70, - 761 . It then places the address portions of the CB in
the DMA Address Register and returns with the byte count in the DE register
pair, the 16 address LSBs in the HL pair and the Index bytes in Read/Write
Memory.

e SMOT - starts tape motion, providing appropriate delays to ensure proper gap
size and proper head positioning before tape is written or read. SMOT tests
for forward or reverse tape motion, setting the appropriate control signal
to the selected tape unit. After SMOT commands the units to Move, it
samples the units BSY (busy) status to insure it goes busy - if not, tape
is either at physical EOT (forward motion) or BOT (reverse motion). If this
occurs, control is not returned to the calling routine, instead the status
is updated to reflect an "error'" exit to ''IERR3A".

e SDAD - this routine simply tests the tape units Data Detected (DAD) which
is connected as bit 1.

® SBOT - test for BOT. This routine aborts reverse motion commands issued

to a unit positioned at BOT and insures that the Load Point area of the
Tape is not used by any of the forward commands.

A1.3 PHYSICAL REQUIREMENTS
The Controller will be installed in the card cage of a standard Basic Four data
processing system. All clearance and airflow provisions normal to the Basic Four

system will be observed.

Al1.3.1 GENERAL SPECIFICATIONS
The general specifications including Electrical, Interface, and Environmental are

listed in Table Al-3.
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TABLE Al-3. GENERAL SPECIFICATIONS

Parameters Characteristics
ELECTRICAL REQUIREMENTS
DC Voltage +5V £ 25V
DC Current 3.8A

INTERFACE REQUIREMENTS
Signal Levels

(Standard TTL)

Termination

ENVIRONMENTAL REQUIREMENTS
Operating Temperature
Operating Humidity
Operating Elevation

Storage and Shipping Altitude

0.0 to +0.4 V equals logic low
+2.4 to Vcc equals logic high

A1l lines exceeding 2 feet will
terminate with 220 ohm pull up

resistors and 333 ohm pull down
resistors

65°F to 75°F (18°C to 25°C)
40% to 60% non-condensation
-500 to 7,000 feet above sea level

-500 to 30,000 feet above sea level
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Al.4 OPTIONS

(This Page Left Intentionally Blank)
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SECTION 2

INSTALLATION

A2.1 GENERAL DESCRIPTION
The installation procedures are explained in the System Manual and the MTCD

installation. They are therefore not repeated here.
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SECTION 3

MAINTENANCE

A3.1 GENERAL DESCRIPTION

Maintenance of the Controller is limited to replacement of the Controller itself.

"This section will explain the Controller function only as an aid to the Service

Engineer in troubleshooting.

A Functional Block Diagram is shown in Figure A3-1.
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A3-2

The Controller is a complete link between the computer program and the tape unit.
The Controller performs command decoding, tape start/stop timing generation, tape

record formatting, tape position, status reporting, and interrupt control. As such,

it is a combination of Controller/Formatter.

The Controller is designed around a Z80 MOS Microprocessor. The three major

functional (logic) blocks begin with the microprocessor logic.

A3.1.1 MICROPROCESSOR LOGIC
Memory addressing and I/0 ranges are limited by design to be sufficient for use in
this environment. The Microcomputer is comprised of the Z80, clock generator,

buffers for Z80 address, and control line, memory bank, and I/O decoders.

The clock circuit divides the 5 megahertz CPU clock CPH2- by two, creating a

2.5 megahertz square wave clock. This clock is driven to most other clocked
functions on the board. The buffers increase the drive capability of the Z80
outputs to drive the multiple TTL loads on the Controller. The memory bank

decoder 6L translates Z80 address bits 9, 10, and 11 into eight 512 byte bank select
lines. Since address lines 12 thru 15 are not connected, the memory address space
consists of 4 kilobytes. By convention, the firmware for the Controller places

this 4 kilobyte space in addresses 000016 thru OCFF16. The address decoder is

enabled by the Z80 MREQ signal, creating unique ''chip enable' outputs from the

decoder. These select lines are directly connected to PROM and RAM chip enable pins.

The two I/0 decoders (6D, 8F) are similar in their implementation. Both are enabled
by the Z80 I and address bit 5. They are selectively enabled by the WR (write)
and RD (read) control lines. They decode the three LSB address lines. Because
address bit 5 is an enable, the decoders are active for I ports with addresses

XXIXXyyy where X can be 0 or 1 and yyy is a 3 bit code.
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So, for each yyy there are XXXX (16) possible occurrences. By firmware conyentions
the XXXX is always set to 0000, so the I/O decoders actually decode ports 2016 thru
2716' Due to the timing relationship of the address lines and the I0O-, RD-, and WR
control lines, the decoder outputs are ''glitch-free'" pulses. This is important as

it allows the decoder outputs to be directly connected to the flip-flop clock and

clear pins.

The Read/Write Memory's (RWM) and Read Only Memory's are 256 x 4 bit and 512 x 8 bi-
parts, respectively. The two RWM chips are enabled together to provide a 256 byte
Read/Write Memory array (Note that 246 bytes of the '"'space'" enable by MBK6- are
unused). Each prom chip is uniquely enabled by one memory decode signal. The
Controller has sockets for 6 ROM's, the seventh decode (MBK7-) is unused. The

six sockets may not all be used, depending on the size of the firmware package.

Finally, the Data Bus Buffers created a high-fanout bidirectional bus from the 1-TTI
load drive of the Z80. (Note that the Read/Write Memories (which are very low-fanir
MOS parts) connect to the actual Z80 bus.) All other parts are connected to the

high—fanout bus.

The following tasks are performed by microprocessor logic:
1. Decode of all commands.
2. Monitoring and posting tape unit status.
3. Generation of all tape unit control signals and timing.
4. Formatting of records written on tape.
5. Byte-by-byte control of data transfers.

6. Initiation of interrupts.

The detailed control for each of the Controller operations resides in read-only-
memory-resident firmware routines. A minimal amount of Random Access Memory is

provided for scratch pad use by the firmware.
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A3.1.2 COMPUTER INTERFACE LOGIC

This is composed of two parts, Programmed I/O and Direct Memory Access (DMA).

Programmed I/0

The Programmed I/0 logic is used to receive and latch commands from the Basic Four
CPU (hereafter called CPU). It also holds and reports status to the CPU. It
decodes and latches the Initial Program Load (IPL) bus cycle, and performs the

external interrupt function to the CPU.

The Programmed I/0 logic does not operate on commands and status in any way. It
serves only as a holding function and provides the response time necessary to
participate in the CPU bus cycles (which the Z80 cannot respond to directly).
The content of the command and status data bytes is controlled entirely by Z80

firmware.

- DMA

The DMA  (Direct Memory Access) logic is again mostly passive. An incrementing
address register holds the address in Basic Four computer memory. The address is
established by Z80 firmware accordint to the operation being performed (control

block fetching, data transfer, status transfers, etc.). There is no direct
connection of the DMA logic to any Cartridge Tape Controller (CTC) function other
than the microprocessor. Memory input and output data is also handled passively.
The DMA logic merely contains latches to hold the data. Data is always provided

by or received by the Z80 firmware. The DMA logic in no way assigns any significance

to either data or address.

The active portion of the DMA logic is the DMA control. This logic participates
in all memory transfers, providing control signals, enabling address, and data is

in proper timing sequence for operation with a BFC memory module.
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Logic is included to allow the CTC to be placed in a DMA priority daisy chain; this
enables the CTC to perform byte interweaving of DMA operations with other controlle

equipped with this daisy chain logic.

Logic is included to decode bus cycles and perform the following bus operations:
1. Command and main status transmission over I/O bus.
2. Data, control, and auxiliary status input and output over DMA channel.

3. External interrupts.

A3.1.3 MAGNETIC TAPE (MTCD) INTERFACE LOGIC

The MTCD interface hardware includes logic for performing byte data transfers with
the microprocessor and converting them to serial data transfers with the MICD. The
microprocessor does not deal with the bit-to-bit timing details of the MICD data

transfers.

A set of individually settable/resettable discrete latches is provided to supply
control signals to the MTCD. The microprocessor firmware has direct control over
these control lines. Thus, all the details of MICD control timing and sequence
(i.e., the tape formatting/positioning functions) is resident in Z80 firmware.

The control logic in the MTCD interface is, therefore, mainly passive.

MTCD status is routed through a set of latches that allow the firmware to
read it. The MTCD hardware does not react to MICD status or status changes
there are minor exceptions to this which will be discussed in the detailed

description of the logic).

The data handling portion of the MTCD interface logic consists of the following
functions:
1. A shift register for parallel-to-serial and serial-to-parallel conversion.

2. Bit counters to define 8-bit byte increments of data.
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3. CRC generation and checking logic.
4, Logic to synchronize tape unit strobes and data to internal CTC timing.

5. Z80 interrupt logic for read-after-write control and escape from tape unit
hang-up situations.

This functional block contains the line drivers and receivers, data buffer registers
and the decode logic necessary for the microprocessor to control the tape unit(s).

Hardware for read and write CRC calculations is included.

A3.2 FUNCTIONAL PARAMETERS

Data reliability of the Controller is subject to the limits of the MTCD.

Soft Error Rate (Recoverable Errors) is not more than one error in 108 bits of data

transferred.
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SECTION 4

RECOMMENDED SPARE PARTS/GLOSSARY

A4.1 RECOMMENDED SPARE PARTS LIST

TABLE A4-1. SPARE PARTS

Item BFC/MM - Vendor

Number Number Part Number - Description Quantity
1 B903030 610010 Controller, PCB 1
2 900960-002 610710 Cable 1

A4.2 GLOSSARY OF MNEMONICS

MNEMONIC

AC

BF

BOT

MEANING

Abnormal Condition. This bit amplifies the FP, CRC and EOT bits
When set in conjunction with'FP, AC indicates a write command
was issued to a File Protected Unit, the command is aborted.
When set in conjunction with EOT, AC indicates tape has reached
physical End of Tape (EOT). When set in conjunction with CRC,
AC indicates a data dropout has occurred during a Read or Write
Command. The last command has therefore reached an unpredictabl
conclusion. '

AC will be set if the Not Reédy, Device Busy, or Illegal Command
situations occur. These conditions are reflected in the
Auxiliary Status byte.

AC will also be set if a Read, Read Format, or Write Command is
issued with a DMA Byte count of 0 in the Control Block.

Busy Flag. This bit allows the Controller to be run in an
interrupt-drive environment or a test flag environment. When
busy, the Controller will set the Busy Flag. If the Busy Flag
is set, the software should not issue any commands to the
Controller. The Controller will reset BF when it is again read)
to accept a new command.

NOTE: The Controller can take up to 500 microseconds to set the
Busy Flag after a command has been received.

The tape in the cartridge is positioned at the Beginning of

Tape (BOT).
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MNEMONIC

CC

CRC

EOT

FM

FP

MEANING

1 - Command Complete Interrupt
0 - Attention Interrupt

This bit is set if during a read or read-after-write operation,
a CRC error is detected.

The tape in the cartridge is positioned in the End of Tape (EOT)
warning area or is physically the EOT. This latter condition
is undesirable. When it occurs, bit 0 (AC) is also set.

File Mark. This bit is set after a Write File Mark command or
after a Read or Space command that terminates immediately after
traversing a File Mark record.

The tape unit is loaded with a cartridge that is file protected
(refer also to AC).

AUXILIARY STATUS BYTE

MNEMONIC

DB

IC

NR

TR

A4-2 #

MEANING

Device Busy. The desired unit is busy rewinding.

Illegal Command Code.

Not Ready. The desired tape unit is not ready for one or more
of the following reasons:

1. Power (+5 volts dc) not applied to the unit.
2. No cartridge installed.
3. The BOT/EOT sensor lamp is burned out.

When set, indicates that the command just completed was performed
in the test mode.

Track Number. The binary coded number of the track selected
during performance of the command. This will always agree to
the TR field in the command, except that TR will always be 0
for a rewind termination.

Unit Number. The number of the unit or test associated with
the interrupt.



SECTION 5

REFERENCE DATA

5.1 REFERENCE DATA
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Major Flow Diagrams

Sheet_ Contents
1 of 3 : Control Structure
2 of 3 | Non-Data-Transfer Commands
3 of 3 data Transfer Commands
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