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Preface

This manual contains the theory of operation and depot-level maintenance information for the
following components of the FD1000 Flexible Disk System:

Device Part Number
TILINE Flexible Disk Controller (multilayer) 2261690-0001
TILINE Flexible Disk Controller (fineline) 2267295-0001
International Chassis Power Supply 2261695-0001
Buffered International Chassis Power Supply 2269979-0001

The TILINE Flexibie Disk Controller (TFDC) is a major component of the Model FD1000 Flexible
Disk System {with domestic chassis) and the Model FD1000A/B Fiexible Disk System (with inter-
naticnal chassis). The International Chassis Power Supply is a major component of the interna-
tional chassis that is supplied with the FD1000A/B disk system.

Volume | of this manual contains Sections 1, 2, and 3. Volume Il contains the appendixes. The sec-
tions and appendixes are:

Section

1 General Description — Standard equipment interconnections, physical descriptions,
control and status word summary, diskette formats.

2  Theory of Operation — Detailed theory of operation, proceeding from the basic block
diagram level to the logic diagrams, state diagrams and timing diagrams. Includes
description of control program firmware.

3  Maintenance — Checkout, troubleshooting, and fault isolation based on self-tests, ex-
tended self-tests, and diagnostic software.

Appendix
A 9900 Control Program Flowcharts
B 9900 Control Program Listing

C Signature Dictionary — Power Supply/Interface Board

22618859701 iii
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D Signature Dictionary — TFDC Board
E Diagrams — TFDC
F  Diagrams — Power Supply/Interface Board

The following documents contain additional information related to FD1000 and FD1000A/B
systems:

Title Part Number

Model 990 Computer Model FD1000 Flexible Disk
System Installation and Operation 2261886-9701

Mode! 990 Computer Model FD10G0 Flexible Disk
System with International Chassis Installation and
Operation ' 2250698-9701

Model 990 Computer Model FD1000 Flexible Disk
System Field Maintenance Manual 09454199703

Model 990 Computer Unit Diagnostics Handbook
Volume 1 General 990 Unit Diagnostic Information 0945400-9701
Volume 3 Diagnostics for 990 Mass Storage Devices 0945400-9703

Model 990 Computer Family Maintenance Drawings

Volume | Computer Chassis and Enclosures 0945421-9701
Volume Il Processors and Memories 0945421-9702
Volume IV TILINE Expansion and Peripherals 0945421-9704

Model 990 Computer TMS 9900 Microprocessor
Assembly Language Programmer’s Guide 0943441-9701

Model 990/12 Computer Assembly Language
Programmer’s Guide 2250077-9701

iv 2261885-9701
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GENERAL DESCRIPTION

1.1 GENERAL

The Model FD1000 Flexible Disk System provides on-line mass storage and convenient off-line ar-
chival storage to supplement the main memory of a Model 990 Computer with TILINE* parallel
data bus. This manual provides an overview of the flexible disk system and detailed depot
maintenance information for the following system components:

Component Part Number
TILINE Flexible Disk Controller (multilayer version) 2261690-0001
TILINE Flexible Disk Controller (fineline version) 2267295-0001
International Chassis Power Supply 2261694-0001
Buffered International Chassis Power Supply 2269977-0001

An FD1000 system includes either the multilayer or the fineline version of the TILINE Flexible Disk
Controller (TFDC). These two logic boards differ in component layout, but operate in a nearly iden-
tical manner.

FD100C systems may include either the domestic chassis with a standard commercial power sup-
ply or the international chassis with either the International Chassis Power Supply or the Buffered
international Chassis Power Supply. Either version of the international power supply performs
signal interface functions in addition to providing dc power. For this reason, the term “power
supply/interface board” is used in this manual to refer to either version of the international
chassis power supply.

Double-sided, double-density (DSDD) diskettes are the standard storage media for the flexible
disk system. These diskettes store up to 1.2 megabytes of data (formatted) with a record format
directly compatible with the DX10 operating system file structure. FD1000 systems also accept
single-sided, single-density (SSSD) diskettes for transportability to Texas Instruments FD800 and
iBM 3740 systems. Utility programs (provided in DX10) are required to perform file translation to or
from single-sided diskettes. Note also that any software that includes FD800 device-dependent
code will not self-load in an FD1000 system.

* Trademark of Texas Instruments Incorporated
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General Description

FD1000 system features include:

e Single-board controller that operates up to four drives with any mix of single-sided and
double-sided diskettes

e  Automatic diskette type detection and operating mode selection
. Positive write protect (ANSI standard)

e  Programmable interlacing capability that allows disk system response to be optimized
to a user’s software system

] Remote drives up to 300 feet from the controller board (international chassis only)
e  Automatic self-test and extensive on-board diagnostic test capabiiity

. International chassis version meets international regulatory agency requirements for
safety, electromagnetic radiation, and design practice.

FD1000 systems may include either the domestic chassis or the international chassis: Either
chassis provides physical mounting and dc power for one or two diskette drive units in a tabletop
or rackmount configuration. Cabling provisions differ, as the domestic chassis uses a jocal-daisy-
chain bus cable and the international chassis uses a remote serial interface. Parallel/serial conver-
sion in the international chassis is performed by the power supply/interface board.

The FD1000 flexible disk system with international chassis is compatible with any Model 990
Computer that incorporates the TILINE data bus. The international version meets the safety, radia-
tion, and design practice requirements of the major international regulatory agencies, such as UL,
VDE, and CSA.

The domestic chassis contains a standard modular power supply that does not incorporate signal
interface functions. The domestic chassis is not compatible with the 17-slot computer chassis
due to restrictions against flat cables in that chassis. The domestic chassis has been phased out
of production in favor of the international chassis.

NOTE

The international chassis with DSDD drives is designated as Model
FD1000A or FD1000B to distinguish it from the domestic chassis.

1.2 SUBSYSTEM DESCRIPTION

Figure 1-1 is a block diagram of the flexible disk system with the domestic chassis. Note that all
drive units are connected along a single bus. Figure 1-2 is the corresponding block diagram for the
FD1000A/B international chassis. One controiler cable is required by each international chassis.
An intrachassis parallel bus (internal to the chassis) serves one or two drives.
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Figure 1-1. Simplified Diagram of Flexible Disk System with Domestic Chassis

The TFDC is a full-width circuit board occupying one full slot in the 990 computer chassis or
TILINE expansion chassis. The 990 central processor unit (CPU) initiates, controls, and checks the
status of TFDC operations via a block of eight reserved TILINE addresses. Once the operation has
been initiated, the TFDC manages the necessary record location, control/status signal inter-
change, TILINE memory access, data transmission, error checking, and format conversion opera-
tions. Upon completion of the operation, the 990 CPU may read back one or all of the control word
addresses that now contain controller, drive, and operation status information. This is the same
control/status scheme used by the DS31, DS10, and DS25/DS50 hard-disk systems.
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Figure 1-2. Simplified Diagram of Flexible Disk System with International Chassis

The control words are transmitted to or from the controller using any of the 990/9900 instructions
that involve memory data transfer, such as MOV. The control word scheme is transparent to the
user of a Texas Instruments operating system because the device service routine (DSR) handies
all of these details. Maintenance personnel may need to enter commands via the 990 programmer

panel or the diagnostic operation control system (DOCS) batch stream verbs.
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General Description

The controller may select any one of four drive units for operation. Individual drive select signals
to the drive units enable the interchange of control, status, and data signals between the selected
drive and the controller. Data between the controller and the selected drive is exchanged over
serial read data and write data lines. Data is recorded in frequency-modulated (FM) mode for a
single-sided diskette and modified FM (MFM) mode for a DSDD diskette. Sensors in each drive
automatically sense the type of diskette installed. A status signal from the selected drive unit to
the controller identifies the diskette type.

1.3 SYSTEM CONFIGURATION

The controller has two remote input/output connectors and one local connector. The local
input/output connector is used with the domestic chassis, and the remote connectors are used
with the international chassis.

1.3.1 FD1000 Domestic System Configuration

The domestic chassis, marked “FD1000” on the chassis rear panel nameplate, requires a 50-pin,
flat, daisy-chain cable as shown in Figures 1-3 through 1-5. Notice that the daisy-chain cable con-
nects directily to edge connectors on the drive units in the domestic chassis. The flat cable con-
nectors are not keyed, so it is possible to accidentally reverse a cable connector. The red index
stripe goes to the right of the drive connector as viewed from the rear of the drive.

50—CONDUCTOR FLAT CABLE
945951—1 £DUAL3 OR
945952-1 (QUAD

-~

J5 Ja J3 0oan
EXCESS CONNECTOR(S) TILINE FLEXIBLE DISK 80-PIN BUS
TIED BACK AND CONTROLLER (TFDC) CONNECTOR
TAPED OVER A > INSERTED IN
2267295 CHASSIS
gl —
P2 P1
TERMINATOR N
NE"WORK r ---------------- - ﬁ
INSTALLED i !
1 VACANT LOCATION !
CIRCUIT BOARD ' . FOR SECOND DRIVE '
EDGE CONNECTOR 1 1
Jr N0 N e e - am - - - ——— - .|

> FLEXIBLE
DISK CHASSIS

FD1000 FLEXIBLE
DISK DRIVE UNIT

2261686

2277068 -

Figure 1-3. Domestic FD1000 System Configuration — Single Drive

2261885-9701 1-5



General Description
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J5 Ja J3 Ooo00o
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igl P2 gigh P1 —

N
FD1000 FLEXIBLE
] J1 DISK DRIVE
2261686 *
ONE TWIST OF CABLE FLEXIBLE
BETWEEN DRIVE UNITS > DISK
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* TERMINATORS
INSTALLED
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DISK DRIVE
2277069 g

Figure 1-4. Domestic FD1000 System Configuration — Dual Drives

The flat cable used with the domestic chassis is limited to 3.06 meters (10 ft) maximum, measured
from the controller to the last chassis.

Regardless of the number of drives on the daisy-chain bus (up to a maximum of four), only the last
drive on the bus requires terminators. Excessive bus loading will occur if more than one drive on
the bus is equipped with terminators.

1.3.2 FD1000A International System Configuration

An FD1000A configuration is identified by the FD1000A nameplate on the international chassis
rear panel. Figures 1-6 through 1-8 show the cabling configurations for FD1000A systems that in-
clude the international chassis and the 2261695 power supply/interface board. These systems use
the 15-pin remote connectors on the controller board and a shielded, multiple twisted-pair cable.

The standard remote cable length for the international chassis is 5 meters. Extension to 100
meters (328 ft) maximum is permitted.

The remote interface between the controller and the international chassis uses multiplexed con-
trol and status signals to reduce the number of wires in the interface cable. Since the remote inter-
face uses differential line drivers and receivers, cable lengths up to 100 meters are possible. The
power supply/interface board in the international chassis performs the status signal multiplexing
and control signal demultiplexing necessary to adapt the drive units to the remote bus.
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Figure 1-5. Domestic FD1000 System Configuration — Four Drives
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One disk drive in each FD1000A international chassis must have terminators installed in order to
properly terminate the intrachassis bus that connects the drive units t¢c the power supply/interface
board. This drive is the one on the left (as viewed from the front).

Drive unit number selection is determined by individual jumpers on the drive electronics boards. A
jumper cap is set to the DS1, DS2, DS3, or DS4 position. No two jumpers may be set for the same
drive select number. Note that the unit number selection code in the TFDC control words runs
from 0-3, corresponding to jumper positions DS1-DS4 respectively.
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Figure 1-6. FD1000A International Configuration — Single Drive
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Figure 1-7. FD1000A International Configuration — Dual Drives
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Figure 1-8. FD1000A International Configuration — Four Drives

1.3.3 FD1000B International System Configuration

An FD1000B configuration is identified by the FD1000B nameplate on the rear panel of the interna-
tional chassis. Figures 1-9 through 1-11 show the cabling configurations for FD1000B systems
that include the international chassis and the 2269977 buffered power supply/interface board. This

is the newest version of the flexible disk system.

This system uses the 15-pin remote connectors on the controller board and a shielded, multiple

twisted-pair cable.
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Figure 1-9. FD1000B International Configuration — Single Drive

The remote interface between the controller and the international chassis uses multiplexed con-
trol and status signals to reduce the number of wires in the interface cable. Since the remote inter-
face uses differential line drivers and receivers, cable lengths up to 100 meters are possible. The
buffered power supply/interface board in the international chassis performs the status signal
multiplexing and control signal demultiplexing necessary to adapt the drive units to the remote
bus.

The buffered power supply/interface board (2269977) must have a 972141-21 line terminator in-
stalled in order to properly terminate the intrachassis bus. This intrachassis bus connects the
drive units to the buffered power supply/interface board. Terminators are not installed in any drive
units.

Jumper caps on the drive electronics boards are always set to the DS1 position (left drive as
viewed from front) or DS2 position (right drive). The actual drive unit select numbers are deter-
mined by two jumper caps on the buffered power supply/interface board:

Jumper Positions Unit Select
E1-E2 DS1
E4-E5 DS2
E2-E3 DS3
E5-E6 DS4

Note that the unit selection code in the TFDC control words runs from 0-3, corresponding to
DS1-DS4 respectively. .
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Figure 1-10. FD1000B International Configuration — Dual Drives

1.4 DISK CONTROLLER PHYSICAL CHARACTERISTICS

Figure 1-12 and Figure 1-13 show the multilayer (2261690) and fineline (2267295) versions of the
TFDC board. The following description applies equally to both logic boards. Subsequent
paragraphs describe differences in component layout. The 50-pin male connector (J5) at the top
left edge of the TFDC circuit board mates with the local daisy-chain cable. Note that the ribbon
cable and the on-board connector are not positively keyed. The molded arrowheads on the con-
nector bodies must be aligned to assure that the cable is properly mated. The remote connectors,
J3 and J4, are positively keyed by the shape of the connector body.

The TILINE base address for the disk controller board is determined by the setting of a five-section
dual in-line package (DIP) switch at the lower left of the logic board. At system generation, the
operating system software is provided with a base address for each TILINE controller. The
operating system uses that base address any time a command (such as Read Data) is to be sent to
the controlier. If the address used by the operating system software does not agree with the set-
ting of the on-board switches, the controller will not respond and a TILINE timeout error will be
indicated by the CPU. If the FD1000 is the system disk and if the switches on the controller are in-
correctly set, it will be impossible to load the operating system. Switch settings are described in
Section 2 of this manual.

A set of light-emitting diode (LED) indicators on the upper right edge of the board provides a quick
method of determining controller status. In general, these indications apply only to the internal
operating state of the controller; they do not provide information about the condition of the drive
units. .
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Figure 1-11. FD1000B International Configuration — Four Drives

The four LED indicators are arranged in a single row on the multilayer (2261690) board. On the
fineline board (2267295), three indicators are arranged in one row, with the fourth indicator adja-
cent to the ejector tab. The left-to-right order on either board is FAULT (red), INT, BUSY, and
CLOCK.

The red FAULT LED is turned on at the beginning of the controller self-test and remains on until
cleared by successful completion of the test. This is a matter of one or two seconds. Failure of the
self-test leaves the FAULT indicator illuminated and inhibits any operation that involves reading
from or writing to the disk unit. An /O reset or power-up reset initiates the seif-test. If the self-test
fails, the hardware configuration and/or the controller should be investigated.
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General Description

The interrupt (INT) LED is used to display the state of the interrupt line from the disk controller to
the 990 computer. When this indicator is lit (green), the controller has issued an interrupt, and the
computer has not yet responded. Interrupts should be issued and answered so quickly that the
eye cannot detect the indicator flash. If the indicator is brightly lit, an error has occurred, leaving
the controller hung in the interrupt-active condition (typically due to improper software interrupt
assignment).

The BUSY LED is used to tell when the controller is executing a command. When the light is out,
the controller is not executing any commands and is cycling on its internal idle loop. When the
controliler is executing a command, the BUSY light will illuminate and stay on until the command
is complete. The apparent brightness of this indicator is quite variable, depending on the type of
operation being performed or the frequency of sequential operations.

The CLOCK indicator remains lit at all times except when the TILINE master access logic of the
controller is controlling a TILINE data transfer. The transfer of the eight control words to the con-
troller, or TILINE traffic not involving the controller, has no effect on this indicator.
Controller dc power requirements (from the 990 chassis power supply) are:

+5.0 0.1 Vdc at 4.4 A (max)

+12.0 =0.1 Vdc at 0.1 A (max)
—-5.0 +0.05 Vdc at 0.01 A (max)

1.4.1 Component Layout — Multilayer TFDC Board (2261690)

Refer to the board photograph, Figure 1-12. Device locations on this board are based on a horizon-
tal 100-mil grid (1000 mils = 1 inch) and 18 alphabetic rows in the vertical direction. The board is
marked with a horizontal grid reference number every ten 100-mil increments (every inch) along the
lower stiffener. The rows are marked with aiphabetic characters aiong the ieft and right edges of
the board.

Devices are identified by a one or two character device type code and the alphanumeric device
location. The device codes are:

e U Integrated circuit (IC) network
e C Capacitor

e R Resistor

e L Inductor

¢ CR Diode

e Y Crystal

¢ VR Voltage regulator

] X  Socket for removable device
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General Description

Devices are located by the alphabetic row and by the 100-mil grid coordinate at the left edge of the
device. For example, UB062 is an IC located in row B with the left edge two 100-mil increments to
the right of the 060 reference label.

The coordinate layout is shown along the bottom and right edges of the board photograph.
1.4.2 Component Layout — Fineline TFDC Board (2267295)

Refer to the board photograph, Figure 1-13. Device locations on this board are based on a 100-mil
grid (1000 mils = 1 inch) in both the horizontal and vertical directions. The horizontal grid is

represented by a three-digit number, starting with 000 at the left edge of the green overlay and con-
tinuing to 139 at the right edge of the overlay.

The vertical 100-mil grid is represented by two alphabetic characters. The first alphabetic
character represents an increment of one inch (1000 mils), measured from the lower board stiff-
ener. This character lies in the range of A (bottom) to K, limited by the board height. The second

alphabetic character represents an increment of 0.1 inch (100 mils). This character ranges from A
(0 mils) to J (900 mils).

Devices are identified by a one or two character device type code and the alphanumeric device
location. The device codes are:

e U Integrated circuit (IC) network

e C Capacitor

* R Resistor

¢ L Inductor

¢ CR Diode

e Y Crystal

. K  Voltage regulator

e X Socket for removable device
Devices are located by the alphabetic row and by the 100-mil grid coordinate at the left edge of the
device. For integrated circuits, this left edge is the pin 1 position of the device. As an example,

UDF029 is an integrated circuit (U) located with pin 1 in row DF, at the 029 horizontal reference
label.

The coordinate layout is shown along the bottom and right edges of the board photograph.
Notice that the columns of integrated circuits are arranged with pin 1 positions at the 003, 016,

029, 043, 058,... 129 horizontal grid positions. Coordinates are marked as needed on the face of the
board. Each major row or column for IC location is marked. Passive components are marked with

anR, L, C, CRorY.

The TMS 9900 microprocessor, TMS 9901 peripheral interface adapter, and all read-only memory
(ROM) devices are socket-mounted. All other IC devices are soldered to eyelets in the board.
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General Description

1.5 FD1000 DOMESTIC CHASSIS PHYSICAL CHARACTERISTICS

Figure 1-14 shows the rackmount version of the domestic chassis. Two large openings in the front
panel allow diskettes to be installed in the drive units. The small door release buttons allow the
operator to remove diskettes that are not currently active. A door lock on the drive prevents open-
ing the door while the drive is in use.

A red POWER indicator in the front panel lights when ac operating power is applied to the chassis.

The ON/OFF toggle switch for ac power and the ac fuseholder are located on the rear lip of the
chassis. The dc power supply is a vendor item and is not described in this manual.

Signal connections to the drives are made directly to the drive I/O connectors by the flat daisy-
chain cable that runs from the controller to all drives.

Domestic chassis ac requirements are shown in Table 1-1.

Tabie 1-1. Domestic Chassis Ac Requirements

100/115 Vac +10% 0.4 A running, per drive unit
50/60 Hz +0.5Hz 0.8 A starting, per drive unit
0.4 A dc power supply
or

230 Vac £10% 0.3 A running, per drive unit
50 Hz £0.5 Hz 0.6 A starting, per drive unit
0.2 A dc power supply

1.6 FD1000A/B INTERNATIONAL CHASSIS PHYSICAL CHARACTERISTICS

Figure 1-15 shows the rackmount version of the international chassis with the cover removed. The
drives, transformer, power supply/interface board, ac power module, and fan are mounted on a
removable adapter assembly.

The red POWER indicator is centered in the lower part of the front panel. Two snap-in, disposable,
air-intake filters occupy cutouts flanking the POWER indicator. Symmetrical cutouts in the front
panel allow access to the two drive units. The large openings allow room for the diskette installa-
tion door, and the small cutouts are for the door release buttons.

The ac power module mounts behind a cutout at the right side (as viewed from the rear) of the
adapter rear panel. The power module includes the ac power ON/OFF switch, ac line fuse, and a
three-prong recessed male connector for the ac power cord. The ac power ON/OFF switch is also
labeled 1 for ON and 0 for OFF. This conforms to international requirements for power switch
labeling. The fuseholder cap requires a flat-bladed screwdriver for removal, also in conformance
with international requirements.
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Figure 1-14. FD1000 Domestic Chassis, Front View
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Figure 1-15. International Chassis, Cover Removed
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General Description

The power supplyl/interface board occupies the left rear of the adapter. Heat sinks for the series
regulator transistors are aligned with airflow through the fan. The power supply/interface board is
mounted on insulating standoff posts by six machine screws. Signal connectors, power connec-
tors, and test points are accessible with the cover removed. The three chassis input/output signal
connectors are also accessible through a slot in the chassis adapter rear panel. The connector
that is used in FD1000A and FD1000B systems is the 15-pin, D-type connector at the left end of the
slot (viewed from the rear).

The power programming plug next to the transformer contains wiring that selects the proper com-
bination of transformer taps to supply 115 volts ac to the ac input of the power supply/interface
board.
The tabletop version of the international chassis has a slightly different cover and a set of molded
side panels. Four nonskid feet are attached to the chassis bottom for tabletop mounting.
CAUTION
Do not stack tabletop chassis units or piace heavy objects on the cover
of a tabletop chassis. The molded side panels on this chassis are for

trim and for sealing against dust. They are not rigid structural
members.

International chassis ac power requirements are shown in Table 1-2.

Table 1-2. International Chassis Ac Power Requirements

100 Vac + 10%
50/60 Hz +£0.5 Hz
0. 4 A running, per drive unit
or 0. 8 A starting, per drive unit
0. 6 A dc power supply and fan
120 VAC +=10%
60 Hz +0.5 Hz

220 Vac +£10%
50 Hz £0.5 Hz
0. 3 A running, per drive unit
or 0. 6 A starting, per drive unit
0. 3 A dc power supply and fan
240 Vac £10%
50 Hz +0.5 Hz
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General Description

1.6.1 Power Supplyl/interface Board Physical Description

There are two versions of the power supply/interface board, the International Chassis Power Sup-
ply (2261695) and the Buffered International Chassis Power Supply (2269977). These two boards
are shown in Figure 1-16 and Figure 1-17, respectively. This description applies to both versions
except where otherwise noted. Subsequent paragraphs describe the differences in component
layout.

Component identifiers are silk-screened onto the boards, so coordinate grids for parts location are
not provided.

A pair of large heat sinks dissipate the heat generated within the + 24-volt dc and + 5-volt dc
series regulator transistors. A smaller heat sink for the rectifier bridges is located at the lower
right corner of the board.

Three signal input/output connectors are located on the lower left corner of the board. The 50-pin
flat ribbon connector is a parallel interface provided for FD800 systems, which are also available in
the international chassis.

The 25-pin connector is provided for communication with the CRU-based flexible disk controllerin
DS990 Model 1 and 771 systems. The CRU-based controller is not described in this manual.

The 15-pin connector at the lower left corner is the remote interface connector for use with the
TFDC. Logic circuitry located primarily in the lower left quadrant performs status and control
signal multiplexing/demultiplexing for the remote interface.

The two pendant cables at the top of the photograph connect the drive electronics boards to an
intrachassis local (parallel) bus. This bus carries all drive input and output signals.

Plugs P7, P8, P9, and P10 are three-pin connectors that are connected in parallel. One is con-
nected to the 115-volt ac output of the power transformer and the others are used to power the ex-
haust fan and the spindle motors of the drive units. The selection of connectors is based on con-
venience in cable routing. Pin assignments for the high-voltage ac connectors are:

Input/Output Connector

Volitage (P7, P8, P9, P10) Pins
115 Vac Pin1-Pin3
Chassis Ground Pin 2

Low voltage ac power from the power transformer is supplied through P6. This low voltage ac
power is rectified to supply the dc outputs. The ac inputs are:

Input Connector

Voltage (P6) Pins

7.5 Vac Pin 1 - Pin 2
26.5 Vac Pin 3 - Pin 4
15.0 Vac Pin5 - Pin 6

The dc power output pin connections are shown in Table 1-3.
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General Description

Table 1-3. International Power Supply Output Connections
Current Test Output Connector
Voltage {max) Point (P11, P12) Pin No.
+ 5Vdc £25% 4A TP2 Pin 5
+24 Vdc 5% 22A TP4 Pin 1
—12Vdc 6% 0.5 A* TP1 Pin 4
Logic ground TP3 Pins 2, 3,6

Note:

* The — 12 Vdc output is not required by the Qume DT/8 drive.

1.6.1.1 Component Layout of the 2261695 Power Supply/interface Board. As shown in the board
photographs, the differences in board iayout are very slight. This version does not inciude any pro-

vision for on-board line termination or drive unit number selection.

DS990 Model 1 systems equipped with this version must also
include a piggyback DS1 Interface (2271670). The piggyback board
is not required for use with the TFDC. If the piggyback board is in-
stalled, terminators must be removed from the drive unit. Termina-
tion at the end of the cable is provided by a 972141-21 terminator on
the piggyback board (U3).

Also, drive unit selection jumpers in the drives must be set to DS1
(left unit, viewed from front) and DS2 (right unit). Jumpers E1-E2
and E4-E5 on the piggyback board select DS1 and DS2 respectively.
Jumpers E2-E3 and E5-E6 select DS3 and DS4 respectively.

1.6.1.2 Component Layout of the 2269977 Buffered Power Supply/interface Board. The buffered
version of the power supply/interface board provides the following features not incorporated in

the original design:

e  Additional noise immunity via a rank of CMOS buffers and TTL drivers

* Drive unit number selection via on-board jumpers

e  Signal line termination via on-board terminator

. Power supply redesign for improved producibility and reduced parts count

Although the layouts of the boards are similar, the component designators differ. For example, the
series regulator transistors are Q5 and Q1 on the buffered board as opposed to Q9 and Q10 on the
original board. Physical locations of these transistors are unchanged.

2261885-9701
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General Description

Line termination is provided by a 972141-21 resistor network installed at U11. This terminator is
always installed for use with the TFDC and the remote interface. In DS990 Model 1 systems or
FD800 systems, the terminator is only installed in the chassis at the end of the flat cable.

Drive unit selection jumpers in the drive units are always set to DS1 in the left drive (viewed from
front) and DS2 in the right drive. Final drive unit number selection is determined by jumpers on the
power supply:

Chassis Jumpers Unit No
1 E1-E2 DSH1
E4-E5 DS2
2 ' E2-E3 DS3
E5-E6 DS4

Line termination and drive unit number selection on the power supply/interface board allow
changes in configuration without requiring access to the drive electronics.

1.7 PROGRAMMING THE DISK CONTROLLER

Texas Instruments disk-based operating systems contain device service routines that manage the
interaction between the Model 990 Computer and the Model FD1000 Flexible Disk System. The
operating system presents the programmer with a standard set of displays and data that are more
characteristic of the operating system than of the disk system hardware. Users who need this type
of information should refer to the operating system documentation.

The programming information presented here is useful to those who wish to control disk system
operations from the Model 990 Programmer Panel and to anyone who needs to understand the
operating concepts of the disk system.

The Model 990 Computer prepares the disk controller by writing a group of eight control words,
WO-W?7, over the TILINE to the disk controller. These control words specify the operation to be
performed, precondition the controller, and supply parameters to the controller. These parameters
include the disk logical unit number, the number of words to be read or written, track, head and
starting sector addresses, and the starting address of the assigned 990 memory buffer area.

The last control word, W7, initiates disk controller operations. The disk controller operates under
control of an internal program to perform the specified operation. The controller rejects any at-
tempt to write or read back control words while an operation is in progress.

For a disk write operation, the controller TILINE master logic acquires control of the bus and reads
data from the specified area of 990 memory. Other controller logic converts the data to serial form
and transmits it to the disk drive for recording. For a disk read operation, the controller reads data
back from the selected diskette, checks data integrity, and converts the data back to 16-bit parallel
form. The controller TILINE master logic acquires control of the TILINE and transfers the data to
990 memory.
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General Description

The control words initially supplied to the controller are modified during the course of the opera-
tion. At the completion of the operation, the control words contain status information that may be
read back by the 990 computer to determine if the operation completed normally. If the operation
did not complete normally, the status words identify the errors detected during the attempted
operation.

i.7.i Coniroi Word Addresses

Standard conventions built into the hardware and software of the Model 990 Computer reserve
CPU byte addresses F800,s to FBFD,s for control and status communication with TILINE
peripheral controllers, and reserves FBFE,, as the TILINE timeout test address. This range is
called the TILINE peripheral control space (TPCS). Addresses in this range may be mapped by the
processor hardware to TILINE addresses in the range FFC00,s to FFDFF,.. This mapping requires
the 990 processor to be operating in map file 0. The TPCS can also be addressed through alternate
map files if the mapping bias value is chosen to yield the correct TILINE address.

The disk controller is assigned a block of eight consecutive TILINE word addresses. These
addresses run from a base address to base address + 7 word addresses. The base address is
dedicated to control and status word W0, base address + 1 is dedicated to W1, up through base
address + 7 is dedicated to W7.

The base address is selected by a five-section switch on the disk controller board. This allows for
32 different base addresses in the range F800 to FOFE,, . Base address selection must be coordi-
nated with the operating system software. Texas Instruments standard operating system software
includes specific operator entries at system generation to inform the operating system of the
TFDC base address. Figure 2-15 in Section 2 supplies the details of base address switch setting.

Any 990 instruction that reads or modifies memory can be used to communicate with the con-
troller when the proper CPU byte address is used. One simple way to send a block of control words
to the controller is to store the eight control words at sequential addresses in 990 memory. Then,
an auto-incrementing move (MOV) instruction should be used to transfer the control words to the
disk controller. The programmer panel may be used for manual entry via the MA ENTER, MD, MDE,
and MAI controls.

1.7.2 Command Initiation

The usual procedure followed in programming the controller is to initially read status word W7
from the controller and then to check W7, bit 0. If W7, bit 0 is a one (controller idle), the remaining
status bits are valid and may be checked prior to transmitting the control words.

There are seven basic controller commands: Store Registers, Write Format, Read Data, Write Data,
Read ID, Seek, and Restore. An additional eight extended mode commands are provided for less
common operations and for controller diagnostics. All of these commands are described in more
detail in this section (paragraphs 1.9 through 1.10).

With the exception that W7 must be last, the order in which the control words are transmitted to
the TFDC is not critical. W7 contains the interrupt enable/disable bit that determines if an inter-
rupt is to be generated upon completion, it also contains the idle/busy bit that initiates the con-
troller operation when forced to 0.

Any attempt to send a control word to the TFDC after it has been forced to the busy state will be
aborted by the controller, which will issue an immediate TILINE terminate.
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An attempt to read a status word from a busy controller will not resulit in a TILINE error. However,
the word returned by the controller will be a simulated W7 word in which bit 0 is a zero (busy) and
bits 1-15 are meaningless. This feature allows the controller to be polled for idle/busy status
without interference to any on-going controlier operations.

With one important exception, transmitting a new set of control words to the TFDC wipes out the
status words from the previous operation. The disk status fields of word WO are controlled by the
selected flexible disk drive and cannot be modified by overwriting with a new control word. The
controller ignores those fields of the new control word and accepts the word normally, writing
over the attention mask bits (only).

1.7.3 Command Completion Without Interrupts

To determine command completion or controller availability in a polied system, it is necessary to
periodically read status word W7 and check bit 0 for idle status. If the controller is idie (W7,
bit 0= 1), the remaining bits of W7 may be checked. W7, bit 1 is one for a normally completed
operation, and W7, bit 2 is one if an error was detected during the operation. The other status
words may be read back to get more detailed status information.

Normally, a programmer would initiate a timing loop when the controller operation was initiated
and would check the idle bit at timer expiration. If the idle bit is still zero, the timer may be
restarted and the sequence repeated for a preselected number of attempts. This method involves
a considerably larger amount of programming overhead than the interrupt-driven approach.

1.7.4 Command Completion with Interrupts

In order to have the controller issue an interrupt to the 990 processor upon completion, interrupt
enable (W7, bit 3) must be set when the operation is initiated. However, command completion is
not the only condition that may initiate a 990 interrupt from the TFDC. It is the programmer’s
responsibility to determine the cause of the interrupt. The possible interrupt conditions are:

e Interrupt on normal completion
. interrupt on error termination

e  Attention interrupt on completion of drive Seek or Restore.

1.8 TFDC CONTROL AND STATUS WORD FORMATS

The following paragraphs describe each of the control and status words. These descriptions are
based on Figure 1-18.

1.8.1 Word 0 — Drive Status

Word 0 is used by the programmer to enablefinhibit the attention interrupts, to determine which of
the possible drives initiated an attention interrupt, and to determine the status of the selected
drive.

Bits 0-3 and bit 5 are controlled by the status of the selected drive and are not modified when a
new word 0 is written to the controller. These bits may be changed as a result of performing a drive
operation or selecting a different drive. Bits 8-11 are controlled by drives 1-4, respectively,
regardless of which drive is currently selected.
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1.8.1.1 Off-line — W0, Bit 0. The Off-line bit = 1 indicates that the selected unit is not available
for operation due to one or more of the following reasons:

. Invalid unit number

¢  Diskette not installed

e Door not latched

] Drive not powered or not cabled to controller

. Index pulses not sensed - indicates a faulty drive, faulty diskette, or an incorrectly in-
stalled diskette.

During a power-down state, off-line and not ready will both be reported. Upon power-up, off-line
should clear itself within two revolutions.

1.8.1.2 NotReady — WO, Bit 1. This bit is 1 whenever the selected drive is off-line (WO, bit 0) or is
in the process of performing a Seek or Restore operation.

1.8.1.3 Write Protect — W0, Bit 2. This bit is set to 1 if the diskette installed in the selected drive
is write protected. Data cannot be recorded or modified on a write-protected diskette. Write pro-
tection is determined by physical means on the diskette. A notch on the outer edge of the diskette
write protects the diskette. An optical sensor detects the presence or absence of the notch. If the
notch is present, the drive write electronics are inhibited and a write protect indication is sent to
the controller. Write protection may be defeated by placing an opaque tab over the write protect
notch. This tab must be in place to format a diskette or to record any type of data on the diskette.

1.8.1.4 Unsafe — W0, Bit3. This bit will be set to 1 if acommand is issued for a drive that has not
been previously identified to the software by a Store Registers command. it will also be generated
if there has been some parameter change since the last Store Registers command. For example, a
diskette change or a power-down cycie will result in unsafe status the next time the drive is
selected. A Store Registers or Restore command clears unsafe status.

1.8.1.5 Seek Incomplete — W0, Bit 5. Seek incomplete indicates that the head carriage has failed
to locate the specified cylinder. For example, if the cylinder address in W3 is out of range (greater
than 4C,,), the operation fails and seek incomplete status is reported. If a Restore operation has
not been performed since the last power cycle or diskette change, an attempt to read, to write, or
to seek on that drive results in seek incomplete status.
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The Restore command is supposed to move the head carriage away from the spindle, step by step,
until the track 00 signal becomes active. If track 00 is not sensed within 80 steps, seek incomplete
is reported and the operation fails.

Seek incomplete results if the ID words read from the diskette disagree with the cylinder number
that the controller was commanded to locate.

Some seek incomplete errors may be due to an error in the controller track counter. Such errors
are unlikely if the self-test executes with no errors. These errors may be cleared by a Restore
operation and a retry. There is also a slight possibility that a diskette formatted by a miscalibrated
drive might be causing seek incomplete status. IBM 3740 format diskettes with bad tracks may
cause the controller to exceed the allowed number of retries to find the cylinder. This type of error
also results in a seek incomplete indication.

Seek incomplete is also reported if the heads reach the end of the last recording surface on the
diskette but the transfer word count has not decremented to zero.

1.8.1.6 Attention Lines (0-3) — WO, Bits 8-11. The Seek and Restore commands initiate relatively
slow electromechanical operations.

In order to speed up system throughput, overlapped, independent Seek and Restore capabilities
are included. The attention lines (combined with the interrupt mask of bits 12-15) provide a means
of notifying the 990 processor that the operation has completed.

One attention line is dedicated to each drive. The attention line for a drive is held high unless the
drive is performing a Seek or Restore operation. The line returns high upon completion of the
operation.

The Seek or Restore, once initiated, proceeds independently of other controller or 990 processor
operations. Read, write, or other operations may proceed on any drive except those that are
occupied with Seek or Restore.

Two methods are available for the 990 processor to determine that a Seek or Restore operation has
completed. The first method is polling. The second method involves use of an interrupt. If polling
is used, the programmer sets up a timer and initiates it when command word W7 is sent to the con-
troller. When the timer expires, the program should read W7 to make sure the controller is idle and
should then read WO to check the attention line. If the attention line is still low, the timer should
restart and repeat for some predetermined number of polling cycies. The polling cycle could also
check the drive not ready bit (WO, bit 1).

Use of the attention interrupt to determine Seek/Restore completion is described with the atten-
tion mask in the next paragraph.

1.8.1.7 Attantion Mask (0-3) — WO, Bits 12-15. Bits 12-15 form a position-coded attention inter-
rupt mask. An interrupt to the 990 processor will be generated if the attention mask bit and the cor-
responding attention line are both set (ones) and the controller is idle.

To detect completion of a Seek or Restore operation with an interrupt, the programmer should set
the attention mask bit corresponding to the drive with a Set Ones Corresponding (SOC) command
after the controller returns to idle. When the positioning operation completes, the attention line
for that drive returns high, and the interrupt is generated.
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if operations are to be overlapped, it is important that the control words for subsequent operations
not write over the attention mask bit, or the interrupt will never occur. Thus, instead of using a
move (MOV) instruction to write a whole new value into W0, the programmer should use a SOC or
Set Zeros Corresponding (SZC) instruction to modify bits of W0 as needed.

There are three possible causes for an interrupt from the controller: completion of the controller
cycle, completion of a Seek/Restore, or an error detected by the controller. The programmer must
read and check W7 and WO to determine the cause of the interrupt.

1.8.2 Word 1 — Command Code and Surface Address

Control word W1 contains the command code that specifies the operation that the controller is to
perform. It also specifies the diskette surface, if applicable. Bits 1-3 and 8-9 are reserved, and
should be forced to zeros.

1.8.2.1 Extended Mode — W1, Bit0. The three command code bits (W1, bits 5-7) allow up to eight
unique commands. The extended mode bit is interpreted by the controller as an additional
command code bit, increasing the number of possible command codes to 16. If the extended
mode bit is zero, bits 5-7 are interpreted as the normal commands. These are the commonly used
commands such as Read Data, Write Data, and Store Registers. If the extended mode bit is 1, bits
5-7 are interpreted as the extended commands. These less commonly used functions, include the
IBM-compatible Read Delete and Write Delete operations, Write Interlaced Sector Format, Extract
Interlace Factor and Read Unformatted operations. Refer to paragraph 1.10 for individual descrip-
tions of the extended mode commands.

1.8.2.2 Transfer Inhibit (TIH) — W1, Bit 4. If the TIH is set to 1 in conjunction with a Read Data
command, the controller performs the specified read operation, including the cyclic redundancy
check (CRC), but does not transfer any data to the 990 memory.

The TIH bit allows a check on the integrity of a record without the necessity of providing a memory
buffer area to hold the data. If the CRC character recorded with the data does not correspond to
the CRC character calculated during the read operation, the controller generates an error
interrupt.

The TIH bit may be used with the Read Data and Read Delete commands.

1.8.2.3 Command Code — W1, Bits 5-7. Table 1-4 lists the normal and extended mode codes and
the command names. A thorough description of the commands requires information about all of
the control words, so the command word descriptions are deferred to paragraphs 1.9 and 1.10.

1.8.2.4 Surface Address — W1, Bits 10-15. The control scheme that is common to the hard disk
systems and the flexible disk system allots a six-bit field to surface address selection. The
diskette may contain a maximum of two recording surfaces that are selected by the least signifi-
cant bit (LSB) (bit 15). Bits 10-14 shoulid be all zeros or the controller will report command timeout
for an illegal address. Bit 15 is zero for all single-sided diskettes, zero for side 0 of a double-sided
diskette (lower surface), and one for side 1.

Note that the record address that is supplied in the control words is a starting address. The
number of records in the data buffer may exceed the track capacity. For a double-sided diskette,
the controller automatically switches heads from a filled track on surface 0 to the corresponding
track on surface 1. This is called a cylinder operation. If a track on surface 1 is filled and more data
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is to be transferred, the controller moves the heads to the next higher numbered cylinder and

selects surface 0.

If a track is filled on a single-sided diskette, the head carriage steps to the next higher track loca-

tion to complete the data buffer.

Table 1-4 W1 Command Codes

Command

Extended Mode Code
Bit 0 Bit 5 6

0 .00

0 00

0 01

0 01

0 10

0 10

0 11

0 11

Notes:

Store Registers’

Write Format?

Read Data'?

Write Data?

Read ID!

No-op(command timeout)
Seek?

Restore?

Extract Interlace Factor2
Write Interlaced Sector Format?
Read Delete'?

Write Delete?

Read Unformatted!?
Write Controller Memory
Read Controller Memory

Extended Test Commands

' Operation preceded by TILINE memory test to verify 990 memory in-

tegrity before data transfer.

2 Operation inhibited after self-test failure.
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1.8.3 Word 2 — Record Format and Sector Address

1.8.3.1 Sectors Per Record — W2, Bits 0-7. One sector per record is the only legal format for the
FD1000 system. This corresponds to 288 bytes per record on a double-density diskette, or 128
bytes per record on a single-density diskette. Bits 0-7 are ignored by the controller.

1.8.3.2 Sector Address (or Self-Test Failure Code) — W2, Bits 8-15. This field selects the starting
sector for any type of read or write operation except format or interlaced sector format. These for-
matting commands start writing the first sector foliowing the index pulse from the drive. The valid
range for sector addresses is 00-19,4 (0-25,,) for double-density or single-density diskettes. The
controller automatically adds 1 to each sector address for single-sided diskettes.

The disk controller automatically performs a sequence of self-tests on power-up or on a 990 com-
puter reset. Also, extended self-tests are available that can be initiated via control words. In either
case, a self-test failure causes all ones (FF) to be reported in the right byte of W7 and an eight-bit
failure code in bits 8-15 of W2. The self-test failure codes are described in Table 3-4.

1.8.4 Word 3 — Cylinder Address

This word selects the cylinder address to which the disk will Seek for a read or write operation.
The valid number range is 0000 through 0076,, or 0000 through 004C,, . This field is also used for
Read Controller Memory and Write Controller Memory to specify a test number.

The surface address (head address) in W1, the sector address in W2, and the cylinder address of
W3 form a complete address that uniquely locates a record on the diskette.

1.8.5 Word 4 — Transfer Word Count

This field selects the number of 16-bit data words that will be transferred between the disk and the
TILINE. The byte selector, bit 15, must be zero. The word count range is limited by the available
TILINE memory and by disk memory from the starting disk address to the last sector of the last
track. A transfer from nonexistent TILINE memory will resuit in a TILINE timeout controller status.

NOTE

If a read with transfer inhibit is selected, this count specifies the
number of logically sequential words on the diskette to be checked
for integrity.

1.8.6 Word 5 — TILINE Buffer Address

During read or write operations, the TFDC acts as a TILINE master and stores data in, or reads data
from, a buffer area in 990 memory. For a diskette write operation, the programmer assumes
responsibility for placing the data in a contiguous area of TILINE memory before initiating the
operation. The programmer informs the TFDC how many data words are to be transferred (W4), and
the starting (lowest) address of the data in TILINE memory (W5 and 5 least significant bits of W6).

The disk controller assumes responsibility for controlling the TILINE transfers, for keeping track
of the number of words transferred, and for incrementing the TILINE address after each data word
transfer.
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Similarly, for a disk read operation, the programmer assumes responsibility for assuring that the
memory contains a contiguous data buffer large enough to accept the proposed transfer without
overwriting needed information. The programmer specifies the word count and starting address
via the control words.

The TILINE starting address is 20 bits in length. The 15 LSBs occupy bits 0-14 of control word W5.
W5, bit 15 should be zero. The five most significant bits of the address are in bits 11-15 of W6.

The TILINE address W5 and W6 is updated in one-sector increments, that correspond to 128 (80,s)
or 288 (120,¢) bytes.This status information can be useful for diagnostic purposes if the operation
terminates prematurely.

1.8.7 Word 6 — Unit Select and MSB Memory Address.
Bits 0-3 and 8-10 are reserved and should be set to zero.

1.8.7.1 Unit Select — W6, Bits 4-7. Bits 4-7 are a position-coded unit select field. One (and only
one) bit position in this field should be set to one. Any other code will result in an off-line status
report, and no drive operation will be performed. Some of the extended mode commands that do
not involve a drive operation ignore the unit select field.

The valid unit select codes are:

Hexadecimal
Bit4 5 6 7 Digit
1 000 ' Unit 0 8
0100 Unit 1 4
0010 Unit 2 2
0 00 1 Unit 3 1

The unit number assigned to a drive is determined by jumper options on the drive assembly or on
the buffered power supplyl/interface board. Jumper selections DS1 through DS4 correspond to
unit 0 through unit 3, respectively.

1.8.7.2 TILINE Memory Address MSBs — W6, Bits 11-15. The five MSBs of the 20-bit TILINE
memory buffer starting address occupy bits 11-15. Refer to the W5 description for additional infor-
mation.

1.8.8 Word 7 — TFDC Status and Control.

W7 contains control bits from the 990 processor at the beginning of an operation and contains
controller status data at the completion of the operation.

NOTE

W7 is the last word loaded during operation setup because the
idle/busy bit (W7, bit 0) initiates controller operation when forced
low by the processor. W7 must also be the first status word checked
after an operation.
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The bits in W7 are shown in Table 1-5.

Table 1-5. Control/Status Word W7 Bit Assignments

Bit Function Bit Function

0 Idle/Busy 8 Memory Error

1 Operation Complete 9 Data Error

2 Error 10 TILINE Timeout

3 Enable Interrupt 11 ID Error

4 (reserved spare) 12 Rate Error

5 (reserved spare) 13 Command Timeout
6 (reserved spare) 14 Search Error

7 Abnormal Completion 15 Unit Error

W7, bits 8-15, when all set (FF,), indicates that a self-test failure has been detected.

1.8.8.1 Idle/Busy Control/Status — W7, Bit 0. The controller must be in the idle mode (W7,
bit 0 = 1) for the 990 processor to load the control words into the controller or to read any status
other than the idle/busy status bit. This prevents interference to the operation in progress.

The programmer should read W7 and should check bit 0 prior to sending command words. If the
controller is busy, a simulated W7 word (with bit 0 = zero) is returned. Bits 1-15 are meaningless
in this case. If the controller is idle, bits 1-15 provide meaningful status for the previous operation
and the other status words may be read if desired.

After verifying that the controller is idle, the programmer may send control words W0-W86 to the
controller. The controller operation is initiated when control word W7 (with a zero in bit 0) is
transmitted to the controller. The low idle/busy bit forces the controller to initiate its command
decode and operation cycle.

1.8.8.2 Complete — W7, Bit 1. The complete bit is set by the controller upon normal completion
of a command with no errors detected. The programmer may reset this bit as part of the interrupt
service or status checking routine, or may leave it alone until the next block of control words is
sent to the controller.

1.8.8.3 Error — W7, Bit 2. W?7, bit 2 is set if any error is detected. The programmer may obtain

more detailed error information by examining W7, bits 7-15 and WO, bits 0-5. Diagnostic program-
mers will also want to examine W2, bits 8-15 if W7, bits 8-15 are FF,,.
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1.8.8.4 Enable Interrupt — W7, Bit 3. The enable interrupt bit, if desired, is set by the programmer
when initiating controller operations. This bit enables the controller to generate an interrupt on
normal completion (W7, bit 1) or on error termination (W7, bit 2). The enable interrupt bit is used for
interrupt-driven device service routines. The enable interrupt bit should be cleared as part of the
device service routine.

Note that attempts to set the enable interrupt bit at one time and to activate the controiier at
another time will result in false interrupts. Therefore, the interrupt selection should be part of the
same W7 word that activates the controller.

The attention interrupts (described with WO, bits 8-11 and 12-15) are independent of the enable in-
terrupt bit. The attention interrupts are associated with the completion of disk drive Seek and
Restore operations that may be overlapped with operations involving different drives. It is the pro-
grammer’s responsibility to read and to test the controller status words to determine the cause of
an interrupt.

1.8.8.5 Controiler Status Field — W7, Bits 7-15. W?7, bits 7-15 are used to report controller status
after a command has been executed. These bits contain valid error information when the error bit
(W7, bit 2) is set. Bits 8-15 are all on (FF,) in the event of a self-test failure. If the next command
after a self-test failure involves a drive operation, bits 8-15 will not clear and the operation will be
inhibited. A successful self-test must be performed to escape from this condition. An I/O reset or
power reset will clear the controller logic and perform a self-test.

1.8.8.6 Abnormal Completion Error — W7, Bit 7. The abnormal completion bit sets if an operation
is terminated as the result of a reset from the 990 chassis. This reset may be an 1/O reset, power
failure warning pulse, or power reset.

1.8.8.7 Memory Error — W7, Bit 8. The TILINE memory boards in the 990 chassis are capable of
detecting parity errors during a memory read operation and of informing the other circuit boards of
the error. If this TILINE parity error occurs during a Write Data or Write Format operation (normal or
extended), it is an indication that bad data may have been read from memory and recorded on the
diskette. The memory error and error bits (bits 8 and 2) will be set when the operation completes.

The controller performs an automatic TILINE read/write test prior to executing the following com-
mands: Store Registers, Read Data, Read ID, Extract Interlace Factor, Read Delete, and Read
Unformatted. The memory error and error bits set if the automatic read/write test fails. Memory
error due to read/write test failure does abort the operation.

1.8.8.8 Data Error — W7, Bit9. The data error bit indicates that an error was detected in the pro-
cess of reading data from the diskette.

This bit is interpreted in several ways, depending on the type of operation, type of diskette in the

selected unit, and whether or not the ID word error (W7, bit 11) is also set. Table 1-6 summarizes
the conditions that can set the data error bit.
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Table 1-6. Data Error Summary

Diskette
Type Operation ID Word Error Cause of Data Error
SD, Read Data No CRC error on a sector persisting
DD beyond controller automatic retries
SD Read Delete No Same
SD Read Delete/Read Data Yes Opposite type address mark detected
SD, Write Format No Surface analysis failure, data field
bD : compare error or CRC error
SD, Write Format Yes Surface analysis failure and ID field
DD check error

A data error forces termination of the operation. If the CRC character in the record ID fails to com-
pare, the controller sets the ID word error (W7, bit 11) rather than the data error bit.

Note that the data CRC character cannot be checked until after the sector of data has been
transferred to TILINE memory. The programmer assumes responsibility for taking appropriate
action on the bad data when data error status is detected. The programmer should build in at least
three software retries in addition to the automatic retries performed by the controller.

1.8.8.9 TILINE Timeout — W7, Bit 10. In order to prevent an error from indefinitely hanging the
TILINE, all TILINE peripheral controllers incorporate a timer that allots up to 10 + 2 microseconds
for a TILINE operation. If the timer expires before completion of the TILINE cycle, the controller
operation is terminated, the TILINE interface logic is cleared, and the TILINE timeout bit is set.

The most common cause for a TILINE timeout is an attempt by the controller to read or to write to
a nonexistent TILINE memory location. This type of error can occur during any operation in which
the controller initiates a TILINE data transfer. The Seek and Restore operations cannot cause a
TILINE timeout.

1.8.8.10 ID Word Error — W7, Bit 11. Diskettes for the FD800 and the FD1000 flexible disk
systems are soft-sectored, with a one sector per record format. A set of record identification
words are recorded at the start of each sector. It is necessary to read these sector ID words in
order to locate a particular record for reading or writing. This sector ID read and compare opera-
tion is automatically performed as part of a Read Data, Read Delete, Write Data, Write Delete, or
Read Unformatted operation.

A failure to locate the desired sector within four diskette revolutions will set the ID error status bit

and will terminate a Read Data, Read Delete, Write Data, or Write Delete operation. Read Unformat-
ted is a special case. Refer to the command descriptions.
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ID word error will be set in conjunction with data error if a delete data mark is detected during a
Read Data operation, or if a normal data mark is detected during a Read Delete operation.

1.8.8.11 Rate Error — W7, Bit 12. The data transfer rate from the disk during a read operation
(Read Data, Read Delete, Read Unformatted) is fixed by the inertia of rotating components, while
the TILINE data transfer rate from controller to memory is determined by bus activity and priority.
Under severe conditions of bus overload, the TILINE may not be able to keep up with the disk inter-
face. This condition will corrupt the data transferred to memory. A rate error sets the rate error
status bit and terminates the operation.

In a similar manner, a TILINE overload during a Write Data or Write Delete operation will corrupt
the data recorded on the diskette and will cause a rate error.

1.8.8.12 Command Timeout — W7, Bit 13. The controller is allotted a predetermined amount of
time for each command. If the controller fails to complete the operation (or to otherwise ter-
minate) before the timer loop expires, command timeout is set and the operation is terminated.

lllegal command parameters will also cause command timeout and will terminate the operation.
Command code 101 (nonextended) is a no-op code that resuits in termination with command
timeout status.

1.8.8.13 Search Error — W7, Bit 14. Each data record on a diskette is preceded by a synchroni-
zation field and a data address mark. During read operations, the controller locates the record by
reading and comparing ID words. It then starts monitoring for the data mark. If the data mark is not
detected within the allotted window (one millisecond), the controller automatically retries the cy-
cle up to five times. If the last retry fails, the command terminates with search error status.

Search error on a Read Unformatted command is a special case. Refer to the command descrip-
tions for additional information.

1.8.8.14 Unit Error — W7, Bit 15. An error associated with the selected disk unit terminates the
operation, sets the appropriate status bits in W0, and sets the error and unit error summary bits in
W7.

After detecting unit error status, the programmer should read WO to determine the error cause and
the recovery strategy.

The following errors are included under the unit error category:

. The selected unit is write protected and a Write Format, Write Interlaced Sector Format,
Write Data, or Write Delete operation is attempted. All of these operations write informa-
tion on the disk. Certain extended test commands can cause this type of error, as
described in Section 3.

¢  The selected unit is not ready (W0, bit 1) or is off-line (WO, bit 0) and any operation involv-
ing the disk is attempted. These operations are Write Format, Read Data, Write Data,
Read ID, Seek, Restore, Extract Interlace Factor, Write Interlaced Sector Format, Read
Delete, Write Delete, or Read Unformatted. Some of the extended test commands can
cause this error, as described in Section 3.
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e The selected unit is unsafe (WO, bit 3) and any operation other than Store Registers or
Restore is issued. The unsafe error bit is intended to inhibit disk data transfer opera-
tions when the 990 software is not informed of the most recent change in disk unit
status. For example, if the diskette has been changed and no subsequent Store
Registers command performed, the 990 device service software does not know whether
a single-density or double-density diskette is installed in the unit.

e A seek incomplete error occurs due to inability to locate the specified track, or due to a
diskette change without proper initialization (including a Restore command).

e A seek incomplete error occurs after a Restore command. The error occurs if track 00 is
not sensed at completion of the disk drive restore cycle. Since Seek operations are
based on the cumulative history of head carriage moves since a restore to track 00,
failure to properly restore will result in erroneous seek operations.

e A Seek operation is attempted to a cylinder that is out of bounds (greater than 4D,),
resulting in a seek incomplete error. This includes the case where a read or write opera-
tion attempts to transfer data beyond the end of the last cylinder.

1.9 NORMAL COMMANDS

The normal (nonextended) commands are the eight commands for which the extended mode bit
(W1, bit 0) is not set. These commands are Store Registers, Write Format, Read Data, Write Data,
Read ID, NOP (command timeout), Seek, and Restore. These are the basic commands most com-
monly used for normal data storage and retrieval operations.

1.9.1 Store Registers (000)

The DSRs in Texas Instruments standard disk-based operating systems have been generalized to
work with a number of different disk storage systems. These include the FD1000 flexible disk and
the DS10, DS25, DS50, and DS200 disk systems. Although the control word structure for all of
these systems is basically the same, disk operating parameters such as words per track and
cylinders available per logical unit vary from system to system. The operating system needs ac-
cess to these operating parameters in order to properly format records and to manage the task
roll-in and roll-out sequences.

The Store Registers command provides a means for the operating system software to interrogate
a disk system to determine the critical parameters of the systems.

A Store Registers command causes the disk controller to send one, two, or three words to 990
memory, starting at the memory address specified by the control words. The number of words
sent to memory is specified by the word count in W4. The three words, Figure 1-19, contain the
following information:

] Word 1. This word contains the total number of formatted words that can be recorded on
a disk track. The numbers are:

Single-Density — 1664,, = 0680,s
Double-Density — 3744,, = 0EAOQ;,
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e  Word 2. This word contains the sectors per track and the number of words of overhead
per record to be used in the calculations of the format parameters. For single- or double-
density:

Sectors per track — 264 = 1A4
Overhead per record — 0

Therefore, Store Registers word 2 = 1A00,s for either diskette type.
e Word 3. This word contains the number of tracks per cylinder and the number of

cylinders per logical unit. Each individual diskette drive is a logical unit. Word 3
parameters are:

Item Bits SSSD/DSDD
Tracks per
cylinder 0-4 1/2
Cylinders
per logical
unit 5-15 77/Same
(hex 4D)

Therefore, word 3 = 084D, for single-density and 104D, for double-density.

The Store Registers operation determines the operating parameters for the selected disk drive by
reading them from the disk controller. Store registers does not actually read any information from
the drive itself. However, the controller must check a sense line that detects whether a single-
density or a double-density diskette is installed in the drive.

A Restore command and a Store Registers command should be performed for any disk unit that
shows unsafe in status word WO0. The Restore operation clears the drive electronics and positions
the head carriage at track 00. The Store Registers command identifies the current recording
parameters to the 990 software. A diskette change is the most common reason for an unsafe
condition.

o] 15
WORDS PER TRACK
0 7 8 15
SECTORS/TRACK OVERHEAD/RECORD
0 4 S5 ) 15
TRACKS/CYL CYLINDER/UNIT
(A) 134001

Figure 1-19. Store Registers Data Format
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Table 1-7 is an example of an eight-word control block that will cause the disk controller to per-
form a store registers operation.

Table 1-7. Example of Control Words for Store Registers Command

Hexadecimal
Word Data Comments
0 0000 Clears the attention mask bits
1 0000 Command = Store Registers. Head
. select is irrelevant

2 0000 Not used

3 0000 Not used

4 0006 Three words (six bytes)

5 357A Put words in memory starting at CPU
byte address 357A (number in W5 is
always an even byte count)

6 0800 Unit 0*

7 1000 Interrupt enabled on completion. Con-
troller status from previous operation
zeroed out

Note:

* If the selected unit is not on-line, the TFDC supplies the double-density
values by default.

1.9.2 Write Format (001)
The Write Format command is used for verifying and for formatting a new diskette or for reformat-
ting an existing diskette. One complete track is formatted per command.

CAUTION

The Write Format operation destroys any data that may have been
previously recorded on the specified track.
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After initialization, the controller performs the following operations:
1. Check drive status and Seek to specified track.
2. Perform surface analysis of track by writing and reading back test data pattern.

3. Filis record ID words at the start of each sector and record data fields with a temporary
filler word specified by the programmer.

If the surface analysis fails, the controller returns data error status upon completion. Regardless
of a surface analysis failure, the controller attempts to format the track.

Prior to initiating a Write Format command, the programmer must store a filler word at a known
TILINE memory address. This address is supplied to the controller, which accesses that location
and uses the contents repeatedly to fiil all the data record areas on the track.

Table 1-8 is an example of the control words required for a Write Format command.
The word count in W4 is not applicable. The controller internally selects the maximum possible
number of words per record, based on diskette type. The selected number is 64 words per record

(single-density) or 144 words per record (double-density). This is the number of times that the filler
word is recorded in each sector.

Table 1-8. Write Format Command Example

Word Data Comments
0 0000
1 0100 The command is Write Format; the sur-

face address = 0

2 0100 Sectors per record is treated as a “don’t
care” field; sector address does not app-
ly, as operation always starts from first

sector

3 0049 Track 734 = 49,

4 0000 Word count not applicable (controller in-
ternally selects maximum value, based on
diskette type)

5 3BFE CPU byte address of the filler word to be
stored repetitively in all data fields

6 0400 Unit 1 selected. 5 address MSBs are
zeros

7 1000 Interrupt on completion
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The 20-bit TILINE memory address of the filler word is contained in bits 11-15 of W6 and bits 0-14
of W5, The unit select field is position-coded, so the hexadecimal equivalent of the unit select
field is not equal to the selected unit number.

1.9.3 Read Data (010)

The Read Data command identifies a record location, specifies how many words are to be trans-
ferred from this record, and gives the starting address of a memory buffer area that is to receive
the data from the diskette. Table 1-9 is an example of the control words for a Read Data command.

After initialization, the controller performs the following basic operations:
1. Check drive statusv(not ready and seek incomplete bits)
2. Seek to specified cylinder

3. Read ID words until the specified starting sector is located. Check ID CRC character to
verify ID

4, Read data from diskette and transmit to TILINE memory. Check data CRC character at
end of record

5. Continue until word count is decremented to zero or the end of the diskette recording
area is reached.

NOTE

The data transfer to memory may be suppressed by the TiH bit in
W1. A Read Data command with transfer inhibited after a Write Data
command checks the integrity of the newly written record without
tying up memory space or TILINE access time.

The Read Data operation is inhibited if the status check of the selected drive shows a not ready,
unsafe, or seek incomplete condition. An unsuccessful self-test also inhibits operations to the
failing drive.

The drive must seek (move the head assembly) to the specified track location. A seek is
automatically performed as part of the Read Data operation. To increase throughput in a
multidrive system, it may be desirable to use the independent, overlapped seek capabilities of the
Seek command (110) to position the heads before initiating a Read Data operation. The Seek com-
mand also loads the heads for a one second interval after reaching the cylinder.

Once the heads are determined to be at the correct cylinder location, the controller starts monitor-
ing the ID words from the diskette. A unique address mark precedes each ID header for syn-
chronization purposes and to distinguish between data and ID words. ID word formats are de-
scribed with the Write Format command.
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The ID words provide an independent cross-check on the track positioning, head selection, and
sector determination functions. A disagreement between the hardware-derived values and the cor-
responding ID header values indicates that the hardware has malfunctioned or that the diskette
was misformatted. Either case represents an error condition. If the automatic retries are unsuc-
cessful, the operation is terminated with ID error status. Seek incomplete status is also returned if
the track information is wrong.

Table 1-9. Example of a Read Data Command

Word Data Comments

0 0000 Clear the attention mask bits

1 0201 Read Data, surface 1 (side B of double-
density diskette)

2 0109 One sector per record, start on sector 9

3 001B Cylinder 1By = 27,0

4 1144 1144,, bytes = 08A2 words = 2210,
words

5 3577 CPU byte address = 3576 (bit 15 is
truncated)

6 0100 Unit 3, TILINE address MSBs are all
Zeros

7 0000 Initiate operation; do not interrupt on
completion.

The starting record location specified in the control words should match with a record ID header
within one disk revolution. The controller retries for up to four revolutions searching for an ID
match. If a match is not found, the operation is terminated with iD error and seek incomplete
status.

When the specified starting sector rotates under the head (as indicated by an ID compare), the
controller turns off the read data separation for a gap period following the header and reenables it
prior to the data area. Upon recognizing the data address mark, the controller starts reading com-
posite serial data from the diskette, separating clock and data bits, assembling it into 16-bit
parallel words, and transferring them to TILINE memory.

When the controller encounters the end of a record, but the remaining transfer word count is
nonzero, the controller automatically continues reading on the next logical record of the track if it
exists. The new record ID is checked before the read operation continues. The next logical record
is the next sequential sector unless the diskette is formatted with interlacing. Refer to the Write
Interlaced Sector Format extended mode command for information about interlacing.
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For a double-density diskette, if the controller encounters the end of a track on surface 0, but the
transfer word count is nonzero, the controller automatically increments the head address to sur-
face 1. After ID checks, the read operation on surface 1 starts from sector 00 and continues until
the word count is decremented to zero. Surfaces 0 and 1 at a given head position form a two-track

cylinder.

For a single-density diskette, the terms track and cylinder have identical meanings because only
one side is used.

When the controller encounters the end of a cylinder and the remaining transfer word count is
nonzero, the controller automatically seeks to the next cylinder and selects head address 0 for the
new track. After ID checks, the read operation proceeds from sector 00. If the last cylinder is read
and the transfer word count is still nonzero, the operation terminates with unit error and seek in-
complete status.

Consider the case in which the transfer word count reaches zero before the end of a physical
record. In this case, the TILINE data transfers stop when the word count reaches zero, but the con-

troller reads to the end of a record in order to read and verify the CRC character. The programmer
should check status to verify the transferred data.

1.9.4 Write Data (011)

The Write Data command causes the controller to record data on a previously-formatted track or to
write over.a previous record.

The basic operations performed during a Write Data Command are as follows:

1. Check drive not ready, seek incomplete, unsafe, and write protect status of selected
drive.

2. Seek to specified cylinder and load heads.

3. Read ID words, searching for starting sector.

4. Write gap, and data address mark.

5. Transfer words from TILINE memory buffer area to controller and record on diskette.
6. Record CRC character at end of last physical record.

7. If word transfer count has not reached zero, continue to next sector and start at step 3.

The Write Data operation is inhibited if the selected drive shows not ready, seek incomplete, un-
safe, or write protect status, or if a self-test failure has occurred.

A seek to the cylinder address specified in W3 is performed as part of the Write Data operation. If
the head carriage is not already at that cylinder, the operation will be delayed by the amount of
time required to position the head carriage and load the heads to the disk surface. To increase
throughput in a multidrive system, it may be desirable to use the independent overlapped seek
capabilities provided by the Seek command (110). The Seek command also loads the heads for a
one-second interval.
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After head positioning and loading, the controller reads each sector ID on the track, searching for
the starting sector specified in W2. Recall from the track format description that each ID field is
preceded by a synchronization field and ID address mark. The synchronization field, ID address
mark, 1D words, and ID cyclic redundancy check (CRC) word are all recorded on the diskette by a
Write Format command.

The controiier performs retries for up to four revoiutions whiie searching for a valid ID field {no
CRC error) that matches the specified starting address. Also, the controller attempts a home-in
operation on SSSD diskettes, to accomodate IBM bad tracks. A failure to locate a specified ID
returns ID error status and terminates the operation. A track number error returns seek incomplete
status.

When the correct sector is located, the controller writes a standard pattern in the 1D gap, followed
by a synchronization field, a data address mark character, and the first data word.

The transfer word count is decremented each time the controller retrieves a new data word with a
TILINE master cycle. The controller writes data onto the diskette until the word count reaches
zero. When the specified number of words is greater than the number of words per sector, the con-
trolier continues to the next logically sequential record, reads the ID words, and continues writing
the data.

The controller continues over sector, head, and cylinder boundaries until the word count reaches
zero. Note that the next logically sequential record is determined by diskette type and interlace
factor (if any), as well as by the location of the initial sector.

If the track was initially formatted with a Write Interlaced Sector Format command, the next
logically sequential record is separated from the current record by a number of sectors equal to
the interlace factor minus 1.

If the end of the track is reached on side 0 of a double-sided disk, the upper head is selected and
the operation continues on the upper half (side 1) of that cylinder. When the end of the cylinder is
reached, the head carriage steps to the next track (cylinder) position and the lower head is
selected. :

If the initial word count was an even multiple of the number of words per sector, the last sector will
be completely filled (64 or 144 words), and the CRC word for that sector will be recorded following
the last data word. :

In the more common case, the word count is not an even multiple of the number of words per sec-
tor. The controller fills the remainder of the last record with zeros and then places the CRC
character at the end of the record.

A Write Data command with an initial transfer word count of zero does not write anything on the
diskette.

Table 1-10 is an example of a Write Data command.
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Table 1-10. Example of a Write Data Command

Comments

Word Data
0 0000
1 0301
2 0109
3 0018
4 | 1144
5 3578
6 0800
7 0000

Clear attention mask bits

Write Data, surface 1 (side B of
double-density diskette)

One sector per record, start on
sector 9

Cylinder 1B,y = 27,

1144,, bytes = 08A2,, words
= 2210, words

CPU byte address of TILINE
buffer = 35784

Unit 0, part of TILINE buffer
address

Initiate operation, do not inter-
rupt on completion

1.9.5 Read ID (100)

The Read ID command is provided for compatibility with the device service routines for the hard
disk systems. The hard disk controllers respond to this command by actually reading the record ID
words from the disk and transferring up to three words to TILINE memory.

The TFDC develops two ID words from the parameters supplied with the Read ID command and a
third word (word count per record) for the diskette type. The ID values are not verified by a read

operation to the drive, but a unit error is reported if the drive is off-line or not ready.

Figure 1-20 shows the format of the Read ID words transferred to memory. The transfer word count
for the Read ID command should be in the range 1-3. If the word count is 0, no words are trans-
ferred. If the word count is greater than 3, only 3 words are transferred. Table 1-11 is an example of

a Read ID command.
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o a s 15
ID WORD 1 HEAD NUMBER CYLINDER NUMBER

o 7 8 15
1D WORD 2 SECTORS/RECORD SECTOR ADDRESS

0 15
1D WORD 3 WORD COUNT PER RECORD o

THIS GROUP OF WORDS DOES NOT CORRESPOND EXACTLY TO THE
ID WORD FORMATS RECORDED ON THE DISKETTE. THESE WORDS
ARE NOT READ FROM THE DISKETTE.

(A) 140926
Figure 1-20. Read ID Format

1.9.6 No-Operation — NOP {101)

Command code 101 is used by the hard disk controllers to initiate an unformatted write operation.
Unformatted writing is not supported by the TFDC. The controller terminates the operation and
returns command timeout status.

1.9.7 Seek (110)

The Seek command allows the programmer to command the head assembly of the selected unit to
move to a specified track and to load the heads in anticipation of a future data transfer command.
Seek operations to the four (maximum) drives are independent and may be overlapped.

The disk controller does not remain busy for the duration of the Seek operation. Upon receipt of
the command words, the controller checks status on the selected drive and initiates the physical
Seek operation. This forces the attention bit for the affected disk become go inactive (low). If the
drive returns not ready, unsafe, or seek incomplete status, the operation aborts with unit error
status. If no errors occur, the disk controller terminates normally and becomes idle while the Seek
is still in progress. The disk controller is free to accept any type of command for any drive except
the one that is Seeking.

The attention line for that drive remains at zero until the specified cylinder is located. The atten-
tion bit goes to one and if the associated mask bit is set and the controller is idle, an interrupt is
sent to the 990 CPU. If the controller is busy, the interrupt waits until the controller becomes idle
again.

The heads remain loaded to the disk surface for approximately one second after the cylinder is
located. This allows ample time for the controller to generate the attention interrupt. It also allows
time for the 990 processor to determine that the interrupt resulted from Seek completion and to
send the write or read-type command.
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Table 1-11. Read ID Command Example

Word Data Comments
Command:

0 0000 Clear attention mask bits

1 0401 Read ID, surface 1

2 0109 One sector per record, sector 9

3 001B Cylinder 1B (hex) = 27

4 0006 6 bytes = 3 words (maximum for this
command)

5 4BF0 CPU byte address of TILINE buffer =
4BF0, equivalent to TILINE word
address 025F8

6 0800 Unit 0, part of TILINE address

7 1000 Initiate operation, enable interrupt on
completion

Returned
(CPU Byte Address):
4BF0 081B Head No. 1, Cylinder 1B (hex) = 27
4BF2 0109 One sector per record, sector 9
4BF4 0120 120,¢ = 288 bytes = 144 words
(double-density diskette in selected
unit)

Use of the Seek command allows the physical head movement to be performed without keeping
the controller busy for the duration of the electromechanical operation. This is a significant advan-
tage in terms of system throughput if two or more drives are operated from one controller.

1.9.8 Restore (111) :

The Restore command positions the heads of the selected unit to cylinder 00 of the diskette and
loads the heads for a one-second period. A Restore or a Store Registers operation must be per-
formed to clear unsafe (WO, bit 3) or seek incomplete (WO, bit 5) drive status. Restore operations,
like Seek operations, may be overlapped.

The Restore command places the head carriage in a home base position. The controller issues
step commands to position the head carriage. It also keeps track of current cylinder location by a
cumulative tally of positive (inward) and negative (outward) steps. A Restore command
reestablishes the reference location for positioning.
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A Restore operation is required whenever a system reset has occurred or whenever a diskette has
been removed or swapped from the selected drive. The system reset is identified by error and
abnormal completion status. A diskette change is identified by unit error and unsafe status.
Restore is also required to clear seek incomplete status for the specified drive.

Upon receipt of the Restore command, the controller performs the following operations:
1. Check ready status of selected unit.
2. If ready, immediately return controller to idle status with operation complete.

3. Start stepping the drive heads in the negative direction (away from the center of the
diskette) while monitoring the track 00 signal line. A maximum of 80 steps is allowed.
The drive attention bit goes to zero during the positioning operation.

4. Cease stepping when track 00 signal from drive goes active. At this point the heads are
positioned and loaded at cylinder 00. Seek incomplete status is reported if track 00 is
not reached within 80 steps.

5. If the attention mask bit for the unit is set, an attention interrupt is generated when the
attention line returns high (assuming the controller is idle). There is no other notification
of completion, as the operation complete status was activated on receipt of the
command. '

If the selected unit is not ready when the Restore command occurs, the operation is aborted
(idle and error). Unit error is loaded into the controller status register, and off line, not ready, un-
safe, and seek incomplete are loaded into the disk status register. Thus, there is not an immediate
normal operation complete if the drive is not ready when the operation is initiated.

If the operation starts normally (selected unit ready), the controller sets the idle and operation
complete status bits and starts stepping the head carriage. If track 00 is not detected within 80
steps, seek incomplete is loaded into the disk status register (W0) along with the associated drive
attention bit. Note that the idle and operation complete bits remain set.

If the associated attention mask bit is set, an attention interrupt occurs when the drive attention
line returns high (controller idle). This interrupt occurs whether the attention line returns high fora
successful or an incomplete positioning operation.

1.10 EXTENDED MODE COMMANDS
The extended mode commands are those commands for which the extended mode bit (W1, bit 0) is
set. The extended mode bit allows the command code field (W1, bits 5-7) to select from an addi-

tional set of eight commands. These are the commands that are less commonly used during the
course of data storage and retrieval operations.
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1.10.1 Extract Interlace Factor (000 — Extended)
It is possible to format a diskette so that the logical order in which sectors are read or written is
not the same as the physical order of sectors on the diskette. For example, a diskette may be for-
matted with sequential logical records on alternate physical sectors. A large data buffer would be
recorded on physical sectors 0, 2, 4, 6,...22, 24, 1, 3, 5,...23, 25 of a double-density diskette. Two
diskette revolutions are required to fully record the track.

The interlace factor is a whole number that describes the relationship of physical and logical sec-
tor order. For the example above, sequential logical records are on every second physical sector,
and the interlace factor is two. In general, for an interlace factor of n, sequential logical records
are on every nth physical sector, and n diskette revolutions are required to record or to read a full
track. Another way of looking at this is that there are n-1 sectors between logically sequential sec-
tors. For convenience, an interlace factor of zero is defaulted to an interlace factor of one (physical
and logical record order correspond with no skipped sectors). Refer to the Write Interlaced Sector
Format description, paragraph 1.10.2, for additional information.

The Extract Interlace Factor command may be used to determine the interlace factor of a diskette
installed in the selected unit. This is basically a diagnostic command that is typically entered by
an operator who needs to know the characteristics or to make a duplicate of an unknown diskette.
Note that the Read Data and Write Data commands automatically adapt to the interlace factor for-
matted on the diskette.

The Extract Interlace Factor command always returns one word. The word count in the command
words is ignored by the controller.

The interlace factor is determined by reading ID words from the disk drive, so drive unit status is
checked, and the heads are positioned to the correct cylinder and loaded to the diskette surface.
The interlace factor is calculated in the controller and returned to TILINE memory at the specified
address. The interlace factor returned is in the range 1to 19,6 (1-25,,) for a single or double-density
diskette.

The error and ID error status bits are set if the controller is unable to determine the interlace fac-
tor. Such a case could occur with a defective or unformatted track.

Table 1-12 is an example of an Extract Interlace Factor command.

1.10.2 Write Interlaced Sector Format (001 — Extended)

In some cases it is desirable to format a diskette so that logically sequential records are not
placed in physically adjacent sectors. For example, the software might have to read a record and
might spend a considerable amount of time processing the data befcre reading the next record. If
this time delay extends into the time that the heads reach the next physical sector, this second
record cannot be read until a full revolution (166.67 milliseconds) later. However, if the diskette is
formatted to skip a sector between iogically sequential records, this delay would be reduced to
less than 6.27 milliseconds.
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Table 1-12. Extract Interlace Factor Example

Word Data Comments
Command:
0 0000 Clear interrupt mask
1 8000 Extended mode, command code O,
surface 0
2 0100
3 004A Cylinder 74
4 0002 Byte count = 2, word count = 1
5 41BA CPU byte address 41BA, equivalent to
TILINE word address 020DD
6 0800 Unit 0, part of TILINE address
7 0000 Initiate operation, no interrupt on
compietion
Returned

(CPU Byte Address):

41BA 0001 interlace Factor = 1 (no interiacing)

-

The interlace factor is an integer that describes the relationship between physical and logical sec-
tor order. For the example above, sequential logical records are located on every second physical
sector, so the interlace factor is two. In general, for an interlace factor of n, sequential logical
records are located on every nth physical sector and n revolutions are required to completely read
a track.

Selection of interlace factors may be used to tune the flexible disk storage system for best
throughput with specific software. This is described in the installation and operation manual. For
example, an original equipment manufacturer (OEM) may be using a high-speed Texas
Instruments disk-based hardware/software system as a manufacturing facility to produce format-
ted or fully recorded diskettes for a flexible-disk based product. The interlacing capabilities allow
the OEM to supply flexible disk storage that is properly mated to the product’'s software
capabilities and requirements. Interlacing may be specified when a diskette is initialized by the
DX10 Initialize New Volume (INV) command.

Note that the Read Data or Write Data operations automatically locate the correct logically se-

quential records regardless of the interlace factor. All records on a track are formatted with the
same interlace factor; the first logical record of the track is always in sector 00.
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The Write Interlaced Sector Format command is very similar to the Write Format command. It is
used for verifying and formatting a new diskette or for reformatting an existing diskette. One com-
plete track is formatted per command.

CAUTION

The Write Interlaced Sector Format operation destroys any data that
may have existed on the specified track.

Prior to initiating the command, the programmer must store two words in sequential TILINE word
addresses. The first address must be loaded with a filler word. The address of the filler word is
supplied to the controller as part of the control words. During the formatting operation, the con-
troller reads this address and stores the word temporarily. This word is later used repetitively to fill
all of the data areas of the formatted track. The second address must be loaded with the interlace
factor. The valid range is 0000-0019,, (0-25,,). Note that the value zero is automatically defaulted to
one within the controller (no interlacing).

After initialization, the controller performs the following operations:
1. Check drive status and Seek to specified track.
2. Perform surface analysis of track by writing and reading back a test data pattern.

3. Using the interlace factor read from TILINE memory, record ID words on correct
physical sectors (starting at physical sector 00 for double-density, physical sector 01 for
single density). Fill the data area of each record with the filler word previously read from
TILINE memory.

If the surface analysis fails, the controller returns data error status upon completion. Regardless
of a surface analysis failure, the controller attempts to format the track.

Table 1-13 is an example of the control words for a Write Interlaced Sector Format command.

1.10.3 Read Delete (010 — Extended)

The Read Delete and Write Delete commands are provided for compatibility with IBM formats on
the SSSD diskette. Control information or other privileged data may be recorded in a manner that
is inaccessible to an ordinary Read Data command. A special data mark precedes each field of
privileged data. The sector is called a deleted sector, and the data mark is called a delete data
mark.
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1.10.4 Write Delete (011 — Extended)

The Write Delete command is provided for compatibility with IBM formats for the SSSD diskette.
The Write Delete command allows the programmer to write a sector of data that is inaccessible to
an ordinary Read command. A special deleted data address mark is written at the start of the data
field. This mark, which replaces the usual data address mark, cannot be interpreted by an ordinary
Read Data command, so reading of such a sector is privileged. A Read Delete command
(paragraph 1.10.3) is required to read a deleted record. The Write Delete command is similar to the
Write Data command (paragraph 1.9.4) with these exceptions:

e  Write Delete is valid only for single-density diskettes.

e A Write Delete command automatically defaults to a Write Data command for a double-
density diskette.

1.10.5 Read Unformatted (100 — Extended)
The Read Unformatted command allows the programmer to read a track and to examine a
specified number of words without regard to CRC errors, interlacing, or standard record format-
ting. This is primarily a diagnostic feature.

The programmer specifies a sector of the selected track to start the read process. Once a valid ID
address mark is detected, the controller checks the second ID word (sector address) looking for a
match with the specified starting sector number. Once the sector is located, the controller starts
reading the specified number of words to TILINE memory, starting with the ID 2 word {sector
number).

ID words, CRC words, gap data, address marks, and data fields are read and transferred to memory
as though they were all data words. There are normally glitches in the gaps. These glitches are due
to write head turnon and turnoff transients, and the fact that the write clock phases recorded dur-
ing formatting and write operations differ. These glitches may cause apparent shifting of word
boundaries.

A timeout feature in the Read Unformatted command limits the operation to a maximum of two
diskette revolutions, even if the transfer word count has not decremented to zero. Such large word
counts are uncommon. The Read Unformatted command reads deleted sectors (those recorded
with the special delete address mark preceding the data) without error.

The controlier returns an ID error if no valid ID address mark can be found. This might occur, for ex-
ample, on a track that never was formatted.
NOTE
If the specified starting sector is not found within four revolutions, a

search error is reported.

The programmer may deliberately specify a nonexistent starting sector address (such as 1A;), in
which case the controller starts reading from the first valid 1D address mark and continues until
the transfer word count decrements to zero or the operation times out after two revolutions.
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Table 1-13. Write Interlaced Sector Format Example

Word Data Comments
0 0000
1 8100 Extended mode, command 001, surface 0
2 0100
3 0049 Cylinder 49,, = 73,
4 0000 Word count not applicable (controller inter-

nally chooses maximum value, depending
on diskette type).

5 30CC CPU byte address for the filler word.
Interlace factor word is stored at next even
byte address (30CE for this example).

6 0400 Unit 1 selected. Five address MSBs are
zeros.
7 1000 Interrupt on completion.

The Write Delete command (paragraph 1.10.4) is used to record each sector of deleted data on a
single-density diskette. The data is said to be deleted because the special data mark removes it
from the range of a Read Data command. A Read Deiete command is required to read a deleted
sector.

The Read Delete command is similar to the Read Data command (paragraph 1.9.3) with the follow-
ing exceptions:

* Read Delete is valid only for single-density diskettes.

. A Read Delete command will automatically default to a Read Data command for a
double-density diskette.

The controller returns both data error and ID error if the programmer attempts to read a deleted

sector with a Read Data command or to read an ordinary sector with a Read Delete command. The
read command type must match the data type.
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1.10.6 Write Controller Memory (101 — Extended)
This command is reserved for diagnostic purposes. It has no operational uses. This command
makes it possible to write data words from the 990 computer to the scratchpad RAM on the con-
troller. The cylinder address field in W3 serves as the internal address value for this operation. The
address map in Table 1-14 shows the allowable address ranges. The starting address of the main
memory buffer area and the word count are specified as in any other read or write operation.

CAUTION

The contents of the on-board scratchpad RAM are coordinated with the
9900 control program ROM and real-time controller operations. Pos-
sible side effects of modifying these locations include destruction of
files on the diskette. Do not use this command unless specifically
authorized and guided by Tl engineering.

The Write Controller Memory command can be used to install special user-defined commands in

the controiier RAM. The appiicabie RAM address assignments are shown in Table 1-14.

Table 1-14. RAM Address Assignments (Partial List)

RAM
Location

Assignment*

8000-80DC
80CA

80CC

80DE-80FE

8100-8134

8140-81FE

Note:

Workspace and RAM variabie storage locations

RAM starting address for command code 5.
Normally assigned for command timeout routine

Location for inhibiting command trace option by
loading zeros. Inhibiting the trace option frees
locations 8140-81FE for other uses

Unused RAM space
Scratchpad for sector numbering table used by
Write Format and Write Interlaced Sector Format

commands

Command trace table; may be freed by writing
zeros to address 80CC

* Any controller reset or self-test execution forces all addresses back to

default assignments.

2261885-9701
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To install a user-defined command, the programmer should:

1. Code the new command and reduce to 9900 machine language form. Count the number
of locations required for the machine and decide how to map it into the available RAM
space. Note the command should return the controller to the idle sequence by using a
BLWHP instruction to hexadecimal address 54 (IDLVEC). Examine the 9900 control pro-
gram listing for other program segments that may be useful in implementing the special
command.

2. Use the Write Controller Memory command to;
a. Write the starting address for the special command code to location 80CA.

b.  Write zeros to controller RAM location 80CC (steps a and b may be performed with
a single Write Controller Memory command).

c. Transfer the machine code to RAM, starting at the address loaded into location
80CA.

3. Execute the special command using command code 5.

4. Use the Read Controller Memory command to assist in checking out the new command.
An AMPL test system, if available, is also very useful for checking out the details of
command execution.

1.10.7 Read Controller Memory (110 — Extended)

This command is reserved for diagnostic purposes. It is used to read back values from the con-
troller on-board ROM and RAM locations. An address map in Section 2 of this manual shows on-
board memory assignment; the control program listing in Appendix B provides detailed informa-
tion about memory assignments.

The cylinder address in control word W3 serves as the internal address field for this operation.
Word count and 990 main memory (TILINE) buffer address contro! are similar tc a Read Data
operation.

1.10.8 Extended Test Commands (111 — Extended)

This command causes the controller to execute one of its extended self-test sections, as
specified by a value in W3. Failure of a self-test is indicated by all ones (FF), returned in the right
byte of W7, and an error code in the right byte of W2. The self-tests are:

Hexadecimal
Test Number Description
0000 Microprocessor
0001 On-board RAM
0002 ROM
0003 PIA
0004 Slave register
0005 TILINE master/busy slave
0006 Data separator/encoder
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Hexadecimal
Test Number Description
0007 Drive interface
0008 TILINE interrupt
0009 Extended disk l/F (loopback)
000A VCO adjust
000B Drive head test
000C Tap test
000D Diagnostic Delay

CAUTION

Certain of these extended test commands will hang the controller in a
test loop until an I/O reset or power reset aborts the test. Also, some of
these tests are capable of destroying diskette data.

Refer to Table 3-4 for additional seif-test information.

1.11 RECORDING FORMAT

The recording media is a 200-mm (7.88-in.) diameter flexible plastic disk which is coated on one or
both surfaces with a thin layer of magnetic oxide. The disk is permanently encased in a 203
millimeter (8 inch) square plastic protective jacket. An inner-surface coating in the jacket wipes
the disk clean of dust as it rotates within the jacket. A large central cutout in the jacket allows the
drive spindle to clamp the disk for rotation. The whole package is called a diskette.

A manufacturer’s tag identifies the top of the diskette and is used to select orientation for install-
ing the diskette (see Section 2). Oval top and bottom cutouts allow the read/write heads access to
the recording surface. The recording surface of a single-sided diskette, surface 0, is the bottom
surface of the rotating disk. On a DSDD diskette, the lower surface is called surface 0, (to be con-
sistent with the single-sided diskette) and the upper surface is side 1.

A round cutout in the diskette jacket allows an optical transducer in the drive to generate a pulse
when a smaller hole in the disk rotates past the cutout. This index pulse occurs once per revolu-
tion. It is used to verify that the disk is rotating, and it serves as a reference for formatting soft sec-
tors on the disk.

The position of the index hole cutout in the diskette jacket identifies the type of diskette. As
shown in Figure 1-21, the index hole cutout of a single-sided diskette is very close to the imaginary
diskette centerline that runs through the center of the oval recording cutout and the spindle
center point. The cutout is displaced about 16 millimeters (5/8 inch) to the right of the centerline
for a DSDD diskette.

The FD1000 drive has index sensors at both positions and determines diskette type by which sen-

sor detects index holes when the disk is spinning. A diskette type status signal from the drive to
the controller selects the correct recording format.
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Figure 1-21. Single-Sided and Double-Sided Diskettes

A single hardware-generated index mark occurs on each revolution. Each of the 26 sectors starts
with an identification (ID) header which includes a read synchronization pattern, ID address mark,
and twc 1D words that identify the track, surface, record number, and the number of data bytes in
the record. A third header word contains a CRC word that checks the integrity of the two ID words.

A diskette is write protected by means of a notch or hole in the diskette jacket 57 millimeters (2.25
inch) from the read/write head access slot. If the hole is open, the disk is write protected and may
not be written upon. A small tab (supplied with a pack of diskettes) may be taped over the hole or
notch to enable writing on the diskette.

1.11.1 Single-Density Diskette Format

The FD1000 flexible disk system records SSSD diskettes using frequency modulation (FM) tech-
niques. SSSD diskettes are interchangeable with diskettes recorded in an FD800 floppy disk
system. Each track and each record is recorded in the standard IBM 3740 (128 byte/sector) format.
Track allocation and use is a function of the operating system software. Texas Instruments
operating system software does not allocate tracks per the IBM conventions. IBM conversion
utilities included in the Tl operating systems allow the user to transport diskettes between IBM

and Tl systems.

Track formatting of the single-sided diskette is illustrated in Figure 1-22. The diskette is initialized
with 77 tracks (00 to 76), each segmented into 26 sectors (1 to 26) of 128 data bytes.
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A gap separates the end of the header and the beginning of the data. The data area consists of a
read synchronization pattern, a data address mark, 128 data bytes (64 words), and a CRC word that
checks the integrity of the data. An interrecord gap follows the data field. The SSSD format is sum-
marized in Table 1-15.

1.11.2 Double-Density Diskette Format

The flexible disk system records DSDD diskettes using modified FM (MFM) encoding techniques.
The diskette is recorded in a Texas Instruments format, Figure 1-23. The diskette is organized into
77 cylinders that consist of a track on the lower surface (side 0) and the corresponding track on the
upper surface (side 1). ‘

A single hardware-generated index mark occurs during each revolution. Each of the 26 sectors
starts with an ID header that includes a read synchronization pattern, ID address mark, and three
words that identify the surface, cylinder, number of records per track (26), record number, and byte
count per record (288 bytes/record). A CRC word verifies the integrity of the header.

A gap separates the data area from the end of the ID header. The data area consists of a read syn-

chronization pattern, a data address mark and 288 bytes (144 words) of data followed by a CRC
word that verifies data integrity. The DSDD format is summarized in Table 1-16.

Table 1-15. FD800 Diskette Recording Format Summary

Field Explanation
SYNC Each SYNC field contains six bytes of zeros. The SYNC field
(Synchronization) synchronizes the disk drive circuitry to the information being

read from the diskette.

AM 1 Address mark 1 consists of a unique byte that violates

(ID Address mark) the normal FM encoding rules. AM 1 precedes the ID field
and has missing clock pulses as indicated by zeros in the
clock pattern of the following diagram.

DATABITS —>| 0 O]1 1 1+ 1 1 1 1 0
CLOCK PULSE~> 1/1 1. 00 0 1 1 1

end of AM 1 byte preceding

SYNC iD field
bytes
Data pattern = >FE Clock pattern = >C7
ID The 1D field contains four bytes (two words) that identify the
(Identification) address and size of the sector. These four bytes are as
follows:
BITS 0 78 15
WORD 1 TRACK NUMBER HEAD NUMBER

In word 1, the track number will be a maximum of 76, or >00
to >4C. The head number will always be 00.
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Table 1-15. FD800 Diskette Recording Format Summary (Continued)

Field Explanation
BITS O 78 15
WORD 2 RECORD NUMBER| RECORD LENGTH
In word 2, the record number will be a maximum of 26, or >01
to >1A. The record length is 128 bytes and is indicated as 00.
CRC There are two CRC words, one following the ID field and one
(Cyclic following the data record. The CRC word following the 1D
redundancy field is generated when formatting the diskette. The con-
check) tents of this CRC word is determined by the header data,
AM 1 thru ID 2. The contents of the data CRC word is deter-
mined by the data address mark (AM 2) and the data record.
CRC words are recalculated during a read operation. The
results of each recalculation are checked against the re-
corded CRC words. If the CRC words compare, the ID or data
record was read correctly.
GAP 2 The GAP 2 field consists of 11 bytes of >00s.
(Intrarecord
gap)
AM 2 The AM 2 field is either >FB or >F8. Field >FB identifies the
(Data address field that follows as a data record. Field >F8 identifies the
mark) field that follows as a control record (IBM deleted data). AM 2
has missing clock pulses as indicated by zeros in the clock
pattern of the following diagram.
DATABITS—>»| 0 0{1 1 1 1 1 0 X X
CLOCK PULSE > 111000111
end of AM 2 byte preceding
SYNC data field
|bytes
XX = 11 for >FB Clock pattern = >C7
00 for >F8
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Table 1-15. FD800 Diskette Recording Format Summary (Continued)

Field Explanation

DATA RECORD The DATA RECORD field contains 128 bytes of data or con-
trol records. In a control record, the first byte is used to in-
dicate defective or deleted records as follows:

Defective Record (Alternate Physical Record
Relocation)

D = Deleted Record
F = Defective Record (Sequential Physical Record
Relocation)
GAP 1 The GAP 1 field consists of two bytes of >00s followed by a

variable number of >00 bytes depending on the diskette
speed and record length.

GAP 3 The GAP 3 field consists of a variable number of >00 bytes
(nominally 46 bytes).

AM 3 The AM 3 field is always >FC. It identifies the start of a track

(Track address (referenced to the index hole in the diskette). AM 3 has miss-

mark) ing clock pulses as indicated by zeros in the clock pattern of

the following diagram.

00
1

DATA BITS —>

11111100
CLOCK PULSE> 1

11010 11

end of AM 3 byte
SYNC
bytes |
Data pattern = >FC Clock pattern = >D7
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Table 1-16. FD1000 Diskette Recording Format Summary

Field

Explanation

1-64

SYNC
(Synchronization)

AM 1
(Address Mark 1)

ID
(!dentification)

There are two synchronization fields, a 12-byte SYNC fieid
for the sector ID header and an 8-byte SYNC field for the data
record. Separate SYNC fields are required because sector
headers and data are written at different times (and possibly
on different machines). There is no predictable phase rela-
tionship between clocks generated at these different times.
The SYNC fields provide a clock/data pattern to lock the data
separator phase lock loop to the records on the diskette. The
SYNC pattern is 01010101 (>55).

Address mark 1 consists of one unique byte that violates the
normal MFM encoding rules to allow synchronization on
both bit and byte levels. AM 1 precedes the ID field and has a
data value of 00001010 with no transition for the third zero
marked MC in the following diagram.

[

0j0|0|1
CcMCC
end of AM 1 byte preceding

SYNC ID field
bytes

DATABITS —>| 0 |1|0

CLOCK PULSE->

C = clock pulse MC = missing clock puise normally
provided for MFM encoding

The identification field contains six bytes (three words) as
follows:

BITS 0 45 89 15

TRACK ADDRESS

WORD 1

HEAD 0000 CYLINDER

Word 1 is the track address on which this ID is recorded. The
head address is in bits 1 through 4 and the cylinder address
is in bits 9 through 15. Bits 5 through 8 are always zero.

BITS 0 78 15

WORD 2 | RECORDS PER TRACK| RECORD ADDRESS

Word 2 contains the number of records (sectors) per track
and the record address. The maximum record address is >19.

BITS 0 15

WORD 3 BYTE COUNT
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Table 1-16. FD1000 Diskette Recording Format Summary (Continued)

Field Explanation

Word 3 contains the byte counter that defines the size of the
record following the recorded ID. All records on a track are of
the same fixed length of 288 bytes. The byte counterof the ID
word will be checked by the controller as part of the ID loca-
tion check during any data transfer operation.

CRC The CRC character is the 16-bit remainder value generated,
(Cyclic on a WRITE DATA or FORMAT operation, by performing a
Redundancy polynomial division of the string of bits that includes the ad-
Check) dress mark and the data field. The polynomial divisor is

selected to provide the best error detection probability. The
selected divisor is the standard CRC-CCITT polynomial
described with the CRC logic (Section 2).

To further reduce the possibility of a false CRC error, a par-
tial remainder value of >FFFF is preset into the CRC
generator prior to any CRC generation or checking operation.
During an ID location or READ DATA data field transfer
operation, the address mark and following data, including
the previously written CRC value are again divided by the
divisor polynomial. If the data does not contain any errors,
the resulting remainder value in the CRC generator will be
0000. Any other value indicates that the data integrity has

been lost.
GAP 2 An intrarecord gap consisting of 21 bytes of >55 occurs after
(Intrarecord gap) a WRITE FORMAT command. The gap can pick up undefined

bits after write data commands because the write turn-on
transition occurs in this gap.

AM 2 Address mark 2 consists of one unique byte that violates the
{Address mark 2) normal MFM encoding rules to allow synchronization on
both bit and byte levels. AM 2 precedes the data record and
has a data value of 00001011 with no transition for the third
zero (marked MC on the following diagram).
']

ojojojo
C C
end of AM 2 byte preceding data

SYNC record
bytes

DATA BIT —>
CLOCK PULSE->

01 1

C = clock pulse MC = missing clock pulse normally
provided for MFM encoding

DATA RECORD The data is recorded as 16 bit words following the data ad-

dress mark. The data length is fixed at 144 words (288 bytes).
The data is always foliowed by a CRC field.
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Table 1-16. FD1000 Diskette Recording Format Summary (Continued)

Field

Explanation

GAP 3
(Interrecord gap)

INDEX GAP
(Gap 1)

Gap 3 is an interrecord gap called the postamble. This gap
compensates for rotation speed timing tolerances and
prevents writing into the ID area of the next record. When the
FORMAT command is executed, the controller writes 51
bytes of >55 (816 microseconds) in the gap.

The index gap length depends upon the actual speed of the
drive. This gap compensates for the speed tolerance.
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2

Theory of Operation

This section describes the theory of operation for the Model FD1000 Flexible Disk Controller
(TFDC) and the International Chassis Power Supply. Two versions of the TFDC exist, the
multilayer version (2261690-1) and the fineline version (2267295-1). The International Chassis
Power Supply also exists in two versions, the original version (2261695-1) and the buffered version
(2269977-1).

Descriptions in this section are based on the following drawings in Appendixes E and F:

Assembly Logic
Device Drawing Drawing
Multilayer Controller 2261690 2261695
Fineline Controller 2267295 2267297
Int. Chassis Power Supply 2261695 2265018
Buffered int. Chassis
Power Supply 2269977 2269979

The differences between versions of the TFDC are basically layout changes due to a different
logic board construction. There is only a minor functional difference, due to one added flip-flop
(FIF) in the fineline TFDC. The logic diagrams correspond sheet-for-sheet. Logic diagram sheet
references in the figures or text apply to both controllers, uniess specified otherwise.

The differences between versions of the International Chassis Power Supply are more extensive.
The changes involve a redesign of the power supply and changes in line termination, drive selec-
tion options and signal buffering. The logic drawing sheet numbers do not correspond. Due to the
magnitude of the differences, separate descriptions are provided at the detailed theory level.

2.1 TFDC INTERFACES

There are two types of FD1000 flexible disk systems: those with the domestic chassis, and those
with the international chassis. The signals exchanged between the controller and the 990 com-
puter are identical for either system. A domestic system uses a daisy-chain local bus for drive/
controller communication as shown in Figure 2-1. The control and data signal paths run directly
between the drive electronics and the controller.
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An international system, Figure 2-2, uses one or both of the controller remote ports. Status and
control signals are multiplexed into serial pulse streams for transmission over the remote bus.
The power supply/interface board in the international chassis performs status signal multiplexing
and control signal demultiplexing for one or two drive units. A local intrachassis bus connects the
drives to the power supply/interface board. Except for the names, these signals are identical to the
local bus signals of a domestic system. These signals are described in more detail in the logic
descriptions of the TFDC input/output circuits.

2.1.1 Controller to 990 Computer Interface

Refer to the left side of either Figure 2-1 or Figure 2-2 which shows the TILINE signal flow between
the 990 computer and the disk controlier. The drawing shows these signals grouped according to
function.

The TILINE master and slave data transfer signals include:

¢ TILINE Address. Twenty bidirectional address lines used to define the memory location
of data for a read or write operation.

] TILINE Data. Sixteen bidirectional lines used to transfer data between the TILINE and
the controller.

*  TILINE Read. This signal commands a read when high and a write when low. It is pro-
vided by the TILINE master device that currently has control of the bus.

*  TILINE Go. Data transfers between the TILINE and the disk controller are initiated by the
high to low transition of this signal.

*  TILINE Terminate. A signal that is generated by a slave device to indicate completion of
the operation.

The TILINE access control signals coordinate the orderly sharing of bus resources among com-
peting TILINE master devices. These signals include:

*  TILINE Wait. The TILINE wait signal temporarily suspends the controller from using the
bus.

*  TILINE Acknowledge. When low, this signal indicates that some device has requested
bus access, has acquired the next available cycle, and is waiting for the bus to become
available. When high, it indicates that the next bus cycle is not reserved.

*  TILINE Access Granted (in). When high, this signal indicates that no higher priority
master has requested use of the TILINE. When low, it prevents the controller from gain-
ing access to the bus.

*  TILINE Access Granted (out). When low, this signal indicates that the controller, or a

higher priority controller, is requesting use of the bus, preventing any lower priority con-
troller from starting a bus request cycle.
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N DR E TABLE BELOW) 3
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Theory of Operation

There are two data interrupts related to controller operation:

e TILINE Interrupt. This is the general interrupt from the controller slot location to the 990
processor.

e  TILINE Memory Error. This interrupt is generated by 990 main memory if an uncorrect-
able error is detected during a memory read operation. The TFDC generates a TILINE

LR R R ST e &

memory error if the TILINE data transfer test fails preceding a disk read operation.

The peripheral reset signals clear the controller and the drives to safe states in the event of an 11O
reset or a power shutdown. These signals are:

e  TILINE Power Failure Warning Pulse. This signal is a pulse preceding the power reset
that indicates a power shutdown is in progress.

¢ TILINE Power Reset. This signal goes low to reset the controlier and alf other devices in
the 990 chassis. It is generated as part of the computer power-down and power-up
sequences.

¢ TILINE I/O Reset. When this signal is low, it halts and resets all input/output devices.
This signal is developed by the 990 processor.

2.1.2 Drive Unit Interface Signals

The drive unit has the same input/output signal characteristics whether it is connected to the
TFDC local bus port or to the intrachassis bus of the international chassis power supply/interface
board. The drive input/output signals fall into five groups; write, read, access control, diskette
rotational position (index), and drive status.

The write signals include:

e  Write Data. This is a pulse waveform that is encoded to produce either FM or MFM data
recording on the diskette. The code is self-clocking.

e  Write Gate. This is a control signal that allows the write drivers to supply current to the
read/write heads

* Low Current. This write signal commands the drive to reduce the amount of drive cur-
rent. It is used to improve data recovery margins when recording on the inner tracks.

The read signal is a serial bit stream that represents encoded data (including clock pulses) read
from the diskette.

The access control signals include the signals necessary to select a drive unit, select a head, and
step the head carriage to the desired track. These signals are:

. Direction/Head Select. This is a dual-purpose signal that determinres the direction (in or
out) of a step signal when positioning the heads, and also selects the lower or upper
head when reading or writing.

¢  Step. A single-step command, this signal moves the heads by one step in the direction
determined by the direction/head select signal.
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Drive Select 1-4. This signal selects one of the four possible drives for control, status,
and data signal interchange.

The rotational position signal is:

Index. This signal is a single pulse indicating that the index mark has passed the index
sensor. It serves as the initial reference for soft-sectoring of the diskette.

The drive status signals are:

Write Protect. This signal indicates that the write protect notch of the diskette is ex-
posed, inhibiting write current.

Track 00. This signal indicates that the head carriage is positioned at track 0, and serves
as a physical reference for track positioning.

Ready. This signal indicates that the selected drive is ready to accept read, write, or
positioning commmands.

Disk Change. The disk change signal indicates that the drive has gone to a not ready
condition when not selected. Indicates that the drive power has been cycled or that the
drive door has been opened. ‘

Two-sided. This is a diskette type-identification signal (SSSD or DSDD).

2.1.3 Remote Port Interface Signals

The remote port interface signals are exchanged between the TFDC remote port and the inter-
national chassis remote port. These signals are muitiplexed/demultiplexed to local bus equivalent
signals in the ports. The remote port interface signals are:

Write Data. Differential driver version of serial write data encoded for FM or MFM record-
ing on the diskette.

Read Data. Differential driver version of serial read data and clock.
Write Enable. Differential driver version of write gate.

Multiplexed Control Signal. Serially-encoded control signals.
Muttiplexed Status Signal. Serially-encoded drive status.

Multiplexer/demultiplexer Clock. Reference clock for serially encoded signals.

2.2 TFDC BASIC BLOCK DIAGRAM

The TFDC is a microprocessor-based controller that manages disk control and data transfers in-
dependently of the Model 990 Computer after accepting a group of control parameters.

Figure 2-3 shows that the disk controller logic may be partitioned into three major functional
groups; the TILINE interface, the central processor section, and the disk interface logic.

2-6
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Figure 2-3. TILINE Flexible Disk Controller
Simplified Block Diagram
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2.2.1 TILINE Interface

The TILINE interface consists of the TILINE slave logic, the TILINE master access logic, the
TILINE interface controller, and the line drivers and receivers. The slave logic is activated when
the 990 processor addresses one of the eight TILINE slave addresses that are assigned to the con-
troller. These slave addresses are dedicated to status and control words W0-W?7, and are used to
ioad control words into the register file (slave write), or to request status words from the register
file {slave read). The term “slave” applies tc these operations because the controller responds to
an externally-supplied address and a read/write command.

The TILINE master access logic is activated by the 9900 control program to transfer data from the
controller to a specified area of 990 memory. The TILINE master access logic requests and attains
access to the bus and manages the handshaking interchange of control signals that accompanies
each word transfer. The TILINE interface controller is a ROM-based state controller that works
with the discrete logic of the master access logic and slave logic for TILINE cycle control. The
TILINE interface controller also controls access to the register file and to the register file bus.

2.2.2 Central Processor Section

The central processor section uses a TMS 9900 microprocessor, associated circuits, and a perma-
nent, on-board 9900 control program that controls execution of the operations specified by
WO-W7.

The heart of the central processor section is the TMS 9900 16-bit microprocessor. The basic
architecture and instruction set for the TMS 9900 apply to all computers in the 990 family. The
communications register unit (CRU) input/output bus and the memory-mapped input/output
capabilities of the microprocessor are used for operating sequence control. The microprocessor
controls data transfer through the controller logic and over the controller internal buses, but the
data path does not go through the microprocessor. The microprocessor reads drive and controller
internal status information, and initiates and controls operating cycles.

The TMS 9901 peripheral interface adapter (PIA) serves as a timer, interrupt encoder, and CRU
input/output register for the microprocessor.

The control program is burned into a read-only memory. This program is written in TMS 9900/990
machine language, and is documented in this manual by flowcharts, routine/subroutine descrip-
tions, and an assembly language listing with comments.

The random access memory provides the workspace registers and temporary scratchpad storage
locations required by the 9800 control program.

2.2.3 Disk Interface

The disk interface may be divided into two major blocks, the data separator and the drive interface.
The drive interface consists of the line drivers and receivers that transmit and receive data, status,
and control signals at the /O ports. The drive interface also includes the remote port control
signal multiplexers and status signal demultiplexers.

The data separator performs the clock recovery, bit synchronization, word synchronization, and
serial-to-parallel conversion necessary to convert the serial data stream from the drive unit to the
parallel format that is required by the controller internal buses and the TILINE. The data separator
checks the integrity of each sector address and of the data in each sector read from the disk.
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During write operations, the data separator performs parallel-to-serial conversions and the
clock/data encoding to produce a serial data stream for the drive unit. The data separator also ap-
pends an error check word to each sector of data.

2.3 BUS ORGANIZATION

As shown in the TFDC basic block diagram (Figure 2-3), the controller is organized around several
major buses: the TILINE address bus, TILINE data bus, register file address bus, register file data
bus, microprocessor address bus, microprocessor data bus, and communications register unit
(CRU) data bus.

The 20-bit TILINE address bus and the 16-bit TILINE data bus are used for all data and control word
transfers between the 990 computer and the disk controller. This high-speed asynchronous bus is
controlled by arbitration between competing TILINE master devices. There is no centralized bus
control.

The 16-bit register file data bus is used for all TFDC data transfers to and from the TILINE data bus.
A 16-word register file, addressed by the 4-bit register file address bus, may accept data from the
bus or supply data to the bus. Bus gating logic allows the register file address bus to be supplied
by the TILINE address bus, the microprocessor address bus, or a default (0000) address. The
register file and the register file bus transfers are controiled by the TILINE interface controller.

The 15-bit microprocessor address bus is the memory address bus of the TMS 9900
microprocessor. This bus is always supplied by the microprocessor address output. The
microprocessor address bus also serves as the address bus for the serial CRU bus system. The
16-bit microprocessor data bus is a bidirectional I/0 bus that may be driven from several sources
including the data shift register and the register file data bus, as well as the microprocessor and
the memories. The TMS 9900 microprocessor controls the bus, but may be suspended by external

contrnl
conirel.

The CRU bus is a serial bus that is used by the microprocessor for relatively slow status read and
control signal write operations. There is no communication between the on-board CRU bus and
the 990 computer CRU bus. The microprocessor controls the CRU bus by executing special CRU
input/output instructions.

The local daisy-chain bus and the remote buses used for communication with the drives and the
international chassis are described with the TFDC interfaces in paragraph 2.1.

2.4 BASIC DATA FLOW
The following paragraphs describe data flow through the TFDC for three important operations.

2.4.1 Data Flow -~ Loading Command Words

Figure 2-4 shows the data flow involved in loading command words W0-W?7 into the controller.
Each command word is sent from the 990 computer central processor as a TILINE data word. The
990 processor acts as a TILINE master during these operations. It acquires control of the TILINE,
supplies the TILINE address, the read/write control signal, and the word to be transmitted. The
TFDC acts as a TILINE slave, decoding the address and responding to the read/write control signal
by accepting the word.
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Each of the eight command words is assigned a unique TILINE address ranging from the TILINE
base address to base address + 7 word addresses. The three least significant TILINE address bits
are used to select one of eight registers in the 16-bit by 16-word register file. The register file ad-
dress is biased by eight so that WO-W?7 are stored in registers 8-15, respectively.

Two registers external to the register file are dedicated to storage of specific blocks of control in-
formation. These blocks are the four-bit attention mask from W0 and the most significant four bits
of W7. These bits must be available to the controller logic at all times. The registers which store
these critical values are the attention mask register and the idle status register.

Register file transfers and register file clocking are controlled by the TILINE interface controller.
The TILINE interface controller may clock all of a word from the register file bus into the register
file, or it may clock parts of the word into the register separately. The TILINE interface controller
controls the loading of the attention mask register and the idle status register.

2.4.2 Data Flow for Disk Write Operations

The simplified data flow for a Write Data command is shown in Figure 2-5. During this write opera-
tion, the TFDC is operating under its internal control program using previously-stored command
words WO-W?7 as parameters.

NOTE

During a Write Data operation, the controller reads back and verifies
each sector identification header prior to recording any data in that
sector. Data flow for the sector ID check is omitted from the figure.

The TFDC acts as a TILINE master to read each data word from 990 memory and store it in register
0 of the register file. The initial TILINE address and the transfer word count for the operation are
parameters supplied by the control words. The TMS 9900 microprocessor reads the starting ad-
dress from the register file, changes the format, and loads it into the TILINE address register/
counter as part of the write operation setup. The TILINE interface controlier increments the ad-
dress register/counter as each data word is transferred.

The operation of requesting and obtaining TILINE access, transferring one data word, and relin-
quishing control is called a TILINE master access cycle. Master cycles are initiated by the 9900
control program based on whether the previous data word has been loaded into the data shift
register and whether the word count has been decremented to zero.

The one-word buffer provided by register 0 of the register file adapts the TILINE data transfer tim-
ing to the disk interface timing. TILINE operations are asynchronous and timing is heavily depen-
dent on bus priorities and current bus activity levels. Disk interface timing is based on a crystal-
controlled reference for write operations.

Due to the relatively slow data transfer rate of the diskette, which demands one word transfer
every 32 microseconds, only one word of buffer storage is provided.
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Each data word is read from the register file and transferred over the microprocessor data bus to
the data shift register which performs a parallel-to-serial conversion. The serial output is applied
to both the CRC logic and the write data encoding logic. At the end of each data sector, the 16-bit
CRC character is encoded and transmitted instead of data.

Under control of the bit and word controller, the write data encoding logic encodes the data and
write clock into a format suitable for FM or MFM recording on the diskette.

2.4.3 Data Flow for Disk Read Operations
Figure 2-6 shows the simplified data flow for Read Data and Read Data Unformatted operations.

NOTE

During a Read Data operation, the TFDC reads back and verifies
each sector identification header prior to reading the data from that
sector. The data flow for reading the sector ID is omitted from the
figure.

The data recorded on a diskette sector is preceded by a synchronization pattern and a data mark,
sometimes called a data address mark. The synchronization pattern serves to lock the TFDC
phase lock clock to the incoming waveform, and the data mark serves to identify the start of data.

The TFDC bit controller and word controller work together to separate clock from data and to prop-
erly divide the serial waveform into 16-bit data words.

Each data word is transferred from the data shift register to the register file. A TILINE master ac-
cess cycle is initiated to transfer the word to 990 main memory.

A CRC calculation is performed on the incoming data and is compared with the CRC character
recorded at write time. if they compare, the data is valid. A CRC error indicates that a problem has
occurred somewhere in the writing, storing, or reading of a sector of data.

2.5 TILINE OPERATION

The TILINE high-speed data bus architecture is used to incorporate the TFDC directly into the ad-
dressable memory space of the Model 990 host computer. The TILINE is an asynchronous, high-
speed, 16-bit data transfer bus with the associated control lines which transfer data between high-
speed elements of the system. These elements mclude the CPU, the memory, the disk files and
the magnetic tape transports.

Data is transferred along the TILINE data bus as 16-bit parallel words accompanied by 20-bit word
addresses. The TILINE is capable of transferring approximately 50 million bits per second.

2.5.1 Master-Slave Concept

Two classes of devices connect to the TILINE: TILINE master devices that initiate data transfers,
and TILINE slave devices that generate or accept data in response to some master device. Data
transfers in either direction always occur between one master and one slave. The 990 CPU is an
example of a master device and a memory module is an example of a slave device.
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A master device initiates data transfers on the bus, which may consist of reading data words from
a slave device or writing data words to a slave. Master devices must compete with each other for
access to the TILINE. A positional priority scheme is used to resolve conflicts between masters. A
scheduling scheme allows a master to reserve the next TILINE access during the current opera-
tion. This overlapping reduces the overhead time to transfer bus control between masters. When a
master gets access to the bus, it must place a 20-bit address on the TILINE and exchange hand-
shaking controi signais for each data word transferred to or from a siave device.

Each slave device recognizes a specific range of addresses and is activated only when the 20-bit
TILINE address falls within that range. Pencil switches on the logic board of the slave device set
the starting address, called the TILINE base address. The slave device accepts TILINE addresses
that range from the TILINE base address to an upper limit determined by the nature of the slave.
For example, an 8K memory module would respond to addresses from the TILINE base address to
the base address + 1FFF.

The TFDC is both a master and a slave device. It acts as a slave when the computer reads or writes
control words WO-W7. These control words specify the parameters of an operation and initiate the
operation when they are written to the TFDC. They supply disk and previous operation status
when read from the controller. Contro! words WO-W7 are assigned eight consecutive TILINE ad-
dresses, from the switch-selected TILINE base address to TILINE base address + 7.

The controller acts as a master when it performs the disk-to-memory or memory-to-disk data
transfers specified by the control words. Once the controller operation has been initiated, it
operates independently and competes with other masters for bus access each time it has to
transfer a data word to or from memory.

2.5.2 TILINE Peripheral Control Space (TPCS)

The TPCS is a range of TILINE slave addresses reserved for assignment to peripheral device con-
trollers such as the TFDC. The range includes 512 word addresses, extending from FFCOO0 to
FFDFF. These addresses correspond to CPU byte addresses F800 to FBFE.

A CPU byte address in this range may be easily converted to a TILINE address by preceding the
CPU byte address by 1F (e.g., F800 to 1FF800), converting to binary, deleting the LSB, and
reconverting to hexadecimal form.

Each peripheral controller is assigned a block of addresses in the TPCS. These addresses are
used for the control and status words which set up and monitor the peripheral controller opera-
tions. The flexible disk controiler oniy requires eight siave addresses for control and status words
WO0-W7.

2.5.3 TILINE interface Signals
The 48 signals comprising the TILINE interface are shown in Figure 2-7 and defined in Table 2-1.

2.5.4 TILINE Bus Timing-Write Cycle
Figure 2-8 is a timing diagram for a TILINE write cycle. It applies to any TILINE master and slave
device but does not include the operations necessary for the master to achieve access to the bus.
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Figure 2-7. TILINE Interface Signals
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Table 2-1. TILINE Signal Definitions

Signature Pin No. Definition
TLGO- P1-25 TILINE Go: Initiates all data transfers when transition from high (3.0V)
to low (1.0V) occurs. See note 1.
TLREAD P1-11 TILINE Read: When high (3.0V) designates a read from SLAVE
operation; when low (1.0V) designates a write to SLAVE operation.
See note 1.
TLADROO— P2-55 TILINE Address to define the location of data during a fetch or store
01— P244 operation. When high (32.0V) the corresponding address bit is a zero;
02— P2-51 when low (<0.8V) the corresponding address bit is a one. See note 2.
03— P2-53 '
04— P2-57
05— P2-59
06— P247
07— P249
08— P2-17
09— P2-19
10— pP2-10
11— P2-12
12— P2-11
13— P2-15
14— P2-8
15— P29
16— P2-29
17— P2-27
18— P2-25
TLADR19- P2-31
TLDATO00— P2-67 TILINE Data: Bidirectional data lines that when high (2.0V) represent
01— P2-69 zero data bits, and when low (<0.8V) represent one data bit. See note 2.
02— P2-35
03— P2-37
04— P2-61
05— P2-63
06— P243
07— P245
08— P2-21
09— P2-33
10— P2-23
11— P2-20
12— P1-27
13— P1-28
14— P1-30
TLDAT15- P1-31
TLTM— P1-20 TILINE Terminate: When low {1.0V) indicates that the SLAVE device

has completed the requested operation. See note 1.

Note 1: Received by SN75138; driven by 36 milliampere, minimum, open-collector driver.
Note 2: Received by one, maximum, standard SN74- load per card slot; driven-by SN74LS367/8.
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Table 2-1. TILINE Signal Definitions (Continued)

Signature Pin No. Definition
TLMER- P1-55 TILINE Memory Error: When low (<0.8V) indicates that a nonre-
coverable error has occurred during a memory read operation.
See note 2.
TLAG (in) P2-6 TILINE Access Granted: When high (32.0V), this signal indicates that

no higher priority device has requested use of the TILINE. When low
(<0.8V), this signal prevents the receiving device from gaining access to
the TILINE bus.

TLAG (out) P2-5 TILINE Access Granted: When high (32.0V), this signal indicates that
neither the sending device nor any higher priority device is requesting
use of the TILINE. When low (<0.8V), this signal indicates that either
the sending device or some higher priority device is requesting use of
the TILINE bus and prevents all lower priority devices from gaining
access to the bus.

TLAK- P1-71 TILINE Acknowledge: When high (3.0V), this signal indicates that no
TILINE device has been recognized as the next device to use the
TILINE. When low (1.0V), this signal indicates that some TILINE
device has requested access, has been recognized, and is waiting for
the bus to become available. See note 1.

TLAV P1-58 TILINE Available: When high (3.0V), this signal indicates that no
TILINE device is using the bus. When low (1.0V), this signal indicates
that the TILINE bus is busy. See note 1.

TLWAIT- P1-63 TILINE Wait: A normally high (3.0V) signal that when low (1.0V),
temporarily suspends all TILINE MASTER devices from using the
TILINE bus. This signal is generated by bus couplers to allow them
to use the bus as the highest priority user. See note 1.

TLIORES— Pl-14 TILINE I/O Reset. A normaliy high (3>2.0V) signal that when low
P2-14 (>0.8V), halts and resets all TILINE /O devices. This signal is a 100
to 500 nanosecond pulse generated by the RESET switch on the con-
trol console or by the execution of a Reset (RSET) instruction in the
AU. Driven by SN7437; Received by 2 (maximum standard SN74-
loads per slot).

TLPRES— P1-13 TILINE Power Reset: A normally high (>2.0V) signal that goes low
P2-13 (=0.8V) to reset all TILINE devices and inhibit critical lines to exter-
nal equipment. The signal is generated by the power supply at least
10 microseconds before dc voltages begin to fail during power-down,
and until dc voltages are stable during power-up. Driven by 80-
milliampere open-collector driver (160 milliamperes with 40-ampere
power supply).
TLPFWP— P1-16 TILINE Power Failure Warning Pulse: A 7.0 millisecond pulse preceding
P2-16 TLPRES—(2.0 millisecond in 17-slot chassis). When low (<0.8V), this
signal indicates that a power-down sequence is in progress, allowing
the AU to perform its power failure interrupt subroutine. Driven by
SN7437; received by two, maximum, standard SN74- loads per card slot.

Note 1: Received by SN75138; driven by 36 milliampere, minimum, open-collector driver.
Note 2: Received by one, maximum, standard SN74- load per card slot; driven by SN74LS367/8.
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Table 2-1. TILINE Signal Definitions (Continued)

Signature Pin No. Definition

TLHOLD—- P2-26 TILINE Hold Signal: A normally high (3.0V) signal that goes low
(1.0V) to assert that a centrai processor is executing an ABS instruction.
TILINE Hold prevents interference from another processor on the
TILINE while the first processor is performing the ABS instruction.
This signal is used and propagated by TILINE COUPLERS in multi-
processor systems. See note 1.

Note 1: Received by SN75138; driven by 36 milliampere, minimum, open-collector driver.
Note 2: Received by one, maximum, standard SN74- load per card slot; driven by SN741S367/8.

The master piaces the 20-bit siave address and the data word on the iines and sets TLREAD iow to
specify a write operation. The master then asserts TLGO- to initiate the operation and holds
TLGO- low for the duration of the write cycle.

All slave devices on the TIiLINE receive TLGO- transmitted by the master. Each slave device must
decode the address to determine if it is being addressed. The slave generates a delayed go signal
(using a timer circuit) and uses that signal to strobe for a valid address decode. It is the respon-
sibility of the slave device to delay go for a time sufficient to accommodate the worst case ad-
dress decode time and the 20 nanosecond worst case TILINE skew.

When the slave device has delayed go and decoded the address as valid, it performs the write
cycle and then asserts TLTM-. At the time the slave device asserts TLTM-, it must be finished
with the TLDAT-, TLADR, and TLREAD signals from the TILINE. The action just described occurs
during time one. This time is defined as the slave access time and should be less than 1.5
microseconds for all TILINE slaves except the TILINE coupler. When the TILINE master receives
the asserted TLTM-, it must release TLGO-, TLREAD, TLADR-, and TLDAT- within 120
nanoseconds. This occurs during time two on the timing diagram.

At this time, the master device may relinquish the TILINE to another master device. When the
slave receives the release of TLGO-, it must release TLTM- within 120 nanoseconds as shown in
time three. When the master device receives the release of TLTM-, it may begin a new cycle if it
has not relinquished the TILINE to another master device. This is shown as time four. Most TILINE
masters, including the TFDC, perform only one read or write cycle per bus access.

2.5.5 TILINE Bus Timing-Read Cycle
Figure 2-9 is a timing diagram for a TILINE read cycle. It applies to any TILINE master and slave
device but does not include the operations necessary for the master to gain access to the bus.
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Figure 2-8. TILINE Master-to-Slave Write Cycle Timing Diagram

The master asserts TLGO- and at the same time generates a valid address (TLADR-) and TLREAD
signal. All slave devices on the TILINE receive the TLGO- transmitted by the master. The slave
devices delay the go signal and decode the address as is done for a write cycle. As in the write
cycle, it is the responsibility of the slave device to delay TLGO for a time sufficient to accom-
modate the worst case TILINE skew (defined as 20 nanoseconds maximum) and worst case ad-
dress decode time. When this has been done and the address is decoded as valid, the slave device
begins to generate read data. In the case of a memory module, this means starting a read cycle.
When read data is valid, the slave device asserts TLTM- and at this time must have finished using
TILINE signals TLADR- and TLREAD. If a read error is detected during a read cycle, the read error
(TLMER-) signal is asserted by the slave. This signal must have the same timing as read data. This
action occurs during time one.
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When the master receives the asserted TLTM-, it must release TLGO- and TLADR- within 120
nanoseconds as shown in time 2. At this time, the master may release the TILINE to another
master device. When the slave receives the release of TLGO-, it must release TLTM- within 120
nanoseconds as shown in time 3. The data from the slave is no longer enabled onto the data bus
after time 3. When the master device receives the release of TLTM- and if it has not released the
TILINE (time 4), it may begin a new cycle as shown by the dotted lines.

2.5.6 Organization of TFDC TILINE Interface Logic
The TILINE interface logic is organized into three functional blocks:

e  TILINE interface control
¢ TILINE master access logic
*  TILINE slave logic

The TILINE interface control logic controls the sequence of operations necessary to perform the
following:

e TILINE slave read cycle

e  TILINE slave write cycle

e  TILINE master read cycle

*  TILINE master write cycle

. Microprocessor read from register file
. Microprocessor write to register file

The TILINE interface controller consists of a ROM-based state generator and output decoding
logic. The state generator advances from state to state depending on the current state and
control/status input signals. The decoded outputs are also determined by the current state and the
input signals. This type of circuitry is ideally suited to the control of operations which follow well-
defined sequences, such as the TILINE input/output operations. The TILINE interface controller
relieves the 9900 microprocessor of these repetitive tasks, allowing the microprocessor to work in
parallel with TILINE operations.

The TILINE interface controller accepts decoded control signals from the microprocessor address
bus to specify the operation. The combination of the present state with inputs from the TILINE
master access and slave logic determine interface controller outputs. These outputs control bus
access, multiplexer steering, register input ciocking, and provide sequence control to the TILINE
master access and slave logic.

The TILINE interface controller is described in greater detail in paragraph 2.5.9.
The TILINE master access logic, together with the TILINE interface controller, performs the ac-

tions necessary to gain access to the TILINE, transfer the data word, and release control of the
bus. This sequence of operations is called a TILINE master cycle.
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The TILINE slave logic, together with the TILINE interface controller, performs the operations
necessary to decode and recognize a TILINE address within the 8-word slave address space of the
TFDC and to respond by accepting a data word (slave write) or by supplying a data word (slave
read). Slave words are stored in the upper eight positions of the 16-word register file.

2.5.7 TILINE Master Operation of the TFDC

The TFDC acts as a TILINE master when transferring data from disk to 990 memory or from 990
memory to disk. The TILINE I/F control logic on the TFDC performs a single TILINE master cycle
for each word transferred on the bus. The master cycle consists of the actions necessary to ac-
quire access to the bus, transfer the data word, and release control of the bus.

A TILINE master read or write cycle is initiated by the TFDC microprogram as the result of a need
to transfer a data word between the TFDC and 990 main memory. The word count and TILINE start-
ing address are parameters which are supplied in the control words that initiated the TFDC opera-
tion. These parameters are stored in the register file.

if the controller were commanded to perform a Read Data operation with a word count of 50, it
would have to read 50 words from the disk and achieve access to the TILINE 50 times. Prior to the
first TILINE master cycle, the TFDC microprogram must load the 20-bit TILINE starting address
into the TILINE address register/counter. This transfer is performed in two steps, due to the 16-bit
limit of the microprocesssor data bus. The TILINE interface controller performs the housekeeping
chore of updating the TILINE address after each transfer, and the TFDC microprogram counts
down the word count. The process continues untii the word count reaches zero, indicating that all
words have been transferred.

TLAGIN (from a higher priority master) enters each master on P2, pin 6 and TLAGOUT leaves the
master on P2, pin 5. Logic on the master allows it to biock the output to lower priority masters.
Jumpers or jumper switches on the backpanei ensure line continuity across slots not occupied by
TILINE masters.

The master access logic of any TILINE master is based on a standard four-state access sequence.
These states include: Idle, Device Access Request, Device Acknowledge, and Device Access, as
shown in the master access flowchart, Figure 2-11.

2.5.7.1 Master Device TILINE Acquisition. Access to the TILINE is competitive between the
TILINE masters on the bus; there is no centralized bus control logic. Conflicts between competing
masters are settled by a positional priority system and a bus reservation scheme. The master
device in the highest numbered chassis slot has the highest priority. Priority ranking decreases
with each chassis slot toward the 990 central processor, which has the lowest priority. The TLAG
signal that runs through each TILINE master establishes the priority as shown in Figure 2-10.

If the TILINE master has no data to transfer, the master access logic remains in the ldle state, and

TLAG is passed on to lower priority masters. The Idle state is the rest state of the master access
logic when it is not attempting to gain access to the bus and transfer a word.
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When the master requires access to the bus, it goes into the Device Access Request state and
blocks TLAGOUT to the lower priority masters. While in the Device Access Request state, the con-
troller monitors TLAGIN. If TLAGIN is high, the controller can monitor TLAK- after a
200-nanosecond delay. A high TLAK- signal indicates that no other controller is in the Device
Acknowledge state. This signal allows the controller to go into the Device Acknowledge state. The
Device Acknowledge state is a confirmed reservation for the next available bus access. The
overlap of the current operation with reservations for the next operation reduces bus dead time
and increases throughput.

In the Device Acknowledge state, the master access logic pulls TILINE acknowledge low to pre-
vent any other controller from going into the Device Acknowledge state. It continues to disable
TLAGOUT and monitors TILINE available. When TLAV goes high, the access logic advances to the
Device Access state and initiates the read or write cycle. TLAGOUT is enabled so the next con-
troller can prepare for access. At the end of the read or write cycle, the access logic clears the
Device Access state, sending TILINE available to the other controllers. It then returns to the Idle
state.

2.5.7.2 Detailed Operation of TILINE Master Access Logic. This discussion of how the TILINE ac-
cess control logic functions is based on Figure 2-12 and logic drawing (2261692 or 2267297) sheet
13.

The device access request clock (DARCLK-) from the TILINE interface controller is the first event
of a TILINE master cycle. DARCLK-, which is synchronized to the microprocessor clock (CLK3-),
sets the master device active F/F. If the master access logic is not in the Device Access state and
master device complete is inactive (MDAC-, MDCMP- high), the logic enters the Device Access
Request state. MDAR is inverted and combined with TILINE access granted in (TLAGIN) to disable
TLAGOUT to lower priority masters. MDAC- and MDAR, which are both high, are combined with
TLAGIN at the input to another AND gate to monitor for TLAGIN to go high.

if a higher priority master is biocking the TILINE access granted signal, there will be a wait until
TLAGIN goes high. When TLAGIN goes high, the master device access request OK signal
(MDAROK) is set high. MDAROK is delayed 200 nanoseconds to produce active-low MDARDLY -.
MDARDLY- is applied to the input of an OR gate with TLAK to monitor for TILINE acknowledge
(TLAK) to go low. TLAK is the output of an inverting line receiver which monitors the TLAK- signal.
When TLAK goes low, it indicates that no other controller is in the Device Acknowledge state and
allows the TFDC controller to proceed into that state.

When TLAK goes low, MDAKSET- goes low to set the device acknowledge latch. This zero-setting
latch was held clear until the master access logic reached the Device Access Request state.
MDAK is sent to the TLAK- receiver/driver to pull TLAK- low and inform other controllers that the
Device Acknowledge state is occupied. This corresponds to a reservation for the next available
bus access cycle. MDAK- is applied to the input of a NAND gate with TLAV- to monitor for the
TILINE to become available.

The controller monitors TLAV- until the TILINE becomes available. When the TILINE becomes
available, TLAV- goes low, and when combined with MDAK-, sets MDACSET- low. MDACSET-
low sets the device access F/F and advances the controlier to the Device Access state. This is the
state in which the controller achieves access to the bus.
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MDAC from the Q output of the device access FIF is applied to the TLAV driver, forcing TLAV low
to indicate that the TILINE is not available (busy). MDAC- from the Q- output of the device access
FIF is used to perform a number of tasks. It is used to disable MDAR, gating TLAGOUT to lower
priority masters so they may prepare for access. MDAR low also clears the device acknowledge
latch, so other masters may enter the Device Acknowledge state.

MDAC- also releases the MDAROK input to the device access time delay. MDAC- is combined in
an OR gate with TLWAIT. TLWAIT allows operations to be suspended without a timeout error on
request by a TILINE coupler. The TLWAIT- signal from the coupler is inverted in the line receiver,
causing TLWAIT to go high and holding MDACOK high until the coupler has released TLWAIT-. In
the more usual case, TLWAIT is inactive (high) and setting the master device access F/F resuits in
an immediate master device access OK (MDACOK).

MDACOK is inverted and is used to strobe the line drivers for TLREAD and TLGO- and to enable
the outputs of the TILINE address register/counter (TLAD0O-19) onto the external TILINE address
bus (TLADR00-19)-. Note that while the address and read/write control signal are supplied to the
bus, TILINE go (TLGO) is still inactive, so no slaves are activated.

The MDGOA gate is a compound gate made up of an AND gate cross-coupled to an OR gate.
Despite the resemblance, the MDGOA gate is not a latch. The inputs to the MDGOA gate are
MDGOENA and MDACOK.

MDGOENA is set to iogic 1 by the combination of TLTM and TLGO low. TLTM is high until the
slave device involved in the previous operation releases TLTM- to indicate the termination of the
operation. TLGO is at logic 1 until the master device involved in the previous operation releases
TLGO-, allowing TLGO to go low. This is how the controller is forced to wait for the previous cycle
to complete before setting MDGOENA high to enable a new cycle.

With MDGOENA high, MDACOK enables the output of the MDGOA gate, master device go.
MDGOA is used for a number of purposes. After a delay of approximately 60 nanoseconds to allow
the TILINE addresses and TILINE read/write signal to stabilize, MDGO enables the TILINE go
(TLGO-) signal. This is a command for all slaves to decode the address and (for the selected slave)
to perform the read or write operation. The slave must respond with a TILINE terminate signal
within approximately 10 microseconds, or the master access logic will terminate the operation
with a TILINE timeout error. Nominal response time is 1.5 microseconds.

For a write operation (TLSYQ high), TLSYQB- gates the register file output onto the register file
bus (RFBUS00-15) and MDGOA is ANDed with TLSYQ to enabie the register file bus to the TILINE.
Register file address 0 is used for TILINE master write cycles.

MDGOA is combined with TLTM at the input to an AND gate to monitor for termination of the cur-
rent operation. Assuming a normal operation, the slave pulls TLTM- low to indicate that the opera-
tion is complete. TLTM then goes high. After a 60- to 70-nanosecond delay, TLTM, in combination
with MDGOA, sets the master device terminate (MDTM) signal high. Master device terminate is in-
verted and ANDed with controller general reset (RST-) and master device timeout (MDTO-). For
normal termination, MDTM- enables the active low master device complete (MDCMP-) output.
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Master device complete (MDCMP-) completes the TILINE master cycle and clears the TILINE
master access logic in preparation for the next master cycle. MDCMP- is responsible for the
following operations:

1. It holds the device access request gate disabled (MDAR low) during termination of a
master cycle while MDAC is reset for the next master cycle.

2. It clears the master device active F/F, preparing it for the next device access request.
The CLK LED indicator lights. MDACT low holds the device access request gate in the
disabled state after MDCMP- returns high.

3. ltclears the device access F/F, causing MDAC to go low and allow TLAV to indicate that
the TILINE is now available. TLMER is also clocked at this time, as described in the next
paragraph. Clearing the device access F/F also sets MDAC- high, which disables
MDACOK-, causing it to clear the MDGOA gate and release TLGO- and TLREAD. Dis-
abling MDACOK- removes the enable from the TILINE address drivers and clearing the
MDGOA gate disables the TILINE data drivers (master write only). Clearing the MDGOA
gate also prevents expiration of the TILINE timeout delay.

4. The slave responds to the loss of TILINE go (TLGO) by releasing TILINE terminate
(TLTM- returns high). The inverted output (TLTM) of the line receiver forces MDTMA-
high and, after the master terminate delay, forces master device terminate (MDTM) low.

5. As MDCMP- returns to logic 1, the positive edge of the pulse clears the MASTACTD F/IF
and on the next CLK3-, the master active (MASTACT) F/F clears. MASTACT is a se-
quence control input to the TILINE interface controller.

Assume now that the slave device does not issue a TILINE terminate before the TILINE timeout
timer expires. Master device timeout (MDTO-) goes low 10 microseconds after master device go
(MDGOA). MDTO- issues a master device complete (MDCMP-), which clears the master logic just
like a normal termination. However, MDTO- also sets the TILINE timeout F/F. The Q- output of the
FIF is an interrupt input to the 9901 PIA, informing the 9900 microprogram of the error. The 9900
must clear the error via the CRU bus (TLERRCLR-) before attempting another master cycle. The
most common cause of TILINE timeout errors is attempting to read or write to a nonexistent
TILINE address.

If the operation is a TILINE master read operation, the slave memory may detect a nonrecoverable
error in the data. In this case, the slave generates a TILINE memory error (TLMER-) signal before
issuing TILINE terminate. The TLMER output of the line receiver sets the TILINE memory error F/F
when the TLTM signal goes high. The TLMER F/F is clocked at the same time as MDCMP- clears
MDAC. The Q- output of the F/F serves as an interrupt input to the 9901 PIA, informing the 9900
microprogram of the error. As in the case of a timeout error, the 9900 must clear the error
(TLERRCLR) via the CRU bus.

2.5.8 TILINE Slave Logic

The TFDC acts as a TILINE slave when the 990 computer loads a control word (W0-W?7) into the
register file or reads register file contents. Slave read and write operations are processed by inter-
rupt routines in the 980 microprogram. The microprogram must be cycling in the idle loop to pro-
cess a slave read or write to the register file. W7, bit 0 is the only bit that may be read when the
controller is busy, as described in paragraph 2.5.8.2.
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2.5.8.1 TILINE Slave Read with Idle Controller. The TILINE slave logic is shown in Figure 2-13 and
on sheet 12 of the logic diagrams. For this description, assume that the controller is idle and the
990 computer requests the contents of control/status word W0. The 990 computer, acting as a
TILINE master, requests the word by sending a 20-bit TILINE address, a TILINE read signal, and,
after a short delay for address stabilization, the TILINE go strobe.

The TILINE siave address comparator checks 17 bits of the incoming address (TLADRGO- through
TLADR16-) against the TILINE base address of the TFDC. This address, which is partially hard-
wired and partially switch-selected, determines if the TILINE slave operation is directed to the
TFDC. TLADR17- through TLADR19- are not involved in the base address comparison, as shown
in Figure 2-14. Figure 2-15 shows the switch settings for selecting the TILINE base address. The
address comparator monitors the TILINE address lines at all times, but no actions are initiated un-
til the TILINE master sends the TILINE go (TLGO- low) signal. Figure 2-16 shows the timing of
events in this cycle, from TLGO- to termination.

The inverted output of the TILINE go line receiver clocks the slave idle F/F, removes the constant
clear from the slave active F/F, and removes the constant preset from the slave write F/F. If the
TFDC is idle (IDLE output of the idle status register set), TLGO sets the slave idle F/F. TLGO is
delayed approximately 100 nanoseconds to assure that the address lines and the slave address
comparator output have stabilized. The delayed output is called slave go delay (SLGODLY).

If the address comparison is good (SLADROK high) at the end of the delay, the slave active F/F
sets. The slave go delay also clocks the slave write F/F to follow the slave write (SLWRT) signal
from the TLREAD line receiver. Note the sense of the outputs of the slave write F/F. The Q output
is SLRD-, and the Q- output is SLRD (slave read). The SLRD output of the slave write F/F goes to
the TILINE interface control logic, where it is synchronized to microprocessor clock (CLK3-) and
sent to one input of the state generator input multiplexer as SLRDQ. SLRD is active for a slave
read cycle.

The SLAVEACT and SLVIDLE signals from the slave active and slave idle flip-flops are ANDed to
supply SLAVESTART to the slave cycle F/F. SLAVESTART sets the slave cycle F/F on the next
CLK3- pulse. The SLAVE output is sent to two different inputs of the state generator input
multiplexer in the TILINE I/F control logic. SLAVE initiates the state generator operations
associated with a TILINE slave operation (state 18), and SLRDQ selects read or write operations
(state 19 or 1A, respectively) on the next CLK3- cycle.

The SLAVE and SLRD signals are ANDed within the slave logic to produce slave read data
(SLRDDAT), which is combined with SLAVEACT to produce the active-low slave data enable
(SLAVEDATEN-) signal. SLAVEDATEN- low (or MDDATEN- low) forces TILINE data enable
(TLDATEN-) low to gate the register file bus output to the TILINE data line drivers. The data is not
stable at this point in time, but it does not have to be stable until just before the slave terminate is
issued.

The TILINE I/F controller is responsible for the multiplexer steering, register file operation control,
and bus gating necessary to read the selected control word (WO for this example) from the register
file and place it on the register file bus. Register file bus gating to the TILINE drivers is controlled
by TLDATEN- from the slave logic.
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Figure 2-14. TILINE Slave Address Comparison

The RFMASTAD (register file master address) and RFTLAD (register file TILINE address) signais
from the TILINE interface control logic control the register file address multiplexer. RFMASTAD
low enables the multiplexer to select an address other than 0000. RFTLAD high steers the
multiplexer to select the active-high form (SLADR17 through SLADR19) of the least significant
TILINE address bits. A hardwired 1 in the MSB position biases the actual register file address by
eight. The next microprocessor clock pulse stores the multiplexer outputs in the register file ad-
dress register. The four register file address bits (RFADO-RFAD3) are routed to the register file,
and RFAD1-RFADS are routed to the decoder ROM in the TILINE l/F control logic.

The TILINE interface control logic enables the register file outputs onto the register file bus with
TLSYQB- one clock time after selecting the register file address.

The interface control logic maintains the contents of the slave word on the TILINE drivers and
issues a slave terminate command (SLVTMQ-) in state 19. SLVTMQ-, when low, enables slave end
(SLEND), which is ANDed with SLAVEACT to produce slave terminate (SLAVETERM) to the TILINE
terminate line driver. Note that a TILINE terminate, when issued by a slave being read, indicates
that the data is available and stable on the TILINE data lines.

The SLVTMQ- signal also holds the slave go delay (SLGODLY) stable to delay the next slave cycle
until the current slave cycle is completed.

The 990 computer, after accepting the data word, releases TILINE go, which clears the slave active
F/F and the (previously clear) slave write F/F. Clearing the slave active F/F disables the TILINE
data drivers via high SLAVEDATEN- and TLDATEN- signals. This action also clears the slave
cycle FIF on the next CLK3- puise.

With the SLAVE signal now low, the TILINE I/F state generator returns to state 00 and removes the
TILINE terminate command. This completes the slave read cycle.

2.5.8.2 TILINE Slave Read with Busy Controller. Before issuing a set of command words to the
TFDC, the 290 computer must check TFDC idle/busy status by reading and testing W7, bit 0. If W7,
bit 0 is a one, the controller is idle, and is ready to accept control words. If W7, bit 0 is a zero, the
controller is busy and cannot accept TILINE slave words.
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The slave idle F/F and associated logic allow the disk controller to respond with a simulated W7
word if the controller is busy. This simulated W7 word has a zero at bit 0 to identify busy status,
and bits 1-15 are meaningless. No register file operations are performed, and the on-going con-
troller operation is not disrupted.
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NOTE

No matter which slave word is requested, a busy controller always
responds with a simulated W7 word in which bits 1-15 are don’t
cares. It is, therefore, the programmer’s responsibility to read W7
and to test bit 0 before attemping to read W0-W6 or to interpret W7,
bits 1-15. it is aiso the programmer’s responsibiiity to read and
check W7, bit 0 before attemping to write control words to the
TFDC. The device service routines (DSRs) supplied with DX10, DX5,
and other TFDC-compatible operating systems incorporate these
requirements in a manner transparent to the user program.

Assume that the 990 computer attempts to read W7 while the controller is busy. The idle F/F in the
idle status register and the slave idle F/F are both reset (SLVIDLE = IDLE = 0). The 990 computer
places the 20-bit TILINE slave address and the TILINE read signal on the lines, followed by TILINE
go. The upper 17 bits of the TILINE address are decoded to produce SLADROK. The three least
significant bits are routed to the input of the register file input multiplexer. These three bits are
not decoded if the TFDC is busy.

After the slave go delay expires, the slave active F/F sets and the slave write F/F remains reset.
SLAVEACT- (reset output of the slave active F/F) initiates the slave active delay. When that delay
expires, SLBUSYEND- low and SLAVEACT high enable a TILINE terminate (TLTM-) output to the
990 computer. TLTM- signals completion of the slave cycle, and indicates that the 990 computer
should accept the data word on the TILINE data lines. Development of that data word is described
in the following paragraphs

The SLVIDLE signal holds SLAVESTART iow, so the SLAVE F/F remains reset. With SLAVE iow,
the normal (controller idle) slave cycle is not initiated. SLAVE low holds SLRDDAT low, thus
holding the TILINE data enable (TLDATEN-) inactive (high). The SN74LS242 TILINE data drivers re-
main in the high-impedance state.

The low SLVIDLE signal and the low SLRD- signal combine to produce slave busy read
(SLBUSYREAD). The slave busy read and slave active signals combine to develop the active-low
busy status enable (BUSYSTATEN-) signal. BUSYSTATEN- enables a slave busy data line driver,
which feeds the TLDATO00- data output line. The input to this noninverting driver, SLBUSYDAT- is
held high, as MDSLTST is low except during self-tests of the master and slave logic. The high out-
put on TLDATO00- corresponds to a zero idle/busy data bit in W7. '

2.5.8.3 TILINE Slave Write. The TFDC control words are loaded into the register file by slave
write operations, one slave write cycle for each word transfer. Operation of the TILINE slave logic
is similar to slave read operations except for the state of the slave write F/F and the direction of
TILINE data flow. The TILINE interface controller goes through a different set of states for the
slave write operation.

Assume that the TFDC is idle and that the 990 computer sends a control word W1 over the TILINE.
The slave address comparator checks the 17 most significant TILINE address bits against the
board address. The TILINE go (TLGO-) signal from the 990 computer removes the constant clear
from the slave active F/F and the constant preset from the slave write F/F. The 100-nanosecond
slave go delay assures that the address comparator output is stable before clocking the slave ac-
tive, slave idle, and slave write flip-flops.
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Assuming that the address compares and that the TFDC is currently idle (IDLE from idle status
register high), the slave active, slave write, and slave idle flip-flops set when SLGODLY goes high.
Note that the Q output of the slave write F/F is SLRD-, and the Q- output is SLRD. SLRD low holds
the TILINE data drivers disabled. SLRD also goes to the TILINE interface control logic where it is
synchronized to the microprocessor clock (as SLRDQ) to serve as one input to the state generator
input multiplexer.

SLAVEACT and SLVIDLE are ANDed to provide SLAVESTART to the input of the slave cycle F/F.
The output, SLAVE, is synchronized to microprocessor clock and serves as a second input to
the state generator input multiplexer. SLAVE initiates the state generator operations associated
with slave cycles (state 18) and, on the next CLK3- pulse, SLRDQ selects slave write operations
(state 1A).

The TILINE I/F control logic is responsible for the multiplexer steering, register file operation con-
trol, and bus gating necessary to accept the TILINE data word and store it in the register file. The
IIF control logic also initiates the slave terminate after the word is stored.

The RFMASTAD (register file master address) and RFTLAD (register file TILINE address) outputs
from the TILINE I/F control logic select and steer the register file address multiplexer. RFMASTAD
low enables the multiplexer outputs and RFTLAD steers the multiplexer to select the active high
form (SLADR17 through SLADR19) of the TILINE LSB address bits. A hardwired 1 at the multi-
plexer input biases the actual register file address by eight. The next CLK3- pulse stores the
multiplexer outputs in the register file address register. The four register file address bits
(RFADO-RFADQ) are routed to the register file, and RFAD1-RFADS3 are routed to the decoder ROM
in the TILINE I/F control logic.

Outputs TLSXD and TLSYD from the TILINE I/F decoding ROM are both low in state 1A. These out-
puts are latched and synchronized to CLK3- and then inverted as TLSXQB- and TLSYQB-. These
two high signals are ANDed to produce TLTLDATEN, which gate the TILINE line receiver outputs
onto the register file bus.

The active-low register file write signals (RFWRTA- and RFWRTB-) are latched at the end of state
1A. They serve as strobes to the register file clock multiplexers to gate CLK3- to the register files
as RFCLKA- and RFCLKB-. RFCLKA- and RFCLKB- are write control signals that write the con-
trol word into the selected register file location. This is address 1001 for control word W1.
RFCLKA- is disabled whenever a slave write to control word WO is performed. Suppressing
RFCLKA- prevents the 990 CPU from writing over disk status bits 0-11 of WO0.

The I/F controller advances to the next state (1B) and issues a slave terminate ( SLVTMQ-) signal
at the end of the state. SLVTMQ- holds the slave go delay stable to prevent premature reclocking
of the slave active and slave write flip-flops on the next slave cycle. SLVTMQ- is inverted to pro-
duce slave end (SLEND), which is ANDed with SLAVEACT to enable SLAVETERM. SLAVETERM
sends TILINE terminate to the 990 computer.

The TILINE terminate for a write operation is a signal to the master that the slave (TFDC) has ac-

cepted the data word. The 990 computer releases the TILINE go and, after a short delay, releases
the data and address lines.
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When the active-low TLGO- returns high, TLGO goes low, clearing the slave active F/F.
SLAVEACT low removes the TILINE terminate from the TILINE. On the next CLK3- pulse, the slave
cycle FIF output, SLAVE, goes low to inform the TILINE I/F control logic that the slave cycle is
complete. The I/F controller returns to state 00, the rest state.

2.5.9 TILINE Interface Control Logic
The TIiLINE interface controller controls bus gating, register file read/write operations, TILINE
master and slave cycles, and data entry into the attention mask and idle status registers.

2.5.9.1 Introduction to ROM-based State Controllers. A state controtler accepts input signals and
produces decoded outputs based on both the current inputs and an internal state. The internal
state is determined by the allowable state changes built into the controller and the past history of
the input signals. State controllers may be built up from flip-flops and logic gates. The condition
(set or reset) of all the flip-flops is the state of the controller. The flip-flops record the present
state. The combinational logic gates produce output signals that are determined by the flip-flop
outputs in combination with the input signals. Combinational logic also determines which flip-
flops will set on the next clock pulse, based on the input signals and which flip-flops are cuirently
set (current state).

For a sequence with many inputs, outputs, and internal states, a state controller based on flip-
flops and gates becomes very complex. However, a state controller based on two read-only
memories and a register can control very complicated sequences with very simple hardware.
Refer to part A of Figure 2-17, which is a block diagram of the simplest form of a ROM-based state
controller. The current state, which is latched in the register, and the input signals determine the
ROM address. Burned into the ROM at that address is a word which contains the next state and en-
coded control bits.

The next clock pulse loads the word into the register, and the address inputs to the ROM change.
The input variables are also synchronized to the clock so that the entire ROM address is stable.
After the access time of the ROM, the next word is available at the ROM outputs.

A ROM decoder uses the current state and the encoded control bits to generate the control out-
puts. The ROM decoder performs in one device decoding functions which would otherwise re-
quire a large array of interconnected logic gates.

Part B of the figure shows two additions to the basic ROM state controller. A clocked register is
added so that the control outputs are synchronized to the system clock. Adding a synchronization
register delays the control signal outputs by one clock period minus the ROM access time, but
assures stability of the outputs. Variations in ROM access time will not cause any problem, as
long as the access time is shorter than the clock period.

Part B shows the spare address inputs of the ROM decoder used to decode additional input
signals. These inputs do not affect the state controller sequence of states. The additional inputs
provide more versatility in the output decoding, but do not waste state ROM address inputs with
signals that have no effect on the state sequence.
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Part C shows control outputs directly from the state control ROM. For this circuit, some of the
decoding functions have been moved from the ROM decoder to the state control ROM. This type
of scheme makes less efficient use of the available bit positions in the state control ROM, but it
allows use of a smaller decode ROM. The control outputs must be synchronized with the system
clock, either in the synchronization register or at the point of use. The control outputs from the
state control ROM (after synchronization) are available a full clock period before the control out-
puts from the ROM decoder.

There must be a way to force the state controller to an initial state when power is first applied or
when a logic reset occurs. Part C shows a reset input to the current state register that forces the
controller to the 0000 state. The controller sequences end with a return to this rest state. The state
controller program may also include error returns to the rest state for illegal combinations of input
signals and current state.

Part D shows the type of state controller connection used in the TILINE I/F control logic. This con-
nection uses a multiplexer at the input to the state control ROM. The multiplexer allows more con-
trolier input variables without requiring more ROM address input pins. The current state register
supplies the muitiplexer steering signals. The current state determines which of the input
variables are seiected. The input variables that are “don’'t cares” for this state are not gated
through the multiplexer. Note also that it is the next state outputs (rather than current state) that
are sent to the ROM decoder inputs. This eliminates one stage of delay. No timing problems are in-
troduced because all inputs and outputs are synchronized to clock timing.

2.5.9.2 TILINE VF Controller Logic. Figure 2-18 is a block diagram of the TILINE I/F controiler
logic. The input and output signals are described in Table 2-2. Gate designators in parentheses
refer to the 2267295 fineline TFDC board.

All of the input variables are stored in flip-flops clocked by MPU clock, CLK3-, so they are stable
and synchronized to CLK3-. Figure 2-19 is a simplified timing diagram that shows relative timing
between groups of signals. Use the block diagram to follow this description and the timing
diagram to clarify the timing relationships. Detailed logic of the TILINE I/F controller is shown in
Figure 2-20 and on sheets 6 and 7 of the logic drawing.

The inputs to the state control ROM are the current state (TLIFCNTR0-4), and input variables
MPTLIF, TLIFVARO, and TLIFVAR1. TLIFVARO and TLIFVAR1 (TILINE interface variables 0 and 1)
are multiplexed input variables, with selection controlled by the two most significant bits of the
current state. The current state selects a block of eight word addresses in the ROM, and the three
input variables select a specific word from the group of eight words.

After the ROM access time delay (approximately 50 nanoseconds), the selected word appears at
the ROM output. Five bits of the output word (TLIFDQ-4) represent the next state of the controlier.
The other three output bits are control signals to the register file and the TILINE slave logic. Note
that the only immediate action due to any of these outputs is a change in address at the input to
the TILINE and register file read/write control ROM. The outputs of this second ROM stabilize after
an additional access time delay. The sum of these two ROM delays (approximately 100
nanoseconds) is less than one microprocessor clock period (333.3 nanoseconds).
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Table 2-2. TILINE I/F Controller Input/Qutput Signals

Signature Sheet Gate* Description
Inputs:
MASTACT 6 UD114-12 Master active. Set when I/F Controller goes to idle
(UBB129) (state 0). Cleared at completion of TILINE master
access cycle by MDCMP- to allow termination of
the cycle and set up for next master cycle.
MDAC- 13 UD102-6 Master device access. Unsynchronized signal
(UBH116) which is low when the TILINE master logic is in
. the device access state. Used for register file
write control during TILINE master read opera-
tion.
MDGOA 13 UE026-3 Master device go. Unsynchronized output of go
(UCD029) gate in TILINE master access logic. Used during
TILINE master write to gate RF bus data to
TILINE line drivers.
MPMAST 3 UD114-6 Microprocessor master cycle. 9900 micro-program
{UBB129) command to initiate a TILINE master cycle.
Decoded from 9900 address bus.
MPRD 3 uUD114-9 Microprocessor read. 9900 microprogram
(UBB129) command to read register file data to MPU or to
read TILINE data (TILINE master read).
RFADD1, 8 UB026-6 Register file address bits 1-3. Controlled by
RFADD2, - UB026-15 TILINE address bits 17-19 during slave
RFADDS, - UB026-2 operations, otherwise, by microprocessor address
(UAGO029) bus.
SLAVE 6 UD114-19 Slave. Synchronized version of SLAVEACT, which
(UBB129) enables slave read and slave write operations.
SLAVE informs I/F controller that a normal slave
operation is in progress.
SLRDQ 6 uUD114-16 Slave read. Identifies type of slave operation (read
(UBB129) or write) to I/fF controller.

Outputs (latched on trailing edge of CLK3-, unless specified otherwise):

ATMCLK- 7
DARCLK- 7
2261885-9701

UE078-5
(UCDO089)

UE0787
(UCDO08Y)

Attention mask clock. Loads attention mask (WO,
bits 12-15) from RF bus into attention mask
register in the TILINE inperrupt logic. ATMCLK-
occurs in coincidence with a CLK- puise when
addressing WO.

Device access request clock. Command output
which clocks the master device active FIF to ini-
tiate a TILINE master cycle. DARCLK- coincides
with a low CLK3- pulse.
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Table 2-2. TILINE I/F Controller input/Output Signals (Continued)

Signature Sheet Gate* Description
IDLCLK- 7 UEO078-6 Idle clock. Loads TFDC status bits from RF bus
(UCDO089) into idle status register in the TILINE interrupt

logic. IDLCLK- coincides with a low CLK3- pulse
when W7 is addressed.

MDDATEN- 13 UC090-3 Master device data enable. Active (low) when
(UBB103) MDGOA and TLSYQ are both high. Enables RF
bus to TILINE data drivers.

RFCLKA-, 7 UD062-9 Register file clock A and B. Read/writecontrol
RFCLKB—, - UD062-7 signals to the register file. RFCLKA- controls
(UBHO074) register file bits 0-11, RFCLKB- controls bits

12-15. This split control allows independent up-
date of the two sections of the register file. The
register file clocks coincide with a low CLK3- or
MDAC- signal. RFCLKA- is disabled on slave
write cycles to WO.

RFMASTAD 6 UEO050-6 Register file master address. Strobe signal which
(UCDO058) enables register file address muitiplexer.
Multiplexer output is 0000 when RFMASTAD is
high. RFMASTAD low enables RFTLAD to steer
the multiplexer. RFMASTAD is not synchronized
to CLK3-.

RFTLAD 6 UEOQ50-7 Register file TILINE address. Steering input to
(UCDO58) register file address multiplexer. With RFMASTAD

low, RFTLAD low selects bits 11-15 of the
microprocessor data bus, and RFTLAD high
selects TILINE slave address bits 17-19 (biased
by 1000). RFTLAD is not synchronized to CLK3-,
but the address multiplexer outputs are latched
into a register on the trailing edge of CLK3-.

SLVTMQ 6 UF050-12 Slave terminate. Synchronized version of
(UCKO058) SLVTMD- output of state control ROM. Com-
mands termination of TILINE slave read or write
operation.

TLADRINC- 7 UEO078-10 TILINE address increment. Increments the 20-bit
(UCD089) address stored in the TILINE address register be-
tween successive master read or write operations.
Occurs in state 17 of a master cycle after
MASTACT is cleared.

TLDBEN 10 UAQ78-10 Gates microprocessor data bus output to register
(UABO089) file bus.
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Table 2-2. TILINE l/F Controller Input/Output Signals (Continued)

Signature Sheet Gate* Description

TLIFRDY 6 uD114-2 TILINE interface ready. Indication to 9900
(UBB129) microprocessor (via MPREADY) that register file
is ready to read or write during next clock cycle.
Used during TILINE master cycles and when
transferring data between the 9900 and the
register file. TLIFRDY is kept false while data is
stabilized on the register file bus for transfer.

TLSXQ, 7 UB062-9 Encoded bus control signals. Latched and
TLSYQ - UB062-12 synchronized versions of TLSXD and TLSYD.
(UAGO074) Used for directing data between microprocessor,
TILINE, and register file.
TLSYQB- 9 UAO078-13 Enable register file output to register file bus.
(UABO089) Inverted form of TLSYQ.
TLTLDATEN 1 UAQ78-6 TILINE input data enable. Enables TILINE line

(UABO089) receiver outputs onto RF bus. Decoded from
inverted forms of TLSXQ, TLSYQ.

Note:

* Gate locations listed with pin numbers apply to assembly 2261690-1. Gate locations in
parentheses apply to fineline assembly 2267295-1.

The SLVTMD- control output of the state control ROM has no actual effect until the rising (trailing)
edge of the next CLK3- pulse. This signal is clocked into the SLVTMQ- flip-flop at the point of
use. Similarly, the next state outputs are not clocked into the next state register until the trailing
edge of the CLK3- pulse. Therefore, the minimum length of a state is one clock period. The state
generator may remain in a given state indefinitely, as long as the next state bits from the ROM are
the same as the current state. The state is updated once every clock period, but does not
necessarily change when updated.

The RFMASTAD and RFTLAD outputs are the register file address multiplexer strobe control and
steering control, respectively. These two signals are not synchronized to CLK3-. They select the
multiplexed address input to the register file address latches, which are clocked by CLK3-.
Therefore, the register file address does not change until the trailing edge of CLK3-.

The decoder ROM (TILINE and register file read/write control ROM) uses the next state address
bits to select a block of eight addresses. The three least significant bits of the register file address
select one word from the group of eight. When the register file address is 1000, the slave operation
involves control word WO. For a slave write to WO, the decoder must generate an attention mask
clock (ATMCLK-) to load the attention mask into an attention mask register that is separate from
the register file.
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Figure 2-19. Simplified Timing for TILINE I/F Controller

The decoder ROM outputs are divided into a group of five outputs that are clocked into the syn-
chronization register and a group of three outputs (TLOP0-2) which are not synchronized at this
point. Those signals wired to the synchronization register are clocked on the trailing edge of
CLK3-. Because the clock period is longer than the combined access time of the two ROMS, the
synchronized versions of the outputs from both ROMs become available simultaneously.
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The decoder ROM does not have enough input or output bits to fully decode all of the outputs, so
additional discrete decoding logic is required. The ‘“clocking functions””, DARCLK-, IDLCLK-,
ATMCLK-, and UNITCLK- , are decoded from RFMAST- and the unsynchronized TLOP0-2 out-
puts of the decoder ROM. The clocking functions are strobed to coincide with the low CLK3-
pulse and are available about 83 nanoseconds before the synchronized decoder outputs.
TLADRINC- and TLIFRDYD- are decoded from TLOP0-2 and synchronized to CLK3- at the point
of use. The other decoder outputs are synchronized to the trailing edge of CLK3- by the action of
the synchronizing register.

2.5.9.3 TILINE I/F Controller Flowchart/State Diagram Description. Figure 2-21 is a combination
flowchart and state diagram of I/F controller operations. Each rectangular block represents a
state. The state number represents TLIFCNTRO-4, the five most significant address inputs to the
state control ROM. The most important control functions performed in the state are also given.

Diamond-shaped decision blocks represent input variable conditions that determine the next
state. The signature of the input variable appears in the decision block. If the input is true (high),
the next state is determined by following the T (true) path out of the decision block. Otherwise, the
F (false) path determines the next state. Up to three decision blocks may appear together because
there are three input variables (MPTLIF and the two multiplexed variables, TLIFVARQ,1) for any
state. If a variable is a don’t care, no decision block appears for that variable. All state changes oc-
cur at the trailing edge of the next CLK3- pulse.

TLIFVARO,1 multiplexer gating is controlled by two bits of the current state so that the variables
which must be tested during any state are available during that state.

The flowchart may be divided into four major operations;
1. Idle loop — state 00
2. Microprocessor read/write register file — states 08-0C
3. TILINE slave read/write — states 18-1C
4. Microprocessor-initiated TILINE read/write master cycle — states 10-17

In the idle state, the input multiplexer address is 00 so the three least significant address inputs to
the state control ROM are MPTLIF, SLAVE, and MPMAST (LSB). The next address output
(TLIFDO-4) is always 00 unless one or more of the input variables are high, so the state controller
loops on idle with an update each clock period.

The combination of input variables that occurs during the idle state determines the next state and
the control outputs. The effects of the control outputs are included in the rectangle with the next
state because they are latched at the same clock time as the state change.

The TILINE slave read or write cycle (state 18) is initiated by detecting a high SLAVE signal when
the TILINE I/F controlier is idle. SLAVE is the result of receiving a TILINE address that agrees with
the base address of the TFDC and a TILINE go signal while the TFDC is in idle mode. A slave
operation is initiated by an external master (990 CPU) if the right conditions exist in the TFDC.
TILINE slave cycles are limited to register file addresses 10-1E,s . The other sequences shown in
the flowchart are initiated and controlled from within the TFDC.
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Figure 2-21. TILINE I/IF Controller Flowchart
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The microprocessor read or write siave register operation (state 08) and the TILINE master read or
write cycle (state 10) are initiated by the 9900 microprogram. Part of the 9900 address space is
used to initiate and control these operations. ROM decoders detect memory references to the
reserved addresses and issue the necessary control signals. For example, the MPTLIF
(microprocessor - TILINE interface) and MPMAST (microprocessor master cycle) signals that
select register file operations (state 08) or TILINE master cycle operations (state 10) are decoded
from the 9900 address space and synchronized to CLK3-. The MPRD (microprocessor read) signal
is decoded from the reserved addresses and the 9900 bus read/write control signals.

Addresses F600-F61E are used for read/write communication with the register files. The two least
significant hexadecimal digits of the 9900 address select the individual register file address
(00-1E), and read or write is selected based on the 9900 read/write control signals. Register file ad-
dresses 10-1E correspond to control words WO through W7. Register file address 00 is a data
transfer buffer address.

Address F800 selects a TILINE master read cycle, while FAOO selects a write cycle. Register file
default address 00 is used for both read and write operations. Notice that a TILINE master write
cycle involves two register file bus operations: transferring a word from MPU memory to the
register file address and then reading the word out of the register file for transmission on the
TILINE. On a master read cycle, the data is first read from the register file, and then TILINE data is
loaded into the register file. Therefore, the data read from the register file is from the previous
master cycle. The TILINE address register is incremented on completion of the master cycle.

2.5.9.4 TILINE Interiace Controller ROM Listings. The TILINE interface controller is based on two
ROM devices: TILINE state control ROM #1, PIN 2261702-1, and TILINE and register file R/W con-
trol ROM #2, P/IN 2261702-2. Both of these ROMs are SN745471 PROM devices (256 words x 8 bits)
that are permanently programmed (burned) at the Ti factory.

Refer to the HI-LO listing for the state control ROM, Table 2-3, and to the input and output word for-
mats, Figure 2-22. Part A of the figure shows the input word (ROM address) format. The five most
significant address bits are the current state, TLIFCNTRO0-4. The remaining three bits are the input
variables, MPTLIF, TLIFVARO, and TLIFVAR1. TLIFVARO and TLIFVAR1 are multiplexed, with
selection controlled by TLIFCNTRO and TLIFCNTR1.

Each state corresponds to a block of eight words, which occupies two rows in the listing. State 00,
for example, corresponds to addresses 000 through 007. The input variables, MPTLIF, TLIFVARO,
and TLIFVAR1 select one word from the block of eight. These input variables may be considered
as a three-bit substate address. MPTLIF determines whether the selected output word is in the
upper row (MPTLIF = 0), or the lower row (MPTLIF = 1). The listing is organized into four columns,
00, 01, 10, and 11, which correspond to the multiplexed variables, TLIFVARO and TLIFVAR1.

As an example, assume that the controller is in state 00 (idle), MPTLIF = 1, and TLIFVARO,1 = 11.
State 00 specifies the first two rows of the listing, and MPTLIF = 1 selects the second row.
TLIFVARO,1 = 11 selects the last column. The ROM output for these input conditions is
LLLHHHHL.

All eight output words of a particular state may be identical or they may be different, depending

upon the number of output paths and the control requirements. No generalizations are possible; it
is necessary to check the listing to determine the exact output for a given set of input conditions.
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A. INPUT (ADDRESS) FORMAT
‘— INPUT VARIABLE MULTIPLEXER STEERING
I\
r \
TL.IF'OCNTR TLIFCNTR| TLIFCNTR | TLIFCNTR | TLIFCNTR MPTLIF TLI(I;VAR TLII;'VAR
1 2 3 4
\ / \ o
N N
CURRENT INPUT
STATE VARIABLES
MICROPROCESSOR-
INITIATED TILINE
CYCLE OR REGISTER
FILE OPERATION
B. OUTPUT FORMAT
RF MULTIPLEXER
CONTROL
/\
N
Dos8
TLIFD TLIFD TLIFD TLIFD TLIFD SLVTMD- RFTLAD RFMASTAD
4 3 2 1 0(MSB)
e v
v

NEXT STATE
NOTE REVERSAL
F BINARY ORDER)

(A)142271

2-58

0=ENABLE RF
MU

PUT TO 0000

RF MUX
CONTROL
(1 F(') RFMASTAD

0=SELECT
MPU BUS
ADDRESS
11-14

1=SELECT
TILINE
SLAVE
ADDRESS

SLAVE CYCLE
TERMINATE

Figure 2-22. TILINE State Control ROM Input/Output Formats
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TILINE State Control ROM Listing

Table 2-3.

TLIFVARO,1

Input

State Address

1

0

1

1

0

00

LLLHHHHL L
LHLL LLLLHHLH LLLHHHHL LLLHHHHL

T

000-003
004-00

1

MPTLIF

LLLH

”
i

00

LHLHLL

L HH
HHLHLHLL HHLHLHLL HLLHLHLL HLLHLHL

LHLHL

T
L

068-071

08

T
LL

HLHLH

L
LHLHLHLL LHLHLHLL LHLHLHLL LHLHLH

LL

076-079

09

TMS 9600
Read/Write

LLLLHLH LLLLLHLH
L

LLLLHLH LLLLLHLH L

L

080-083
084-087

Register

LLLHLH LLLLLHLH

LLLLLHLH LLLLLHLH L

OA

File

|

H

HLL

L LLLLLHLL
L

LHLH

1
L

LLHHLHLL LLLLLHLL LLHHLHLL LLLLL
LLLLLHLH ULLLLHLH LLLLLHLH LLLLLH
LLLLLHLH LLLLLHLH LLLLLHLH LLLL

LLHHLHLL LLLLLHLL LLHHLH

092-095
096-099
100-103

088-091

0B
0ocC
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Table 2-3. TILINE State Control ROM Listing (Continued)

14

15

17

18

128-131
132-135

136-139
140-1143

144147
148-151

152-155
156-159

160-163
164-167

168-171
172-175

176-179
180-183

184-187
188-191

192-195
196-199

200-203
204-207

208-211
212-215

216-219
220-223

224-227
228-231

LLHLHHLL
LLHLHHLL

LHLLHHLH
LHLLHHLH

HHLLHHLH
HHLLHHLH

HHHLHHLH
HHHLHHLH

HLHLHHLL
HLHLHHLL

LHHLHHLH
LHHLHHLH

HHHLHHLH
HHHLHHLH

LLLLLHLH
LLLLLHLH

LHLHHHHL
LHLHHHHL

LLLLLHLH
LLLLLHLH

HHLHHLHL
HHLHHLHL

LLHHHLHL
LLEHHLHL

LLLLLHLH
LLLLLHLH

LLHLHHLL HLLLHHLH
LLHLHHLL HLLLHHLH

LHLLHHLH LHLLHHLH
LHLLHHLH LHLLHHLH

HHLLHHLH HHLLHHLH
HHELLHHLH HHLLHHLH

HHLLHHLH HHHLHHLH
HHLLHHLE HHHLHHLH

HLHLHHLL HLHLHHLL
HLHLHHLL HLHLHHLL

LHHLHHLH LHHLHHLH
LHHLHHLH LHHLHHLH

LHHLHHLH HHHLHHLH
LHHLHHLH HHHLHHLH

LLLLLHLH LLLLLHLH
LLLLLHLH LLLLLHLH

LHLHHHHL HLLHHHHL
LHLHHHHL HLLHHHHL

HLLHHLHL LLLLLHLH
HLLHHLHL LLLLLHLH

HHLHHLHL HHLHHLHL
HHLHHLHL HHLHHLHL

LLHHHLHL LLHHHLHL
LLHHHLHL LLHHHLHL

LLHHHLHL LLLLLHLH
LLBHHLHL LLLLLHLH

LLLLLLLL LLLLLLLL:
- LLLLELLL LLLLLLLL

HLLLHHLH
HLLLHHLH

LHLLHHLH
LHLLHHLH

HHLLHHLH
HHLLHHLH

HHLLHHLH
HHLLHHLH

HLHLHHLL
HLHLHHLL

LHHLHHLH
LHHLHHLH

LHHLHHLH
LHHLHHLH

LLLLLHLH
LLLLLHLH

TILINE
Master
Cycle

HLLHHHHL
HLLHHHHL

HLLHHLHL
HLLHHLHL

HHLHHLHL
HHLHHLHL

LLHHHLHL
LLHHHLHL

LLHHHLHL
LLHHHLHL

TILINE
Slave
Read/Write

TLLLLLLLL
‘LLLLLLLL

2261892-3002
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A number of states are unused and are not addressed by any valid combination of input signals.
These states are all filled with zeros. Unused states are 01 through 07, 0D through OF, and 1D
through 1F.

The listing is organized into four major blocks of addresses, one block for each of the major types
of operations controlled by the TILINE /F controller. Recall that the two most significant bits of
the current state control the steering of the TLIFVARO,1 input multiplexer. Multiplexer selection
ranges are states 00-07, 08-0F, 10-17, and 18-1F, as shown in Table 2-4.

Table 2-4. TILINE Interface Variable Multiplexer Steering

Current TLIFCNTR Output

State 0 1 TLIFVARO TLIFVAR1
00 - 07 0 0] SLAVE MPMAST
08 - OF 0 1 MPRD 0
10 - 17 1 0 MPRD MASTACT
18 - 1F 1 1 SLRDQ SLAVE

Refer to the state control ROM output format, part B of Figure 2-22. The first five bits are TLIFD4
through TLIFDO, the next state address (in reverse bit order). To read the next state address, start
at the fifth bit from the left and read right to left, substituting O for L and 1 for H. The next state
forms part of the input address of the TILINE and register file R/W control ROM (decoder ROM) and
becomes the current state on the next CLK3- pulse.

The three least significant bits of the state control ROM output are SLVTMD-, RFTLAD, and
RFMASTAD. Note that SLVTMD- is active low, so an L in this bit position corresponds to a slave
terminate command. RFTLAD is the steering input to the register file address multiplexer.
RFTLAD has no effect unless RFMASTAD is low (L). RFMASTAD is the active low strobe input to
the multiplexer. IF RFMASTAD is high (H), a default register file address of 00 appears at the
multiplexer outputs. With RFMASTAD low, RFTLAD = L selects microprocessor address bits
11-14, and RFTLAD = H selects TILINE slave address bits 17-19, biased by a hardwired 1000.

Most of the state control ROM outputs have no effect until the trailing edge of the next CLK3-
pulse. The multiplexer control takes place immediately, but the RF address muitiplexer output
feeds a clocked register, so the actual register file address is unchanged until CLK3-. The next
state output does, however, go directly into the decoder ROM without synchronization.

Refer to the HI-LO listing for the TILINE and register file R/W control ROM, Table 2-5. Also refer to
the input/output word formats, Figure 2-23. The five most significant address bits are the next
state, TLIFD0-4. Note that the bits are in binary order. The three least significant bits are register
file address bits RFAD1-3.

The next state (TLIFD0-4) selects a block of eight word addresses, and the register file address
selects one of the eight words for output.
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A. INPUT (ADDRESS) FORMAT

MSB

TLIFD TLIFD TLIFD TLIFD TLIFD RFAD RFAD RFAD
0 1 2 3 4 1 2 3

/\. /
A4 \'a
NEXT I REGISTER
STATE FILE
ADDRESS
B. OUTPUT FORMAT
Do8 DO1
TIEOP TLPP TLOOP RFWMASTD-|RFWRTAD- | RFWRTBD-| TLSYD TLSXD
- o \ I\ 7
v Vv A4
e | |
ENCODED
OPERATION RF BUsE
CONTROL CONTROL
REGISTER FILE REGISTER FILE WRITE
WRITE CLOCK —_— CLOCKS (ACTIVE LOW)
SELECTION
RFWRTAD—-=REGISTER
0 SELECTS MDAC—(TILINE MASTER FILE BIT
CYCLE 00-11
1 SELECTS CLK3-(TFDC INTERNAL CLOCK
TRANSFER)" RFWRTBD—-=REGISTER
FILE BIT
CEocr
(A)142272

Figure 2-23. TILINE and Register File R'W Control ROM Word Formats

The eight output words of a particular state may be all identical, or may be different, depending
upon the number of output paths and the control requirements. If all eight words are identical, the
register file address is not considered in determining the control outputs.

A number of states are unused. These states do not appear in the next state output of the state

control ROM. Unused states are 01-07, 0D-0F, and 1D-1F. The unused states are programmed
with all zeros.
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Table 2-5.

TILINE and Register File R/W Control ROM Listing

Input
Address

Next

State

Idle

LLLHHHHL LLLHHHHL LLLHHHHL:

003 LLLHHHHL

000-

LLLHHHHL LLLHHHHL LLLHHHHL LLLHHHHL

cou4-007

00

B

.

A

e

i)

e BRE a8

S¥

e

O
— ]
jeaenl o
jasiian) jas}
oo jea]
Ex =
[ g —
[ ooy
[ —
[SS. fun}
jasgpen) o
T x
fe e of jas)
[aaghes) ja=y
[ B | =
3 jan)
=1, —
P R | -
oo jany
oo pany
o X
oo e sy
=1 -1
(eSS T
[ - | -3
214 |
jsaggacy T
jasien] o
e aiie ] b=
o o)
. ) -2
[ . ey
[ . | P}
[ . g}
O - [l
o O o
[ |
= O o
O WO e~
e o) (o)
o0
(=)

HHL LHLHHHHL LHLHHHHL LHLHHHHL

079 - LHLHH

076~

09

T™MS 9500
Read/Write

LELEHKHL LHLHEHHL LHLHHHHL LHLHHHHL
LHLHHHHL LHLHHHHL LHLHHHHL LHLHHHHL

080-083

084

Register

087

0A

File

LHELHHLLH LHLHLLLH LHLHLLLH LHLHLLLH
LHLHLLLH LHLHLLLH LHLHLLLH LHLHLLLH

088-091

092-095

0B

LLLHAHLH LLLHHHLH LLLHHHLH LLLHHHLH

LLLHHHLH LLLHHHLH LLLHHH

099

096-

H HLHHHHLH

1
o

100-103

0cC
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Table 2-5. TILINE and Register File R/W Control ROM Listing (Continued)

10

"M

12

13

19

14

1B

128-131
132-135

136-139
140-143

1Y -147
148-151

152-155
156-159

160-163
164-167

168-171
172-175

176-179
180-183

184-187
188-191

192-195
196-199

200-203
204-207

208-211
212-215

216-219
220-223

224-227
228-233

“232-235

236239

| 2uD-2143
,2ﬂ#~2§7

LLLHHHHL
LLLHHHHL

LHLHHHHL
LHLHHHHL

LHLHHHHL
LHLHHHHL

LLHLLLLL
LLHLLLLL

LHLHLLLH
LHLHLLLH

LHLHHHLH
LHLHHHLH

LLHLHHHL
LLHLHHHL

HLLHHHHL
HLLHHHHL

LLLHHHHL
LLLHHHHL

LLLHEHHHL
LLLHHHHL

LLLHLHLL
LLLHLLLL

LHHHHHLL
LLLHHHLL

LLLHHHLL

Yovr vyuyery v
LLLHHHELL

LLLLLLLL

LLLLLLLL

LLLHHHHL
LLLHHHHL

LHLHHHHL
LHLHHHHL

LHLHHHHL
LHLHHHHL

LLHLLLLL
LLHLLLLL

LHLHLLLH
LHLHLLLH

LHHHHHLH
LHLHHHLH

LLHLHHHL
LLHLHHHL

HLLHHHHL
HLLHHHHL

LLLHHHHL
LLLHHHHL

LLLHHHHL
LLLHHHHL

LLLHLLLL
LLLHLLLL

LLLHHHLL
LLLHHHLL

LLLHHHLL

LLLHHALL

LLLLLLLL
f;LLLLLLL=

LLLHHHHL
LLLHHHHL

LHLHHHHL
LHLHHHHL

LHLHHHHL
LHLHHHHL

LLHLLLLL
LLHLLLLL

LHLHLLLH
LHLHLLLH

LHLHHHLH
HHHHHHLH

LLHLHHHL
LLHLHHHL

HLLHHHHL
HLLHHHHL

LLLHHHHL
LLLHHHHL

LLLHHHHL
LLLHHHHL

LLLHLLLL
LLLHLLLL

LLLHHHLL
HHHHHHLL

LLLHHHLL

[ —
LLLHABLL

LLLLLLLL
LLLELLLL
LLLLLLLL
L LLLLLLLL

LLLHHHHL
LLLHHHHL

LHLHHHHL
LHLHHHHL

LHLHHHHL
LHLHHHHL

LHLLLHHL
LHLLLHHL

LHLHLLLH
LHLHLLLH

LHLHHHLH
LHLHHHLH

LLHLHHHL
LLHLHHHL

HLLHHHHL
HLLHHHHL

TILINE
Master
Cycle

LLLHHHHL
LLLHHHHL

LLLHHHHL
LLLHHHHL

LLLHLLLL
LLLHLLLL

LLLHHHLL
HLHHHHLL

LLLHHHLL

LLLHHALL

TILINE
Slave
Read/Write

LLLLLLLL
LALLLLLL
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Refer to the output word format, part B of Figure 2-23. The first three bits of the output word are
the encoded TILINE operation control bits, TLOP2-TLOPO. TLOPO is externally ANDed with
RFMAST- to produce TLOPOA. TLOPOA, TLOP1, and TLOP2 are decoded as shown in Table 2-6.

Table 2-6. TILINE Operation Control Decoding

Inputs Output
TLOPOA TLOP1 TLOP2

Use

Occurrence

0 0 0 None

0 0 1 TLADRINC-

0 1 0 TLIFRDYD-

0 1 1 None

1 0 0 *DARCLK-

1 0 1 *IDLCLK-

1 1 , 0 *ATMCLK-

1 1 1 *UNITCLK-
Note:

* = coincident with CLK3- pulse

Increments TILINE
address
counter/register.

Enables 9900
MPREADY during
TILINE cycles.

Initiates a
TILINE master
cycle.

Latches interrupt
and W7 interrupt
generation bits.

Latches attention
mask bits for
interrupt logic.

Generates unit
change interrupt
to 9900 for update
of WO unit status.

Next state = 17

States 9,A,B,11,
12,14,

Next state = 13

W7 only, next
state = 0C,1B.

WO only, next
state = 1B.

W6 only, next
state = 15,1B.

Notice that the bit order shown in the decoding chart is the reverse of the order in the ROM output
word. The order shown corresponds to the hardware decoding scheme.

The remaining five bits of the output word are synchronized to the trailing edge of CLK3- before

use.
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The fourth bit of the ROM output word is the active-low RFMASTD- signal which is latched on the
trailing edge of CLK3- to become RFMAST-. RFMAST- selects either CLK3- (RFMAST- = H) or
MDAC- (RFMAST- = L) as the register file clocking signal (RFCLKA-, RFCLKB-). RFWRTBD-
must be low to write to register file bits 12-15, and RFWRTAD- must be low to write to register file
bits 00-11. RFWRTBB- is disabled when writing to WO from the TMS 9900; RFWRTAD- is disabled
when writing to WO from the TILINE.

The last two bits of the output word are the encoded register file bus control bits, TLSYD and

TLSXD. These signals are synchronized (as TLSYQ and TLSXQ) to CLK3- and decoded as shown in
Table 2-7.

Table 2-7. Register File Bus Control Decoding

Inputs Output Description
TLSYQ TLSXQ
0 0 TLTLDATEN TILINE data input enable
0 1. TLDBEN MPU data bus to RF bus
enable
1. - X TLSYQB- Register file to RF bus enable
1 X MDDATEN- RF bus to TILINE enable
if (TFDC master write)
MDGOA = 1 )

The two ROM listings and a knowledge of current inputs are necessary to follow the operations of
the TILINE interface controller. The current state (TLIFCNTRO-3) restricts the state controller
ROM to a particular block of eight addresses. This current state also steers the TILINE I/F variable
multiplexer to select a pair of input variables. Input variables MPTLIF, TLIFVARO, and TLIFVAR1
may be regarded as a “substate”. The input variable conditions uniquely select one of the eight
possible addresses. The word stored at that address appears at the ROM output after the ROM set-
tling time.

The word at the output of the state control ROM selects the next register file address and issues a
slave terminate if required. This word also determines the next state. Note that the next state ad-
dress appears in reverse order, least significant bit first.

The next state selects a block of eight word addresses in the TILINE and register file R/IW control
ROM, and the current register file address selects the individual word. Use Table 2-6 to find the
control outputs of the second ROM. The outputs of this second ROM are stable after the sum of
the two ROM access times, which is considerably less than one clock period. Therefore, the out-
puts of the ROM are simultaneously avaiiable for most of the clock cycle. The clocking outputs
(DARCLK-, IDLCLK-, ATMCLK-, UNITCLK-) are active for the duration of the low CLK3- pulse.
The other control outputs of both ROMs are effective on the trailing (rising) edge of CLK3-. This
clock edge also advances the state controller to the next state.
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Decoding tables for the encoded control functions are provided in this paragraph. The flowchart
provides an overview of TILINE I/F controller operations and may serve as a check while following
the ROM listings.

2.6 TFDC CENTRAL PROCESSOR SECTION

The TFDC is essentially a special purpose computer with an instruction set of eight normal mode
commands and eight extended mode commands. The normal mode commands are Store
Registers, Write Format, Read Data, Write Data, Read ID, No-op, Seek, and Restore. The extended
mode commands are Extract Interlace Factor, Write Interlaced Sector Format, Read Delete, Write
Delete, Read Unformatted, Write Controller Memory, Read Controller Memory, and Extended Test.
These 16 macroinstructions are implemented in hardware and in a fixed control program burned
into a read-only memory (ROM). The central processor section executes the instructions in the
control program, based on setup parameters from control words W0-W7, and status/control/data
inputs from the TILINE interface and the drive interface.

2.6.1 Introduction to Processor Organization

The processor is based on the TMS 9900 microprocessor and the TMS 9901 peripheral interface
adapter (PIA). Refer to Figure 2-24, a block diagram that shows the organization of the processor
section and the major buses.

2.6.1.1 Microprocessor introduction. The TMS 9900 microprocessor is a 16-bit processor with a
15-bit address output bus and a 16-bit data input/output bus. The microprocessor also has a serial,
bit-addressable input/output system which shares the address bus. This serial /O system is used
for control outputs and status inputs to/from the logic external to the microprocessor.

2.6.1.2 Timing and Reset Introduction. The TMS 9900 requires four nonoverlapping clock phases
to control the internal sequence of operations for execution of 9900 machine language instruc-
tions. The timing logic provides four crystal-controlled clock phases at 3 MHz. It also provides a
separate microprocessor clock output to synchronize external logic operations to the
microprocessor operating cycle. The reset logic provides synchronized and unsynchronized reset
outputs to the TFDC logic. These resets are initiated by an 1/O reset from the 990/5, 990/10 or
990/12 processor or by power failure warning or power reset from the 990 chassis power supply.
Microprocessor clock and reset outputs are supplied by the TIM 9904/SN74LS362 four-phase
clock oscillator.

2.6.1.3 TMS 9901 Peripheral Interface Adapter (PIA) Introduction. The TMS 9901 PIA serves as an
external interrupt priority encoder (with maskable interrupts), a multiport input and output register
for the serial interface, and an interval timer.

2.6.1.4 Communications Register Unit (CRU) IIF Logic Introduction. The CRU I/F logic performs in-
put data selection and output data routing for the serial CRU interface.

2.6.1.5 Read-Only Memory (ROM) Introduction. A TMS 9900 control program is permanently
stored in the read-only memory. This control program operates whenever power is applied to the
TFDC. All TFDC operations are controlied by the operating sequences stored in the ROM. The pro-
gram is written in 9900 machine language.

2.6.1.6 Random-Access Memory (RAM) Introduction. The RAM provides 256 words of read/write
memory for workspace storage and temporary variable storage.
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2.6.1.7 Address Decoding Logic. The control program ROM and the scratchpad RAM occupy a
very small percentage of the address space available on the TMS 9900 memory bus. Some of the
otherwise unused addresses are used for memory-mapped input/output and special function con-
trol. Memory-mapped /O assigns memory addresses to I/O devices so that the TMS 9900
microprocessor can send and receive data using normal memory data transfer instructions, such
as MOV (move).

2.6.1.8 Register File Introduction. The register file is a high-speed, 16-word memory which is
used for storage of control words WO-W7 (SLVWDO-SLVWD?7). These contain the TFDC setup
parameters which are sent to the TFDC to initiate disk operations. These control words are up-
dated as status words during the course of an operation. They may be read back by the 990 pro-
cessor after the operation terminates. The register file also serves as a one-word storage buffer for
data transfers between the 990 memory and the disk. The register file bus (RFBUS00-15) provides
register file I/O and data connections to the TILINE data and microprocessor data buses.

2.6.1.9 990 Interrupt Logic Introduction. TFDC interrupts to the host 990 processor (not the TMS
9900 microprocessor) are generated by the 990 interrupt logic. This logic includes the attention in-
terrupt mask register and the idle status register. These registers are loaded from the register file
bus.

2.6.1.10 TILINE Address Register/Counter. TILINE master access cycles initiated from the TFDC
require the TFDC to provide the 20-bit TILINE address. The TILINE address register/counter is
loaded (by two separate microprocessor data bus cycles) as part of the TILINE operation setup.
The counter is incremented on successive TILINE data transfers by the TILINE I/F control logic.

2.6.2 TMS 9900 Microprocessor

This paragraph describes the TMS 9900 microprocessor device, without regard to its use in the
TFDC. Subsequent paragraphs describe the way that the TMS 9900 device is used in the TFDC and
the organization of the control program for the TMS 9900. Readers who are familiar with this
device may wish to skip ahead to the paragraphs that describe TMS 9900 operation in the TFDC.

The TMS 9900 is a 16-bit microprocessor on a chip which, when combined with an external
memory and four-phase clock source, functions as a general-purpose computer. The TMS 9900
microprocessor architecture includes vectored interrupts and memory-located workspace
registers for efficient context switching. There are two microprocessor I/O channels, a bit-
oriented, command-driven Communications Register Unit (CRU) and a 16-bit memory channel with
64K bytes of memory address space. The memory channel may be used for direct memory access
(DMA) 1/O with the addition of external DMA logic. Or, it may be used as a memory-mapped /O
channel. Memory-mapped I/O assigns addresses in memory space to input/output devices and
transfers data with normal memory access instructions, such as move (MOV).

The TMS 9900 features a flexible set of 64 instructions with 8 addressing modes. A summary of

TMS 9900 microprocessor characteristics is provided in Table 2-8. A simplified block diagram of
the TMS 9900 internal structure is shown in Figure 2-25.
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Table 2-8. TMS 9900 Microprocessor Characteristics
Item Characteristic
Word size 16 bits
Maximum memory 32K words
Clock rate 3 MHz

Instruction cycle time

Addressing modes

Average-5 microseconds

Minimum-2 microseconds

Maximum-31.5 microseconds

Immediate

Workspace register

Workspace register indirect

Symbolic memory (direct)

Indexed memory

Workspace register indirect auto-increment
Program Counter Relative

CRU Relative
Interrupts 16 capability
Registers 16
Input/Output Direct (CRU) and direct memory access (DMA)
Address bus 15 bits
Data bus 16 bits
Power +12 Vdc, £ 5 Vdc
Package 64 pins, dual-in-line package
Technology N-channel silicon gate

Instruction set

64 instructions, including hardware multiply

and divide

2.6.2.1 Architecture. The memory word of the TMS 9900 is 16 bits long. Each word is also de-
fined as 2 bytes of 8 bits each. The instruction set of the TMS 9900 allows both word and byte
operands. All memory word locations are on even byte address boundaries. Byte instructions can
address either the even or odd byte. The memory space is 65 536 bytes or 32 768 words. Word and
byte formats are shown in Figure 2-26.

Registers and Memory. The TMS 9900 employs an advanced memory-to-memory architecture.
Blocks of memory designated as workspaces replace internal hardware registers as program data
registers. Three internal registers are accessible to the user. The program counter (PC) contains
the address of the instruction following the current instruction being executed. This address is
referenced by the processor to fetch the next instruction from memory and is then automatically
incremented. :

The status register (ST) contains the interrupt mask level and status information pertaining to the
instruction operation. Each bit in the register signifies a particular function or condition that
exists in the microprocessor. Figure 2-27 illustrates the status bit assignments. Some instructions
use the status register to check for a condition. Others affect the values of individual status bits,
and others load the entire status register with a new set of parameters. The Model/ 990 Computer
TMS 9900 Microprocessor Assembly Language Programmer’s Guide details the effect of each in-
struction on the status register.
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Figure 2-25. TMS 9900 Microprocessor Architecture
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MSB LsB
o 1 2 3 | a 5 6 | 7 8 9 |10 | 11 [12]13 |14 |15
\SIGN BIT ,
V"

MEMORY WORD (EVEN ADDRESS)

7MSB LSB MSB LsSB
(¢] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
\SIGN BIT A_SIGN BIT )]
\'4 'S
(AY133116 EVEN BYTE ODD BYTE

Figure 2-26. Microprocessor Word and Byte Format

o] 1 2 3 4 S 6 7 11 12 15

L> A> EQ Cc ov oP X RESERVED FOR INTERRUPT
FUTURE USE MASK

LOGICAL GREATER THAN _l

ARITHMETIC GREATER THAN

EQUAL./TB INDICATOR

CARRY OUT

OVERFLOW

PARITY (ODD NO, OF BITS)
XOP IN PROGRESS

(A)128651A

Figure 2-27. Status Register Bit Assignments

The workspace pointer register (WP) contains the address of the first word in the currently active
set of workspace registers. A workspace register set occupies 16 contiguous memory words in
the general memory area. Each workspace register may hold data or addresses and function as an
operand register, accumulator, address register, or index register. Some workspace registers take
on special significance during execution of certain instructions. Table 2-9 lists each of these
dedicated workspace registers and the instructions that use them. During instruction execution,
the processor addresses any register in the workspace by adding the register number to the con-
tents of the workspace pointer as shown in Figure 2-28.
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Table 2-9. Dedicated Workspace Registers

Register Contents Used During
0 Shift count (optional) Shift instructions (SLA,SRA, SRC and SRL
11 Return address Branch and Link instruction (BL)
Effective address Software implemented Extended Operation (XOP)

12 CRU base address CRU instructions (SBO, SBZ, TB, LDCR and STCR)

13 Saved WP register Context switching (BLWP, RTWP, software XOP,
recognized interrrupt, LOAD, and RESET)

14 Saved PC register Context switching (BLWP, RTWP, software XOP,
recognized interrupt, LOAD, and RESET)

15 Saved ST registers Context switching (BLWP, RTWP, software XOP,

recognized interrupt, LOAD and RESET)

WOKKSPACE
WORKSPACE POINTER ADDRESS
(WP) - REGISTERS
[ WP I - WP + 00 o
WP + 02 1
WP ¢+ 04 2
WP + 06 3
WP + 0B a
WP + OAyg 5
WP + 0Cy¢ 6
PROCESSOR ADDS
WORKSPA((;‘NEPPOTION;EE < WP + 0B, ¢ 7
RECITTERNNRTIAL | we s ros :
v U

REGISTER ADDRESS WP + 1246 9
WP + 14,6 10
WP + 164¢ 1
WP + 184¢ 12
NOTE: ALL MEMORY WORD ADDRESSES WP + 1A4¢ 13
ARE EVEN, WP + 1C, ¢ 14
WP + 1E4g 15

(A)133119

2261885-9701

Figure 2-28. TMS 9900 Workspace Pointer and Registers
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The workspace concept is particularly valuable during operations that require a context switch (a
change from one program to another or to a subroutine, as in the case of an interrupt). Such an
operation using a conventional multiregister arrangement requires that at least part of the con-
tents of the register set be stored and reloaded. A memory cycle is required to store or fetch each
word. By exchanging the contents of the program counter, status register, and workspace pointer,
the microprocessor accomplishes a complete context switch with only three store cycles and two
fetch cycles. After the switch the workspace pointer contains the starting address of a new
16-word workspace in memory for use by the new routine. The contents of the WP, PC, and ST
registers from the previous routine have been saved in new workspace registers 13, 14, and 15,
respectively. A corresponding saving in time occurs when the original context is restored. Instruc-
tions in the microprocessor that result in a context switch include:

° Branch and Load Workspace Pointer (BLWP)
U] Return with Workspace Pointer (RTWP)
e  Extended Operation (XOP)

The device interrupts RESET- and LOAD- also cause a context switch by forcing the
microprocessor to trap to a service subroutine.

Interrupts. The TMS 9900 microprocessor can accomrﬁodate 16 interrupt levels with the highest
priority level 0 and the lowest level 15. Level 0 is reserved for the RESET- function, and all other
levels may be used for external devices.

When the interrupt request signal (INTREQ-) is active, the microprocessor compares the interrupt
code (ICO through IC3) with the interrupt mask contained in status register bits 12 through 15.
When the level of the pending interrupt is less than or equal to the enabling mask level (higher or
equal priority interrupt), the microprocessor recognizes the interrupt and initiates a context
switch following completion of the currently executing instruction. The processor fetches the
new context WP and PC from the interrupt vector locations. Then, the previous context WP, PC,
and ST are stored in workspace registers 13, 14, and 15 of the new workspace.

The microprocessor then forces the interrupt mask to a value that is one less than the level of the
interrupt being serviced, except for a level 0 interrupt that loads zero into the mask. This allows
only interrupts of higher priority to interrupt a service routine. The microprocessor also inhibits in-
terrupts until the first instruction of the service routine has been executed so that program linkage
is preserved should a higher priority interrupt occur.

All interrupt requests should remain active until recognized by the microprocessor as part of the
device service routine. The individual service routines must reset the interrupt requests before the
routine is complete. If a higher priority interrupt occurs, a second context switch is made to ser-
vice the higher priority interrupt. When that routine is complete, a return instruction (RTWP)
restores the first service routine parameters to complete processing of the lower priority interrupt.
All interrupt subroutines should terminate with the return instruction (RTWP) to restore original
program parameters.

Input/Output. The TMS 9900 microprocessor uses a versatile direct command-driven 1/O interface
called the Communications Register Unit (CRU). The CRU provides up to 4096 directly-
addressable input bits and 4096 directly-addressable output bits. Input and output bits can be ad-
dressed individually or in fields of from 1 to 16 bits. The microprocessor employs three dedicated
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110 pins (CRUIN, CRUOUT, and CRUCLK) and 12 bits (A3 through A14) of the address bus as the in-
terface to the CRU system. The microprocessor instructions that drive the CRU interface can set,
reset, or test any bit in the CRU array or move data between memory and CRU data fields.

Because of its extremely flexible data format, the CRU interface can be used effectively for a wide
range of control and data transaction operations. These applications can be divided into two broad
categories: those involving a single control bit transfer, and those requiring input or output of
several data or status bits.

The microprocessor performs three single-bit CRU functions: Test Bit (TB), Set Bit to One (SBO),
and Set Bit to Zero (SB2). To identify the bit to be tested or modified, the microprocessor develops
a CRU bit address and places it on the address bus, A3 to A14. AO-A2 are forced to zero for all CRU
operations.

For the two output operations (SBO and SBZ), the microprocessor places bit 7 of the instruction
word on the CRUOUT line and generates a CRUCLK pulse to load the bit into the CRU device. Bit 7
is a one for SBO and a zero for SBZ. The test bit instruction is an input operation that transfers the
addressed CRU bit from the CRUIN input line to bit 2 of the status register (equal bit).

The microprocessor develops a CRU-bit address for the single-bit operations from the CRU base
address contained in workspace register 12 (W12) and the signed displacement contained in bits 8
through 15 of the instruction. The displacement allows two’s complement addressing from base
minus 128 bits through base plus 127 bits. The base address from bits 3-14 in workspace register
12 is added to the signed dispiacement specified in the instruction and the result is loaded onto
the address bus. Figure 2-29 illustrates the development of a single-bit CRU address.

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

CRU BASE ADDRESS
x| x| x x | FROM WORKSPACE REGISTER
¥12

X DON'T CARE

SIGNED DISPLACEMENT
FROM INSTRUCTION
: E : : 4 (LEFT SHIFTED 1 BIT)
BIT 8 SIGN
EXTENDED

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
oJo |o ADDRESS BUS
MAO-MA14
\ /\ /
v Vv
SET TO ZERO EFFECTIVE CRU BIT ADDRESSES
FOR ALL CRU
OPERATIONS

(A)133120
Figure 2-29. TMS 9900 Single-Bit CRU Address Development
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The microprocessor performs two multiple-bit CRU operations: Store Communications Register
(STCR) and Load Communications Register (LDCR). These operations transfer data between the
CRU field and the memory address specified in the instruction. Any number of bits from 1 to 16
may be transferred by one instruction.

The LDCR instruction includes a memory address for the source operand, a displacement (relative
to the CRU base address in R12), and a bit count. This instruction fetches a word from memory and
right-shifts it to serially transfer it to CRU output bits. If the LDCR involves eight or fewer bits,
these bits come from the right-justified field within the addressed byte of the memory word. This
is the upper byte (0-7) for even addresses and the lower byte (8-15) for odd addresses. If the LDCR
involves nine or more bits, these bits come from the right-justified field within the whole memory
word.

Refer to Figure 2-30, which summarizes an LDCR operation. As the bits are transferred to the CRU
interface, the CRU address is incremented for each successive bit. This addressing mechanism
results in an order reversal of the bits; that is, bit 15 of the memory word (or bit 7) becomes the
lowest addressed bit in the CRU and bit 0 becomes the highest addressed bit in the CRU field.

14 15

7 8
F o o0 o0 1 0o 0 o I o (o] o0 o 0 o IO I CONTENTS OF WORKSPACE
REGISTER R12

CONTENTS OF
MEMORY ADDRESS | i i kK | m n o NOTE RIGHT JUSTIFICATION
0702 Ia b Cld e t 9 hl' ! ﬂ IN FULL WORD, DUE TO
TRANSFER OF MORE THAN
8 BITS.

13-BIT TRANSFER—
NOTE ORDER REVERSAL
(LSB FIRST, MSB LAST)

CRU ADDRESS =
AO—-At14 400 x401 X402/x 403 x 404 raos x406 x 407 x 408 409 410 411 x 412 *ZZZ

' O S S G S G G N 6 S 60 &N ///

SSUPRIPRRN N A S | O o A W

(A)142274

Figure 2-30. Multiple-Bit CRU Output Operation — LDCR
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An STCR instruction, Figure 2-31, transfers data from the CRU to memory. An STCR instruction in-
cludes a memory destination address, a displacement from the CRU base address, and a bit count.
If the operation involves eight bits or less, the transferred data is stored right-justified in the ad-
dressed memory byte with leading bits set to zero. If the operation involves 9 to 16 bits, the
transferred data is stored right-justified in the memory word with leading bits set to zero. When the
input from the CRU device is complete, the first bit from the CRU is in the least significant bit posi-
tion in the memory word or byte.

2.6.2.2 Interface Signals. TMS 9900 microprocessor pin assignments and interface signal func-
tions are described in Figure 2-32 and Table 2-10.

2.6.2.3 Timing. A basic memory read and write cycle, a hold operation, and a CRU operation are
discussed in the following paragraphs with emphasis placed on the timing of the interface signals
involved in each operation.

CONTENTS OF
0o o0 o o o 1 O 00 0 O O 0 0 O] 0| WORKSPACE
nglSTER

R

2 o} [3)

v
CRU BASE ADDRESS = 2001¢

CRU
ADDRESS MMO 201 XZOZ * 203 rzo;m
AO—-A14

CRUIN 7/// a b c d e ////A

o] 7 8 15
ADDRESS g
s e c b
o5 0 o o
N, e/ e /
A4
UPPER BITS LOWER BITS UNMODIFIED
SET TO DUE TO TRANSFER OF
ZERO LESS THAN 8 BITS
ADDRESSED TO EVEN
(UPPER) BYTE
(A)142275

Figure 2-31. Multiple-Bit CRU Input Operation — STCR
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TMS 9900 PIN ASSIGNMENTS

Vae 1 — —64 HOLD—
Vee 2 — 63 MEMEN—
WAIT 3 — | —62 READY
LOAD 4 — —61 WE-
HOLDA 5 — |—60 CRUCLK
RESET— 6 —] —59 Vvee
1AQ 7 — — 58 NC

(e} ] 8 — — 57 NC
o2 9 — |- 56 Di1s
A4 10 — —55 D14
A13 11— 54 D13
A12 12 7 —53 D12
Al 13 +—52 D11
Al10 14— —S1 D10
A9 15— —s0 D9
A8 16 — — 49 D8
A7 17 —48 D7
A6 18 —47 D6
AS 19 ] —46 DS
A4 20 ] —45 D4
A3 21 — -—a44 D3
A2 22~ F——43 D2
Al 23 — —42 D1
A0 24 T —41 Do
o4 25 — —40 Vgs
Vigg 26 ] —39 NC
Vpp 27 ——38 NC
o3 28 — 37 NC
DBIN 29 — —36 1Co
CRUOUT 30 — —35 IC1
CRUIN 31 — | —-34 1C2
INTREQ— 32 — 33 IC3

NC-NO CONNECTION
2277051
Figure 2-32. TMS 9900 Pin Assignments

Memory Read Timing. A memory read cycle with no wait states is shown in Figure 2-33. Memory
enable (MEMEN-) and data bus in (DBIN) go active at the start of the machine cycle, on the leading
edge of phase 2 clock. The memory address appears on address bus bits AQ through A14. The TMS
9900 data output drivers, DO-D15, are disabled to prevent conflicts with the input data. The
memory wriie signal (WE-) remains inactive (high) during a read cycle. If the read cycle is also an
instruction acquisition cycle, IAQ goes active (high) during the cycle.

The READY input is sampled on phase 1 of clock cycle 1 and must be high if no wait states are
desired. Input data from the memory is sampled on phase 1 of ciock cycle 2.
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Table 2-10. TMS 9900 Pin Assignments and Functions

Signature Pin 1o Description

Address Bus
AO(MSB) 24 OUT A0 through A14 comprise the address bus. This 3-state bus pro-
A1 23 OUT  vides the memory-address vector to the external memory system
A2 22 OUT when MEMEN- is active and I/O-bit addresses and external-
A3 21 OUT  instruction addresses to the I/O system when MEMEN- is inactive.
Ad 20 OUT  The address bus assumes the high-impedance state when HOLDA
A5 19 QUT s active.
A6 18 ouT
A7 17 ouTt
A8 16 ouT
A9 15 ouT
A10 14 ouT
A1 13 ouT
A12 12 ouT
A13 1 ouT
A14{LSB) 10 ouT

Data Bus

DO(MSB) 1 110 DO through D15 comprise the bidirectional 3-state data bus. This
D1 42 110 bus transfers memory data to (when writing) and from (when
D2 43 o] reading) the external-memory system when MEMEN- is active. The
D3 44 110 data bus assumes the high-impedance state when HOLDA is
D4 45 110 . active. )
D5 46 110
Dé 47 1e]
D7 48 1o
D8 49 /0
D9 50 /0
D10 51 1]
D11 52 /o]
D12 53 10
D13 54 1o
D14 55 T[e]
D15(LSB) 56 o

Power Supplies
Vss 26, 40 Ground reference
Vss 1 Supply voitage (— 5 V NOM)
Vee 2,59 Supply voltage (5 V NOM)
Voo 27 Supply voltage (12 V NOM)

Clocks

$1 8 IN Phase-1 clock
$2 9 IN Phase-2 clock
93 28 IN Phase-3 clock
44 25 IN Phase-4 clock

2261885-9701
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Table 2-10. TMS 9900 Pin Assignments and Functions (Continued)

Signature Pin o Description
Bus Control
DBIN 29 OUT  Data bus in. When active (high), DBIN indicates that the TMS 9900

has disabled its output buffers to allow the memory to place
memory-read data on the data bus during MEMEN-. DBIN remains
low in all other cases except when HOLDA is active.

MEMEN- 63 ouT Memory enabie. When active (low). MEMEN- indicates that the ad-
dress bus contains a memory address.

WE- 61 OUT  Write enable. When active (low), WE- indicates that memory-write
data is available from the TMS 9900 to be written into memory.

CRUCLK 60 OUT  CRU clock. When active (high), CRUCLK indicates that external in-
terface logic should sample the output data on CRUOUT or should
decode external instructions on A0 through A2.

CRUIN 31 IN CRU data in. CRUIN, normally driven by 3-state or open-collector
devices, receives input data from external interface logic. When the
processor executes a STCR or TB instruction, it samples CRUIN for
the level of the CRU input bit specified by the address bus (A3
through A14).

CRUOUT 30 OUT  CRU data out. Serial I/O data appears on the CRUOUT line when an
LDCR, SBZ, or SBO instruction is executed. The data on CRUOUT
should be sampled by external /O interface logic when CRUCLK
goes active (high).

Interrupt Control

INTREQ- 32 IN Interrupt request. When active (low), INTREQ- indicates that an ex-
ternal interrupt is requested. If INTREQ- is active, the processor
loads the data on the interrupt-code-input lines ICO through IC3 into
the internal interrupt-code-storage register. The code is compared
to the interrupt bits of the status register. If equal or higher priority
than the enabled interrupt level (interrupt code equal to or fess than
status register bits 12 through 15), the TMS 9900 interrupt sequence
is initiated. If the comparison fails, the processor ignores the re-
quest. INTREQ- should remain active and the processor will con-
tinue to sample ICO through IC3 until the program enables a suffi-
ciently low priority to accept the requested interrupt.

ICO(MSB) 36 IN Interrupt codes. ICO is the MSB of the interrupt code, which is
1C1 35 IN sampled when INTREQ- is active. When IC0 through IC3 are LLLH,
IC2 34 IN the highest external-priority interrupt is being requested and when
IC3(LSB) 33 IN HHHH, the lowest-priority interrupt is being requested.
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Table 2-10. TMS 9900 Pin Assignments and Functions (Continued)

Signature Pin o Description

Memory Control

HOLD- 64 IN Hold. When active {low), HOLD- indicates to the processor that an
external controller {(e.g., DMA device) desires to utilize the address
and data buses to transfer data to or from memory. The TMS 2900
enters the hold state following a hold signal when it has completed
its present memory cycle or CRU output. The processor then places
the address and data buses in the high-impedance state (along with
WE-, MEMEN-, and DBIN) and responds with a hold-acknowledge
signal (HOLDA). When HOLD- is removed, the processor returns to
normal operation. This pin is tied to VCC on the TFDC.

HOLDA 5 OUT  Hold acknowledge. When active (high), HOLDA indicates that the
processor is in the hold state and the address and data buses and
memory control outputs (WE-, MEMEN-, and DBIN) are in the high-
impedance state.

READY 62 IN Ready. When active (high), READY indicates that memory will be
ready to read or write during the next clock cycle. When not-ready is
indicated during a memory operation, the TMS 9900 enters a wait
state and suspends internal operation until the memory systems in-
dicate ready.

WAIT 3 OUT  Wait. When active (high), WAIT indicates that the TMS 9900 has
entered a wait state because of a not-ready condition from memory.
This pin is not used on the TFDC.

Timing and Control

1AQ 7 ouT Inétruction acquisition. IAQ is active (high) during any memory cycle
when the TMS 9900 is acquiring an instruction. IAQ can be used to
detect illegal op codes. This pin is not used on the TFDC.

LOAD- 4 IN Load. When active (low), LOAD- causes the TMS 9900 to execute a
nonmaskable interrupt with memory address FFFC,, containing the
trap vector (WP and PC). The load sequence begins after the instruc-
tion being executed is completed. LOAD- will also terminate an idle
state. If LOAD- is active during the time RESET- is released, then
the LOAD- trap will occur after the RESET- function is completed.
LOAD- should remain active for one instruction period. IAQ can be
used to determine instruction boundaries. This signal can be used
to implement cold-start ROM loaders. Additionally, front-panet
routines can be implemented using CRU bits as front-panel-interface
signals and software-control routines to control the panel opera-
tions. This pin is tied to VCC on the TFDC.

2261885-9701 2-83



Theory of Operation

Table 2-10. TMS 9900 Pin Assignments and Functions (Continued)

Signature Pin o Description

RESET- 6 IN Reset. When active (low), RESET- causes the processor to be reset
and inhibits WE- and CRUCLK. When RESET- is released, the TMS
9900 then initiates a level-zero interrupt sequence that acquires WP
and PC from locations 0000 and 0002, sets all status register bits to
zero, and starts execution. RESET- will also terminate an idle state.
RESET- must be held active for a minimum of three clock cycles.

lt—— CLOCK CYCLE 1 ——’l‘— CLOCK CYCLE 2 ——Pl

PR 1 1 T
" 1 1 1 |

i !
I I
| |
I [ |
[ | |
o4 | I I
! | !
MEMEN A : |/
I : }
l
DBIN ‘/ I I\
1 |
| | l
WE ] | |
] | |
| i |
AC-A14 X VALID ADDRESS X
1
: l 5
DO- D15 X INPUT MODE ' | Yayp INPUT MODE
1 I I
]
VAVAVAVAVAVAVAY,
reaoy X XOXOXXXXXXXXXXN | DOCCRRXXXXX) 2encr care X XXXXXXXXXX
| ! |
WAIT } ! :
L] Ll ¥
|
l | |
2277419

Figure 2-33. TMS 9900 Memory Read Timing
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At the end of the read cycle, MEMEN- and DBIN go inactive (high and low, respectively). The ad-
dress bus may also change at this time. A memory read cycle is never followed immediately by a
memory write cycle. Thus, the microprocessor data output drivers, D0-D15, remain disabled for at
least one additional clock cycle.

Figure 2-34 shows a memory read cycle with one wait state. For this case, READY is low when
sampled at clock cycle 1, phase 1. The WAIT output goes high, and all other operations are
suspended until a high READY signal is sensed on a subsequent phase 1. Thus, operations may be
suspended for an integral number of clock cycles while waiting for a slow memory or a slow
memory-mapped input process.

Memory Write Timing. A write cycle with no wait states is shown in Figure 2-35. MEMEN-, the ad-
dress output, and the data output go active at the beginning of the operation (phase 2 of clock
cycle 1). DBIN (data bus in) remains inactive for the entire machine cycle. Write enable (WE-) goes
active on phase 1 of clock cycle 1. The delay before activating WE- allows the memory time to
decode the address and meet input data setup time requirements. The READY signal is also
sampled on phase 1 of clock cycle 1. An inactive READY signal does not prevent the generation of
WE-. WE- goes inactive on phase 1 of clock cycle 2, and the address and data lines may change
states on the next phase 2 puise. This makes sure that the data is properly clocked into memory
before the address and data lines change.

Figure 2-36 shows a write cycle with one wait state. READY is inactive (low) when sampled at
phase 1. Ali microprocessor outputs, inciuding the active WE- signai, are heid constant untii an
active READY is sensed on a subsequent phase 1. This allows operations to be slowed by an in-
tegral number of clock cycles to accommodate a slow memory or memory-mapped output device.

CRU Operation. Interface timing for the CRU bus is shown in Figure 2-37 and Figure 2-38. During a
CRU-bit output operation, the CRU-bit address is placed on the address bus AQ through A14 and
the actual bit data on the CRUOUT line. MEMEN- and DBIN remain low for the duration of the
operation. During the second clock cycle, a CRU clock pulse (CRUCLK) loads the CRUOUT signal
into the destination device. This process is repeated until the number of bits specified by the in-
struction have been transferred. During a CRU input operation, the microprocessor supplies an ad-
dress on AO-A14. Decoders in the external CRU devices gate the selected bit onto the CRUIN line.
The data bit is clocked into the microprocessor on phase 1 of clock cycle 2.

2.6.3 Processor Timing and Reset

The TMS 9900 microprocessor requires clock inputs consisting of four nonoverlapping phases.
Although all other TMS 9900 input/output signals are TTL-compatible, the clock inputs must be
12-volt MOS (metal-oxide semiconductor) levels. These levels are;

Logic 0 = 0.0 to +0.25 V typical

Logic 1 +10.0 to +12.6 V typical
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Figure 2-34. TMS 9900 Memory Read Cycle Timing with One Wait State
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Figure 2-35. TMS 9900 Memory Write Cycle Timing

Microprocessor timing is provided by a TIM 9904/SN74LS362 four-phase clock generator. The
reset description is included with the timing description because a spare Schmitt trigger and flip-
flop in the TIM 9904/SN74LS362 device are used in the development of the microprocessor reset
signal. The reset and microprocessor clock logic is shown in Figure 2-39.

2.6.3.1 TIM 9904/SN74LS362 Four-Phase Clock Generator. The internal block diagram of the clock
generator is shown within the dotted outline of the TIM 9904/SN74LS362 device. When the exter-
nal oscillator input, OSCIN, is held high, the internal oscillator operates at a clock frequency
determined by the external components at the XTAL1,2 and TK1,2 inputs. As used in the TFDC, a
48-MHz third-overtone crystal and a tuned 48-MHz tank circuit are used as the frequency control
elements. The oscillator operating frequency must be 16 times the desired clock phase frequency.
The oscillator output is shaped to a square wave for input to the divider circuits.
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Figure 2-38. CRU Input Machine Cycle Timing

Timing waveforms for the TIM 9904/SN74LS362 outputs are given in Figure 2-40, which should be
used to supplement the block diagram. The output of the first divide-by-four network is an asym-
metric waveform with a frequency of 12 MHz. The period of the waveform is 83.333 nanoseconds,
and the pulse width is 20.833 nanoseconds (one period of OSCIN).

A driver provides the divide-by-four output (OSCOUT) to the TFDC. The 12-MHz OSCOUT signal is
divided to 6 MHz and 500 kHz in the read data simulator logic. The 6-MHz signal is used as a
simulated read clock. It is also routed to the phase-lock loop (PLL) clock circuits, where it serves
as a crystal-controlled write clock signal. The 500-kHz signal is used in the remote drive interface
as a timing reference for control and status signal multiplexing/demultiplexing.

The phase generator circuit produces four individual, nonoverlapping phases, which are routed to
the TMS 9900 by MOS drivers. Notice on the timing chart that a phase pulse is always enabled on
the trailing edge of OSCOUT and is disabled on the next leading edge of OSCOUT. This assures
that there is always one puise width of the OSCOUT waveform (20.833 nanoseconds) between suc-
cessive phases. This scheme completely prevents phase overlap and reduces the output pulse
width to 62.5 nanosecends (83.333-20.833).

The four output clock phases are routed to the TMS 9900 microprocessor via 15-ohm isolation
resistors, which minimize clock overshoot and undershoot. The four individual phases are used
within the microprocessor to control individual events in an instruction execution sequence. Tim-
ing examples are provided in the CRU and memory descriptions.

CAUTION

The four-phase timing signals provided by the MOS drivers are not
short-circuit protected. Any probing into this circuitry must be done
with caution to avoid irreversible damage to the TIM 9904/SN74LS362
clock generator device.
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The four clock phases, in active low form, are also supplied by TTL-compatible output drivers. The
TTL outputs are provided for synchronization of external logic functions to the TMS 9900
operating cycle. The TFDC requires phase 3 to synchronize TMS 9900 I/O functions. The active low
phase 3 microprocessor clock signal, CLK3-, is the basic timing reference for all processor-
related functions in the TFDC.

CLKS3- is one of the two major timing signals used throughout the TFDC. The TILINE slave logic
and master access logic are asynchronous, but the ROM-based TILINE I/F control logic is syn-
chronized to CLK3-. Basic timing for the drive interface logic is PLLCLK-, which is phase-locked
to incoming data for read operations and derived from OSCOUT for write operations.

2.6.3.2 ResetLogic. Three signals from the 990 backplane which can cause a TFDC reset. These
signals are shown in Table 2-11.

Table 2-11. TFDC Reset Signals

Signature Description

TLIORES- TILINE /O reset. A 100- to 500-nanosecond active low pulse that resets
all I/O controllers in the 990 chassis. This signal is generated by the
990 processor as the result of the Programmer Panel RESET being
depressed or the Reset (RSET) instruction being executed.

TLPFWP- TILINE power failure warning pulse. An active low pulse that precedes
a power loss. The power failure warning pulse is generated by the 990
chassis power supply. The leading edge of TLPFWP- precedes the
power loss by at least 7 milliseconds in the 6-slot or 13-slot chassis,
and 2 milliseconds in the 17-slot chassis.

TLPRES- TILINE power reset. A normally high signal that goes low to reset all
/O controllers and force critical external device control lines to safe
states. TLPRES- goes low at least 10 microseconds before power loss.
It then remains low during power recovery until dc voltages are
available and stable. TLPRES- is generated by the 990 chassis power
supply.

Refer to the microprocessor clock and reset block diagram. The TLPFWP- and TLIORES- signals
are inverted to active-high form by the TILINE line receivers. TLPRES- enters the reset logic di-
rectly, with no inversion.

Either an /O reset or a power failure warning will force RSTIOPF- (reset IfO or power failure) low at
the input of an SN7407 open-collector driver. The driver output is wire-ANDed with a TLPRES-
driver. The RC network at the driver output serves as a pulse stretcher to satisfy the TMS 9900
minimum reset puise width. The TMS 9900 requires a reset pulse of at least three clock cycles (ap-
proximately 1 microsecond at 3 MHz). The component values shown stretch the microprocessor
reset pulse to approximately 3 microseconds.
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The output of the RC network is wired to a Schmitt-trigger gate and flip-flop in the TIM
9904/SN74LS362 clock generator. This Schmitt trigger and flip-flop combination is specifically
designed for resetting the TMS 9900 microprocessor. The flip-flop is clocked on the trailing edge
of the phase 3 clock. The flip-flop output, MPRST-, is wired to the reset inputs of the TMS 9900
microprocessor, the TMS 9901 PIA, and to related logic such as the address decoders, 990 inter-
rupt logic, and unit change flip-flop.

In the absence of a reset input, the capacitor is maintained at a logic 1, approximately 5 volts. A
reset signal causes one of the output drivers to rapidly drain charge from the capacitor through
the open-collector output transistors, dropping to logic 0. The flip-flop in the clock generator,
FFQ, resets on the trailing edge of the next phase 3 clock, activating the microprocessor reset,
MPRST-.

The RC-network output remains low for the input puise duration, and then starts rising at a rate
limited by the capacitor charging rate through the 10K resistor. When the voltage reaches the
threshold level of the Schmitt trigger gate, the flip-flop input goes to one. The microprocessor
reset returns high on the trailing edge of the next phase 3 clock. The Schmitt trigger provides
reliable sensing of the input threshold without introducing output noise or jitter.

A microprocessor reset is a level 0 nonmaskable interrupt to the TMS 9900 device. MPRST- resets
the microprocessor and inhibits the write enable (MPWE-) and CRU clock (CRUCLK) outputs.
Releasing MPRST- forces a vectored interrupt at memory location 0000. The workspace pointer
and program count for the reset interrupt service routine (PWRENT) are stored at iocations G000
and 0002 in the control program ROM. This is a recovery routine which cleans up the loose ends of
any aborted operation, updates the controller status word, reloads default parameters in the RAM,
executes TFDC self-test, and returns to idle.

In addition to causing a microprocessor reset, the TILINE power reset (TLPRES-) resets the
TILINE |/F control logic and the drive unit interface logic. (TLPRES-) also enables a general reset
(RST-) to the TFDC logic. The trailing edge of RST3- is synchronized to the trailing edge of the
microprocessor clock (CLK3-) by the RSTSYNC- flip-flop.

2.6.4 TMS 9901 Peripheral Interface Adapter (PIA)

The TMS 9901 peripheral interface adapter is a multifunction integrated circuit which provides in-
terrupt handling, CRU input/output port expansion, and interval timer capabilities to the TMS 9900
microprocessor. Table 2-12 shows the TMS 9901 device pin assignments, and Figure 2-41 is a
basic functional block diagram of the PIA. Some documents refer to the TMS 9901 as a program-
mable systems interface (PSI). The logic drawings for the TILINE flexible disk controller use the
term PIA, as does this description.

The PIA has six dedicated interrupt input lines and an additional nine lines that may be pro-
grammed to operate as interrupt inputs or CRU ports. The PIA monitors the interrupt inputs and
checks the active interrupts against an interrupt mask to determine if they are enabled. Priority
logic selects the highest priority active interrupt, encodes the interrupt, and issues an active low
interrupt request. The interrupt request and interrupt code outputs match the TMS 9900 interrupt
input requirements.
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Table 2-12. TMS 9901 Pin Assignments and Functions

SIGNATURE| PIN 1/0 DESCRIPTION
INTREQ 11 | OUT| INTERRUPT Request. When active (low) o
INTREQ indicates that an enabled interrupt s 1 [ U J a0 vce
has been received. INTREQ will stay active cruout 2 [} J 33 so
until all enabled interrupt inputs are re- cauctk 3 I
moved. CRUIN 4 E ] 37 Pi
1CO (MSB) 15 | OUT| Interrupt Code lines. 1C0-IC3 output the _CE S g IE
1c1 14 | OUT| binary code corresponding to the highest INT6 6 L] ] 3 S2_
1C2 13 OUT]| priority enabled interrupi. |f no enabled '_1;5 7 E ] 34 INT7/P15
IC3(LSB) 12 | OUT] interrupts are active 1CO—I1C3 = (1,1,1,1). wra s (] 3 WTera
CE 5 IN Chip Enable. When active (low) data may be INT3 9 Y ] 32 '.N_.Tglm3
transferred through the CRU interface to ALY 331 ﬂw,ﬂz
the CPU. CE has no effect on the interrupt INTREQ 11 [ 30 T_T"IP"
control section. €3 12 E % » Eulﬂo
SO 39 IN Address select lines. The data bit being :2: :: ] :: ::—::i//:
S1 36 IN accessed by the CRU interface is specified o ‘SE ] % P2
S2 35 IN by the 5-bit code appearing on S0-S4, v 1 E ] % s3
S3 25 | IN 2SS
Nt 17 [ 120 sa
sS4 24 1IN iz 18 (] ] 23 iNT15/P7
CRUIN 4 OUT| CRU data in {(to CPU). Data specified by pe 19 [] 122 rs
S0-S4 is transmitted to the CPU by CRUIN. es 20 [ ] 21 Pa
When CE is not active CRUIN is in a high-
impedance state.
CRUOUT 2 N CRU data out {from CPU). When CE is active, data present on the CRUOUT input will be sampled during
CRUCLK and written into the command bit specified by S0-54.
CRUCLK 3 IN CRU Clock {from CPU). CRUCLK specifies that valid data is present on the CRUOUT line.
'RST1 1 IN Power Up Reset. When active {low) RST1 resets all interrupt masks to "0, resets ICO — IC3 = {0, 0, 0, 0), l
INTERQ = 1 disables the clock, and programs all 1/0 ports to inputs. RST1 has a Schmitt-triger input to
allow implementation with an RC circuit as shown in Figure 7.
Vee 40 Supply Voltage. +5 V nominal.
Vss 16 Ground Reference
? 10 IN System clock {3 in TMS 9900 system, CKOUT in TMS 9980 system).
INT1 17 | IN ]
INT2 18 IN || Group 1, interrupt inputs.
INT3 9] IN When active (Low) the signal is ANDed with its corresponding
@4 8 | IN mask bit and if enabled sent to the interrupt control section.
INTS 7 | IN [ INT? has highest priority.
INT6 6 IN ]
iNT7/ P15 34 1/0
INT8/ P14 33| I1/O
iNT9/ P13 32 1/0
INT10/P12 31| 1o , o
INT11/P11 30 110 | Group 2, programmable interrupt (active low) or 1/O pins (true logic). Each pin is individually programmable as
NTI 2/P1'0 29 /0 an interrupt, an input port, or an output port.
INT13/P9 28 1/0
INT14/P8 27 110
iNT15/P7 23 [¥]e]
PO 38 1/0
P1 37 1/0
P2 26 t/0
P3 22 | /0 [ Group 3, I/O ports {true logic). Each pin is individually programmable as an input port or an output port.
P4 Al 10
PS5 20 1/0
P6 19 1/0 |
2277348
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Figure 2-41. TMS 9901 PiA Block Diagram

The PIA contains seven dedicated CRU ports. The TMS 9900 may write to a port or read from a port
by executing a CRU instruction such as SBO (Set Bit to One), SBZ (Set Bit to Zero), LDCR (Load
CRU), STCR (Store CRU), or TB (Test Bit). Any 9900 CRU instruction uses a CRU base address in
workspace register 12 (bits 03-14) to develop an output address (0 to 4096) on the memory address
bus. This address specifies the CRU bit to be read or written. For read operations, the PIA
responds by placing the bit on the CRUIN line. For write operations, the TMS 9900 places the bit
on the CRUOUT line and strobes it into the PIA with a clock pulse, CRUCLK. During multibit
transfers, the TMS 9900 increments the output address after each bit transfer.

Nine of the PIA I/O lines are individually programmable to function either as active low interrupt in-
puts (INT7- through INT15-) or as CRU input/output ports. This programming must be performed
by the TMS 9900 after any power-up or microprocessor reset.

The CRU is used to program the PIA internal logic and to check PIA internal status. For example,

the interrupt mask bits are assigned CRU bit positions. Interrupt mask bits are set via the CRU,
and the interrupt mask may be read in the same manner.
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The PIA is clocked by inverted phase 3 (CLK3-) of the TMS 9900 four-phase clock. An interval timer
in the PIA counts pulses until a specified number is decremented to zero, generates a level 3 inter-
rupt, and reloads the initial number. The initial number that sets the interval is loaded into the PIA
over the CRU.

2.6.4.1 Microprocessor/PIA CRU Communication. The TMS 9901 occupies 32 bits in CRU read
space and 32 bits in CRU write space, as shown in Table 2-13. Many of these are multiple-use bits,
with functions determined by current PIA operating mode.

The TMS 9901 CRU interface consists of five address select lines, S0-S4, and the three CRU lines,
CRUIN, CRUOUT, and CRUCLK. Select lines S0-S4 are connected to the five least significant bits
of the microprocessor address bus, MPAD10-14, respectively. The chip enable (CE-) signal is
decoded from microprocessor address bits MPADO1, MPADO08, and MPADO9 during a CRU cycle.

There are a maximum of 4096 possible CRU addresses in a TMS 9900 microprocessor system. The
CRU and the memory system share the microprocessor address bus. A CRU operation is specified
if the three MSB address bits (MPADO00-02) are zeros and the memory enable output of the TMS
9900 is inactive (MEMEN- high). The other memory controi iines, DBIN and WE-, are also inactive
for CRU operations.

2.6.4.2 Interrupt Operations. The PIA has six dedicated interrupt lines and nine more muiti-
function lines which may serve as interrupts or CRU ports. All of these lines are latched into a syn-
chronizing register on the leading (falling) edge of the active low phase 3 clock input, CLK3-. The
latch outputs are inverted and ANDed with the corresponding outputs of a mask register. On the
trailing edge of CLK3-, the priority and encoding logic starts the process of detecting and en-
coding the highest priority active interrupt. The microprocessor interrupt request (MPINTREQ-)
and the four-bit interrupt code are latched into an output register on the leading edge of the next
CLK3- puise.

Once an interrupt input goes low, it must remain low until the interrupt condition is serviced and
cleared by the 9900 control program. The TMS 9900 clears an interrupt by a CRU write to a com-
mand bit dedicated to that interrupt. The exception is level 0, which clears itself after the specified
delay.

The interrupt mask bits may be individually set (interrupt enabled) or reset (interrupt disabled) by
CRU write operations to the mask bits. Any of the multipurpose lines which are used as data ports
rather than as interrupt inputs must be masked off to prevent false interrupts. Also, any interrupt
lines which are unused (including multipurpose lines) should be masked off to prevent noise-
induced interrupts.

CRU bits 1-15 are shared between the interrupt logic and the interval timer logic. The operating
mode of the PIA determines the function of these bits. To write to the interrupt mask, the PIA must
be in interrupt mode (bit 00 = 0). The operating mode may be determined by a CRU read to bit 00. It
may be changed by a write to bit 00. The mask may be loaded by a single TMS 9900 instruction
(LDCR) or by individual SBO and SBZ instructions.

2.6.4.3 Data Ports. The TMS 9901 includes seven dedicated data ports and nine multipurpose
ports that may be individually selected to serve as interrupt inputs or data ports. The interrupt
mask bits must be reset for all multipurpose lines that are used as data ports. Otherwise, the data
will generate false interrupts.
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Table 2-13. Select Bit Assignments for 9901 PIA

'Theory of Operation

Select CRU CRU
Bit SO S1 S2 s3 S4 Read Data Write Data
0 0 0 0 0 0 PIA mode! Set PIA mode
1 0 0 0 0 1 INT1-/CLK1? MASK1/CLK13
2 0 0 0 1 0 INT2-/CLK2 MASK2/CLK2
3 0 0 0 1 1 INT3-/CLK3 MASKS3/CLK3
4 0 0 1 0 0 INT4-/CLK4 MASK4/CLK4
5 0 0 1 0 1 INT5-/CLK5 MASKS5/CLK5
6 0 0 1 1 0 INT6-/CLK6 MASK6/CLK6
7 0 0 1 1 1 INT7-/CLK? MASK7/CLK7
8 0 1 0 0 0 INT8-/CLKS8 MASKS8/CLKS
9 0 1 0 0 1 INT9-/CLK9 MASK9/CLK9
10 0 1 0 1 0 INT10-/CLK10 MASK10/CLK10
11 0 1 0 1 1 INT11-/CLK11 MASK11/CLK11
12 0 1 1 0 0 INT12-/CLK12 MASK12/CLK12
13 0 1 1 0 1 INT13-/CLK13 MASK13/CLK13
14 0 1 1 1 0 INT14-/CLK14 MASK14/CLK14
15 0 1 1 1 1 INT15-/INTREQ? MASK15/RST2-4
16 1 0 0 0 0 PO Input PO Outputs*
17 1 0 0 0 1 P1 Input P1 Output
18 1 0 0 1 0 P2 Input P2 Qutput
19 1 0 0 1 1 P3 Input P3 Qutput
20 1 0 1 0 0 P4 Input P4 Output
21 1 0 1 0 1 PS5 Input PS5 Output
22 1 0 1 1 0 P6 Input P6 Output
23 1 0 1 1 1 P7 Input P7 Output
24 1 1 0 0 0 P8 Input P8 Output
25 1 1 0 0 1 P9 Input P9 Output
26 1 1 0 1 0 P10 Input P10 Output
27 1 1 0 1 1 P11 Input P11 Output
28 1 1 1 0 0 P12 Input P12 Output
29 1 1 1 0 1 P13 Input P13 Output
30 1 1 1 1 0 P14 Input P14 Output
31 1 1 1 1 1 P15 Input P15 Output
Notes:
11 = interrupt mode
0 = clock mode

2 Data present on INT- pin or clock value will be read regardiess of mask value.

* Mask bit may be used to enable or disable the corresponding interrupt (interrupt mode
only).

* Writing a zero to bit 15 (in clock mode) executes a software reset.
s Qutput data on a port may be read by the CRU.

¢ Writing data to the port programs the port for output.

? INTREQ is the inverted form of an interrupt request output.
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A hardware reset (RST1-) forces all interrupt mask bits to zero and forces all data ports (dedicated
or multipurpose) to input operation (high impedance). Therefore input operation is the default con-
dition of these lines. The software reset (RST2-) is a CRU bit that forces all ports to input opera-
tion, but does not reset the interrupt mask.

To force a port to function as an output, the TMS 9900 must write an output data bit (one or zero) to
that CRU address. The write operation programs that port to operate as an output until the next
hardware or software reset. A read operation to an output port samples the present output (one or
zero), but does not change the operation of the port. No external input signals may be connected
to an output port.

2.6.4.4 Interval Timer Operation. The interval timer divides the input clock frequency by 64 and
uses the low frequency clock to count down a 14-bit register. When the decrementer register con-
tents reach zero, a level 3 interrupt is issued (if interrupt mask bit 3 is set), and the decrementer
reloads and starts the count down cycle again.

The specified interval may be written into the clock register when the PIA is in the clock mode.
This value is not destroyed because the interval timer uses separate clock and decrementer
registers. For 3 MHz CLK3-, the clock register LSB represents a 21.3 microsecond interval, and
the maximum interval is 349 milliseconds, plus or minus 21.3 microseconds. During programming,
the decrementer restarts with an updated value after each interval bit is written. This allows a
single CRU bit to restart the timer. '

The interval timer may be disabled by writing a zero interval to the clock register. Clock interrupts
are disabled by writing a zero to the level 3 interrupt mask bit.

The contents of the decrementer register are copied into a read register. The contents of the read
register may be read back by placing the PIA in the clock mode and reading bits 1-15. The read
register is not updated while in the clock mode, so the clock value read back represents the
decremented count at the time of the mode change (to clock mode).

2.6.5 9900/9901 Interrupt and CRU Interface

The preceding paragraphs describe the TMS 9901 peripheral interface adapter as a device, without
regard to the way the device is connected in the TFDC. The PIA, a dual decoder, two 8:1 multi-
plexers, and an 8-bit addressable latch serve the TMS 9900 interrupt input and CRU input/output
requirements in the TFDC.

2.6.5.1 |Interrupts. Refer to Figure 2-42, which is a detailed block diagram of the interrupt and
CRU /O logic. The nonmaskable RESET- input of the TMS 9900 is wired to the microprocessor
reset (MPRST-) signal from the microprocessor clock and reset logic. All of the other TMS 9900 in-
terrupts are supplied via the TMS 9901 PIA. The active-low interrupt inputs to the PIA are listed in
Table 2-14.
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PIA interrupts and CRU Input/Output
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Theory of Operation

Table 2-14. PIA Interrupt Inputs

Level Signature Description

1 TLMERQ- “TILINE memory error.” A TILINE memory error signal is
generated by an error-detecting memory if that memory detects
a noncorrectable error on a TILINE read. TLMERQ- is cleared
within the TFDC by TILINE error clear (TLERRCLR-).

2 UNITCHANGE- Unit change. A change of drive selection (or any other external
slave write to WB6) or a microprocessor reset latches the
UNITCHANGE- interrupt. A TILINE error clear, generated as a
CRU output, is required to assure that the interrupt has been

serviced.
3 TESTB- External input is hardwired to logic 1.
(clock) Level 3 clock interrupt is generated internally by PIA program-

mable interval timer logic on expiration of a specified interval.
Clock interrupt may be cleared by microprocessor reset or by
writing a zero to 9901 interrupt mask bit 3.

4 TLTO- TILINE timeout. Timeout from TILINE master access logic that
indicates that a slave unit addressed by the TFDC did not
respond in the allotted time. Cleared by TLERRCLR-. To
achieve a high interrupt priority, the TLTO- interrupt is hard-
wired to set TLMERQ-. CRU interrogation determines whether
the interrupt was caused by a timeout or a memory error.

5 OVERUNINT- Data separator overrun. Indicates that the TILINE has not
transferred data fast enough to meet the data separator /O
transfer requirements (rate error). May occur when reading
from the diskette if the TILINE cannot transfer word n before
word n+1 is ready at the data separator output. May occur
when writing to the diskette if the TILINE does not supply word
n+ 1 fast enough for it to be properly recorded in relation to
word n. Cleared by data separator master reset (after syn-
chronization to PLLCLK).

6 IDLE Idie/busy interrupt. IDLE goes low when a control word W7 with
a 0 in the bit 0 position is received by the TFDC. This is a com-
mand to initiate controller operations, using the parameters
previously supplied in control words WO - W6. Cleared by
microprocessor reset, MPRST-, or by loading a one in the idle
status register via the register file bus. This is the lowest
priority interrupt.

Refer to Figure 2-43, the timing diagram for a typical interrupt and interrupt clear cycle. The active
low interrupt input to the 9901 is asynchronous to CLK3-, such as the TILINE timeout (TLTO-) in-
terrupt. The leading edge of the first CLK3- pulse gates this interrupt (and any other active inter-
rupts) into the PIA interrupt synchronization register. The trailing edge of CLK3- enables the
priority encoding logic.
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Theory of Operation

Assume that the interrupt mask bit for this interrupt is set (interrupt enabled). Also assume that
there are no other interrupts of higher priority which are both active and enabled by the mask
register. The priority encoding logic must select the highest priority active interrupt and develop
the 4-bit interrupt code and the interrupt request. This is a relatively slow operation, so a settling
time is shown in the timing diagram. The settling time is internal to the PIA; no outputs change
until the next CLK3- pulse.

On the leading edge of CLK3-, the PIA latches the interrupt request (MPINTREQ-) and the inter-
rupt code (MPIC0-3) on the output lines to the TMS 9900 microprocessor. MPICO is the MSB of the
interrupt code.

The MPU response time to an active interrupt request is determined by the operation in progress,
and whether this interrupt level is currently enabled in the TMS 9900 status word. The minimum
time between recognizing the active interrupt request and accepting the interrupt code is 3 clock
cycles for RESET-, 5 clock cycles for other interrupts. '

It is absolutely essential that the interrupt not disappear during the critical interval between
recognizing the interrupt request and accepting the interrupt code. TFDC interrupts are latched to
prevent this problem.

The break in the timing chart represents the time required by the TMS 9900 to accept the interrupt
code and proceed through the interrupt service routine to the point of clearing the interrupt. Most
of the interrupts, such as TILINE timeout, are cleared via a CRU operation.

CRU output address selection is synchronized to the leading edge of phase 2 microprocessor
clock. The CRU clock pulse (CRUCLK-) has a leading edge synchronized to phase 2 and a trailing
edge synchronized to the trailing edge of phase 3 (CLK3-). Phase 2 clock (inverted) is also shown
on the timing diagram.

The CRU address associated with the interrupt clear (TLERRCLR-) appears on the microprocessor
address bus at phase 2. The address steers the dual decoder to gate the CRUCLK input to the Y3
output (inverted form). When CRUCLK goes high, the active low decoder output (TLERRCLR-) un-
conditionally clears the interrupt. The CRU releases the address bus at the next phase 2.

The PIA operation for releasing the interrupt code and the interrupt request is synchronized to
CLK3-. The timing diagram assumes that no other interrupt input is active, so MPINTREQ- returns
high, and MPIC0-3 return to the all ones state.

2.6.5.2 CRU Operations. Listed below are the CRU input/output devices other than the TMS 9900
microprocessor:

e  Drive interface multiplexer (input only)

Test multiplexer (input only)

9901 PIA (input and output)

Data separator control register (output only)
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A CRU operation is addressed to a specific bit in the 4096-bit range allotted to the CRU. The ad-
dress decoding in the TFDC is separated into device enable decoding (from the most significant
bits) and individual bit addressing within the devices.

Refer to the detailed interrupt and CRU input/output block diagram, Figure 2-42. An SN74LS155
dual decoder, labeled “CRU device enable,” decodes address bits MPADO1, MPADO8, and
MPADO09. MPADO1, which must be zero for any CRU operation, serves as the decoder output
strobe. A hardwired one into section 2 of the decoder generates the device enable signals as
shown in Table 2-15.

Table 2-15. CRU Device Enable Decoder Outputs

MPADO08,09 Signature Meaning
00 CRUSELPIA- TMS 9901 PIA device select
0 1 CRUSELDIF- Select disk interface
10 CRUSELTST- Select test interface
0 1 *DSCRUCLK~ Active low enable to data separator control
register.
1 1 *TLERRCLR- Active low interrupt clear to TLTO, TLMER,

UNITCHANGE flip-flops.
Note:

* Active low output that coincides with the CRU clock pulse.

The base address for the PIA is 0000, which enables CRUSELPIA-. The individual bits are ad-
dressed in terms of displacements from the base address, as shown in Table 2-16. This table is
derived from the PIA select bit table in the PIA description.

Table 2-16. CRU Bit Assignments for 9901 PIA

Memory MPAD 9900
Bus (08,09 = 00) CRU CRU Program
Address* 10 11 12 13 14 Read Data Write Data Mnemonic
0000 0 00 0O PIA mode! Set PIA mode PIA
0001 0 0 0 0 1 TLMERQ-/CLK1? MASK1/CLK1? TLMER?,CLK1
0002 000 10 UNITCHANGE-/CLK2 MASK2/CLK2 UNITCH?
0003 0 00 1 1 CLKINT-/CLK3 MASK3/CLK3 CLKINT
0004 0 0100 TLTO-/CLK4 MASK4/CLK4 TLTO?
0005 0 0 1 0 1 OVERUNINT-/CLK5 MASKS5/CLKS DSOVRN
0006 0 0110 IDLE-/CLK6 MASK6/CLK6 IDLE
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Table 2-16. CRU Bit Assignments for 9901 PIA (Continued)

Theory of Operation

Memory MPAD 9900

Bus (08,09 = 00) CRU CRU Program
Address* 10 11 12 13 14 Read Data Write Data Mnemonic
0007 00111 Spare/CLK7 MASK7/CLK7 -
0008 01000 Spare/CLK8 MASKS8/CLKS8 -
0009 0100 1 Spare/CLK9 MASK9/CLK9 -
000A 01010 Spare/CLK10 MASK10/CLK10 -
000B 01011 TEST1-/CLK11 MASK11/CLK11 -
000C 01100 Spare/CLK12 MASK12/CLK12 CLKC
000D 0110 1 Spare/CLK13 MASK13/CLK13 -
000E 01110 Spare/CLK14 MASK14/CLK14 CLKF
000F 01111 Spare/INTREQ* MASK15/RST2- PIARST
0010 10000 Spare® SELO- SELO
0011 1 00 0 1 Spare SEL1- SEL1
0012 10010 Spare SEL2- SEL2
0013 100 11 Spare SEL3- SEL3
0014 i0 100 Spare Spare -
0015 1010 1 Spare DIR- DIR
0016 10110 Spare STEP- STEP
0017 101 1 1 Spare LOAD- LOAD
0018 11000 Spare WRTEN- WRTEN
0019 1100 1 Spare MDSLTST® MDSLTS
001A 11010 Spare TR43- TR43
001B 11 0 1 1 TEST1- Spare -
001C 11100 Spare ATO ATO
001D 11101 Spare AT1 AT1
001E 11110 Spare AT2 AT2
001F 111 11 Spare AT3 AT3
Notes:

* Memory bus address is derived within the TMS 9900 as the sum of a CRU base address in
workspace register 12 (bits 3-14) and a signed displacement in the instruction word, bits 8 -
15. The CRU base address loaded into R12 must be twice the lowest memory bus address.

For this table, R12 = 2 x 0000.

"
0

2 Interrupt mode function/clock mode function.

interrupt mode
clock mode

3 Mask bit may be used to enable or disable the corresponding interrupt input (interrupt mode

only). Mask bit 1, the exception, is set in the PIA.

*INTREQ is inverted form of interrupt request, MPINTREQ-.

® Inputs/outputs 0010 - 001F established by programming PIA after reset.

¢0
1

slave words 1XXX XXX XX XXXX
slave words 0XXXX XXX XXXX XXXX

" Error clear (TLERRCLR) at CPU address 0060 removes TLTO, TLMER, UNITCH error
conditions.
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It is also possible to assign a CRU base address to some block of bits within the PIA. For example,
it is desirable to treat the attention mask outputs (AT0-3) as a single block. The hardware base ad-
dress for this group is the hardware base address of the PIA plus the displacement to the lowest
numbered bit in the group. The hardware base address for the attention mask is 0000 + 001C =
001C.. A value twice as large (0038,) must be loaded into TMS 9900 workspace register R12
because the LSB of the software CRU base address is dropped in the addressing process.

For MPADO8, MPAD09 = 01, which corresponds to 0040 in workspace register 12, the data
separator control register and the drive interface multiplexer are selected by the CRU device
enable decoder. The data separator control register is an SN74259 8-bit addressable latch.

A CRU output instruction (SBO, SBZ, LDCR) places an address on the bus and the output data bit
on the CRUOUT line at the leading edge of phase 2. It then enables CRU clock 333 nanoseconds
later, on the next phase 2. The CRU clock is inverted in the CRU device enable decoder and is sent
to the addressable latch as DSCRUCLK-. The low DSCRUCLK- signal enables the addressable
latch to select an individual latch (based on LSB address bits MPAD12-14) and to load CRUOUT
into the latch. The address and CRUOUT line are active for a total of 666.6 nanoseconds (two clock
cycles at 3 MH2).

For a multibit output instruction, the cycle repeats with incremented addresses until the specified
number of CRU bits are loaded into the register. Notice that the device interface multiplexer is
also enabled during this cycle. The CRUIN output of the multiplexer is not sampled during an out-
put cycle, so enabling the multiplexer has no effect on the operation.

A CRU input instruction (TB, STCR) places an address on the bus on phase 2 clock and samples
the CRUIN line 250 nanoseconds later, on the trailing edge of the second phase 4 pulse. If the CRU
base address in R12 is 0040,; and the displacement is 7 or less, the drive interface multiplexer
steers an input to the CRUIN line. The inputs to the drive interface multiplexer, with the exception
of DSCRCER and DPONL, are status inputs from the selected drive unit as received and decoded
from the remote drive interface logic. Drive power on (DPONL) is a chassis status bit that specifies
if a remote chassis is on line. These signals are described with the drive interface logic. DSCRCER
is an error check signal that may be generated when reading back a sector header or a data record
from the diskette. This signal is described with the cyclic redundancy check (CRC) logic.

Table 2-17 shows the CRU input and output bit assignments for the data separator control register
and the drive interface multiplexer.

The TFDC on-board self-test programs require some data that is not otherwise required by con-

troller operations. The test multiplexer provides eight additional input lines as shown in Table
2-18.
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Table 2-17. CRU Bit Assignments for Disk Drive and Data Separator

Memory MPAD 9900
Bus (08,09 = 01) CRU CRU Program

Address* 10 11 12 13 14 Read Data Write Data Mnemonics
0020 0 0000 DPONL DSCNTLO- DPONL DSCNTO
0021 0 0001 RDY DSCNTL1- RDY DSCNT1
0022 00010 INDEX DSWMODE- INDEX DSWMOD
0023 000 11 WP DSPRECOMP! WP DSPREC
0024 00100 TS DSMFM? TS DSMFM
0025 00101 TROO DSRDTST TROO DSTSTM
0026 00110 DC FAULTLED- DC FLTLED
0027 00111 DSCRCER DSMRST- DCRCER DSMRST

Notes:

* Memory bus address is derived within the TMS 9900 as the sum of a CRU base address in
workspace register 12 (bits 3-14) and a signed displacement in the instruction word, bits 8 -
15. The CRU base address loaded into R12 must be twice the lowest memory bus address.

For this table, R12 = 2 x 0020 = 0040 (hex).

10 = write normal

1

write precompensated

20 = FM mode
1 = MFM mode
Table 2-18. Test Multiplexer Inputs
Signature Description

TLIFCNTRO MSB of current state, from TILINE I/F controller. High for any TILINE
operation.

TESTL Loopback test bit. Sent from the TFDC (as DIR) to the power supply/inter-
face board in the international chassis and looped back through the
remote interface to the TFDC drive interface.

INTA Interrupt A. High if an interrupt to the 990 computer is active, or if an in-
terrupt is waiting for the controller idle status to become active.

SLSW16- TILINE base address switch settings for the TFDC.

through :

SLsSwi12-
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Table 2-19. CRU Bit Assignments for Self-Test

Memory MPAD 9900

Bus (08,09 = 10) CRU Program
Address* 10 11 12 13 14 Read Data Mnemonics
0040 0 00 0O TLIFCNTRO TLIFCO
0041 0 0 0 0 1 TESTL TESTL
0042 000 10 INTA INTA
0043 000 11 SLSW16- SLSW16
0044 0 0100 SLSW15- SLSW15
0045 0 01 0 1 SLSW14- SLSW14
0046 00110 SLSW13- SLSW13
0047 00 1 11 SLSW12- SLSW12
Notes:

* Memory bus address is derived within the TMS 9900 as the sum of a CRU
base address in workspace register 12 (bits 3-14) and a signed displacement
in the instruction word, bits 8 - 15. The CRU base address loaded into R12
must be twice the lowest memory bus address.

For this table, R12 = 2 x 0040 = 0080,,.

The CRU base address (R12) is 0080, for the test inputs. Self-test CRU bit assignments are shown
in Table 2-19.

2.6.6 9900 Memory Bus Communication

The TMS 9900 memory bus consists of the microprocessor address bus (MPADOO-14), the
microprocessor data bus (MPDB00-15), and control lines (MPREADY, MEMEN-, DBIN, MPWE-),
The memory bus is used for the following types of communication:

. ROM instruction read

* 'RAM read/write

* TILINE address register/counter loading

U] Register file read/write

e  Special-purpose control functions
2.6.6.1 Memory Address Space. The address space of a TMS 9900 microprocessor covers 32 768
word addresses, or 65 536 byte addresses. Byte selection, where used, is internal to the TMS 9900
microprocessor. The memory bus always works with 16-bit words. Each word address is on an
even byte boundary. The memory address space is described in terms of CPU byte addresses

because these are the addresses which appear in the assembly language and machine language
instructions sets of the microprocessor.
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Figure 2-44 is a map of the memory address space in the TILINE flexible disk controller. The
addresses (in hexadecimal format) run from 0000 to FFFE. The first 4096 (0-1FFE) words of the
address space are control program read-only-memory (ROM) addresses. The permanent program
stored in the ROM controls, directly or indirectly, all of the TFDC operations, based on command
words WO0-W?7 and inputs from the TILINE and the drive units.

The first 14 ROM words are interrupt vectors for servicing the interrupts described in the interrupt
and CRU 1/O description. An interrupt vector consists of two values, a pointer to the workspace
associated with that interrupt, and a starting address for the interrupt service subroutine. These
two values must be stored in order. The workspace pointer (WP) should be followed by the pro-
gram counter (PC). The program counter points to an address within the control program ROM, but
the workspace pointer must point to an address in the read/write (RAM) memory, as workspaces
are dynamic scratchpads.

The next 30 ROM words are vectors that call self-test routines, special test routines, and the idle
routine. As with the interrupt vectors, each routine call vector is a WP-PC pair. These routines can
be considered as software external operations (XOPs) added to the basic TMS 9900 instruction
set.

The next group of ROM addresses contains tables of constants which are used throughout the
control program. For example, these constants include the form of the data marks and address
marks for FM and MFM recording, delay constants, masks, and test patterns.

One group of addresses is dedicated to commonly used, single-bit CRU instructions for control of
unit selection bits and attention mask bits. Grouping these commonly used functions so that they
may be identified by a label, or a label and a small displacement, saves many ROM locations.

The main control program starts at CPU byte address 00EC, and continues to the end of the ROM
address space.

CPU byte addresses 2000 to 7FFE are currently unused.

The 256-word scratchpad RAM extends from address 8000 through 81FE. Many of the scratchpad
addresses are labeled for dynamic storage of specific variables. The workspaces associated with
execution of control program routines and subroutines share the scratchpad with the variables.
The upper end of the scratchpad RAM is used for an instruction trace of the previous 12 command
word groups (W0-W7) from the 990 computer.

The block of addresses from 8200 through 8FFE are in the RAM address space (as specified by the
RAM chip select, RAMDBEN-) but are not currently implemented by memory devices.

Most of the rest of the address range up to FFFE is unused. These ranges of address space that
are not required by memory may be used for special purpose control functions. For example, a
read operation to address F800 is decoded to initiate a TILINE master read operation, and a write
operation to address FAQO initiates a TILINE master write operation. The use of spare addresses
for control functions is described in more detail with address decoding.

2.6.6.2 Address Decoding. The memory address space of the TMS 9900 covers a 64-kilobyte
range from CPU byte address 0000 to FFFF. The 9900 control program requires 8 kilobytes in the
range 0000 to 1FFE, and the scratchpad RAM requires 256 bytes in the range 8000 to 81FE. The re-
maining memory addresses are either unused or reserved for special control functions.
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The microprocessor address bus (MPADOQ-15) is driven by the address output of the TMS 9900
microprocessor. The address placed on the bus is determined by the instruction currently being
executed by the microprocessor. The control program ROM is the ultimate source of the address,
as it supplies the instructions executed by the 9900.

The address bus is shared between CRU operations and memory operations. The control signals
which accompany an address identify the type of operation. The memory enable (MEMEN-) signal
is active (low) for any memory operation, and the CRU clock (CRUCLK) is active (high) for CRU
operations.

Access to the microprocessor data bus (MPDB00-15) is controlled by the data bus in (DBIN) con-
trol signal from the microprocessor. DBIN, when low, indicates that the TMS 9900 data output
drivers are actively driving the data bus. Therefore, a low DBIN signal, with MEMEN- low, identi-
fies a memory write operation. This “write” operation may also be a data transfer from the
microprocessor data bus to another bus in the controller. These interbus transfers are treated like
a memory operation, with an address dedicated to the bus transfer operation.

DBIN, when high, indicates that the TMS 9900 data bus drivers are disabled so that a memory (or
other data source) may place data on the data bus lines. This ““read’”” operation may be a transfer of
data from another bus to the MPU data bus rather than an actual read from ROM or RAM. As stated
in the previous paragraph, interbus transfers may be treated as ordinary memory operations at a
dedicated address.

Refer to the address decoding logic, which is shown in Figure 2-45 and on sheet 3 of the TFDC
logic diagram. The address decoding logic monitors the higher order address bits to determine
within which of the preassigned ranges an address fits. Based on this range and the states of the
DBIN and MEMEN- control signals, the address decoding logic issues memory enable or control
strobe signals.

Most of the work of the address decoding logic is performed by two SN74S288 devices, Boolean
ROM #1 and Boolean ROM #2. These ROM devices are operated in partial cascade, with the
TLIFSEL output of ROM #1 serving as the MSB address input of ROM #2.

Table 2-20 and Table 2-21 summarize the address ranges and corresponding decoded outputs for
the Boolean ROMs.

Boolean ROM #1 outputs are used to enable the contro! program ROM, scratchpad RAM, data
separator or the TILINE/register file interface (via ROM #2). Notice that MPAD00, MPADO2, and
MPADO3 are utilized in the decoding, but MPADO1 is not connected to the ROM inputs. This
makes it appear that the ROM would respond identically to two addresses which differ by 16K
bytes. Because the dedicated addresses are chosen so that they are not separated by exactly 16K
bytes no actual problem occurs. Also notice that the data separator select signal is synchronized
to the trailing (rising) edge of CLK3- by a flip-flop. Synchronization to CLK3- eliminates skew due
to ROM access time.
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Table 2-20. Boolean ROM #1 Decoded Outputs

CPU Byte

Address Range Output Description

0000 - iFFE ROMDBEN-~ ROM data bus enabie. Chip seiect signai which enabies
the 99G0 control program ROM outputs onto the data
bus.

8000 - 8FFE RAMSELECT- Chip select signal which enables the scratchpad RAM.
The 256-word RAM occupies the range 8000 - 81FE. Ad-
dresses from 8200 - 8FFE are not used.

E000 - EFFE DSTOBUSEN- Data separator output bus enable. Enables data from
the data separator onto the microprocessor data bus.

D000 - EFFE DSSELD- Data separator select. Select data separator shift
register for input/output. Addresses used are:

D000 Send data to data separator

D020 Send MFM address mark

DOAO Send FM index mark

DOEO Send FM address mark

E000 Accept from data separator (coin-
cides with DSTOBUSEN- for data
read)

FO00 - FFFE TLIFSEL TILINE interface select. Effectively an enabling signal to
Boolean ROM #2, which decodes addresses associated
with TILINE input/output. Connected to MSB address in-
put of ROM #2.

All except

D000 - EFFE READYBFORCE READYBFORCE from Boolean ROM #1 and

READYAFORCE from Boolean ROM #2 force a
microprocessor ready (MPREADY) under most condi-
tions. READYBFORCE low is an interlock which holds
off MPREADY when transferring data to/from the data
separator. Under these conditions, a shift register ready
(READYSR) is required to enable the MPU in syn-
chronism with the data separator operation. An MPU
interrupt (MPINTREQ-) will also enable MPU operation.
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Table 2-21. Boolean ROM #2 Decoded Outputs

CPU Byte
Address Range Output Description

All Except READYAFORCE READYAFORCE from Boolean ROM #2 and F600, FAOQO,
READYBFORCE from Boolean ROM #1 F800 force a
microprocessor ready (MPREADY) condition for most condi-
tions. READYAFORCE low is a timing interlock used during
TILINE operations to hold off the microprocessor until
TILINE interface ready (TLIFRDY) reenables the MPU.
READYA- and READYB- must both be active to enable
MPREADY.

F200 TLADRLS- Load TILINE address LSBs. Loads 16-bit MPU data word into
the 16 least significant bit positions of the TILINE address
register/counter.

F400 TLADRMS- Load TILINE address MSBs. Loads least significant four bits
from MPU data word into the four most significant bit posi-
tions of the TILINE address register/counter.

F600, F800 TLIFTOBUS- TILINE interface to bus. Gates register file bus (RFBUS00-15)
outputs onto microprocessor data bus.

F800, FAOQ MPMASTD MPU select TILINE master cycle. Low to permit TILINE slave
operations.

F600, F800, MPTLIFD MPU-initiated TILINE interface or register file operation.

FAO00

F600, F800 MPRDD Microprocessor read. High for MPU read from TILINE or
register file.

Boolean ROM #2 outputs are dedicated to control of TILINE and register file operations. The
MEMEN- signal is not wired to ROM #2, but is implicitly included in the decoding because
MEMEN- active (low) is a required condition to enable TLIFSEL. The MPMAST, MPTLIF, and
MPRDD outputs of ROM #2 are used to initiate and direct operations of the TILINE I/F controller.
These signals are synchronized to the trailing (rising) edge of CLK3- before they are sent to the
TILINE I/F controller. Synchronizing these control signals eliminates any possible skewing due to
the access times of the Boolean ROMs.
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Notice the discrete logic gates and input signals that enable MPREADY (microprocessor ready).
MPREADY indicates to the MPU that the memory will be ready to read or write during the next
clock cycle. If MPREADY is low and the instruction being executed refers to memory, the MPU
enters a wait state and suspends internal operations until MPREADY returns high. All MPU out-
puts (except the WAIT line) are unchanged during the wait. On a write operation, the write data is
held on the microprocessor data bus so that a slower device may accept the data during the wait
period. On a read operation, the input data is not clocked into the MPU until after the wait. This
allows a slower device to delay MPU operation until the data is available at the MPU inputs.

Microprocessor operations are synchronous with the four-phase crystai-controlled clock
generator that produces CLK3-, microprocessor clock. The TILINE interface is asynchronous,
timing being dependent on such variables as slot position and current TILINE activity. The data
separator/encoder data rate is based on the time required for serial-parallel conversions of 16-bit
words and the allowable word spacing on the disk. Control of MPREADY allows the
microprocessor to read or write data that is not synchronized to the microprocessor clock.

READYBFORCE is high for all operations except those that involve data transfer to or from the
data separator. READYBFORCE low disables MPREADY and suspends microprocessor operation
until the shift register ready (READYSR) occurs. READYSR allows the MPU to resume syn-
chronous operation as if no delay had occurred. An interrupt condition such as a data separator
overrun will also restart the microprocessor.

READYAFORCE is high for ali operations except those that involve TILINE data transfer.
READYAFORCE low disables MPREADY and puts the MPU in a wait state until the TILINE inter-
face ready (TLIFRDY) occurs. The variable-length wait state adapts the MPU read or write cycle to
the TILINE interface.

Tables 2-22 and 2-23 are the HI-LO listings of the Boolean ROMs. Input and output signal names
have been added to clarify the listings. The corresponding CPU byte addresses have been placed
‘on each row in which an important control output is active. The listings apply to part numbers
2261701-0001, rev **, and 2261701-0002, rev **. If your unit has a different revision level, use the
standard listings, 2261891-9002 and 2261891-9003.

2.6.6.3 Microprocessor/ROM Communication. Figure 2-46 is a detailed block diagram which
shows the 9900 memory bus organization. The TMS 9900 reads an instruction or data word from
the control program ROM by placing an address in the range 0000 - 1FFE on MPADQ0Q-14, issuing
a memory enable (MEMEN- low) and disabling the TMS 9900 output data drivers (DBIN high). The
address decoding logic responds by issuing a ROM to data bus enable (ROMDBEN- low). The TMS
4732 ROM devices respond by placing the accessed word on the data bus.

Timing for this operation is shown in Figure 2-47. The microprocessor initiates the read cycle on
the leading edge of phase 2 clock by placing the address on the MPADOO-14 lines, forcing
MEMEN- low, and setting DBIN high. Microprocesssor write enable remains inactive (MPWE-
high). The address decode logic generates ROMDBEN-, enabling the ROM output drivers. The
access time of the TMS 4732 is approximately 450 nanoseconds after address selection.
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Table 2-22. Boolean ROM -1 Listing

Address CPU Byte
Binary Hex Address
00000 00 L H B j H H H H
00001 01 L H o H H H ') 0000-0FFE
00010 02 L H %é H H H H
00011 03 L H H H H H
00100 O4 L H H H H H
00101 05 L H H H H © 1000-1FFE
00110 06 L H H H H i
00111 07 L H H H H H
01000 08 L H H H H H
01001 09 L H H H H H
01010 0A L H H H H H
01011 0B L H H H H H
01100 0c L H H H H H
01101 6D L H H H H H
01110 0E L H H H H H
01111 OF L H H H H H
10000 10 L H H H H 8000-8FFE
10001 1L H H H H 8000-8FFE
10010 12 L H H H H H
10011 13 L H H H H H
10100 1ML © © H H H DOOO0-DFFE
10101 15 L H H H H H
10110 16 L H H H H H
10111 17 L H H H H H
11000 18 L H H H H H
11001 19 L ®© © © H H E000-EFFE
11010 1ML H H H ‘H H
11011 1B L H H H H H
11100 1C % H H H H H FOOO-FFFE
11101 1D H H H H H FOOO-FFFE
11110 1E L H H H H H
_111111 1F L H H H H H
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The memory data is not loaded into the TMS 9900 until the second phase 1 pulse after cycle initia-
tion. The data must be stable at least 40 nanoseconds before the phase 1 pulse leading edge, and
20 nanoseconds after the trailing edge. The phase 2 clock releases the bus control signals, and
ROMDBEN- returns high. The total time for this memory read cycle is approximately 666.6
nanoseconds, or two clock cycles.
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Table 2-23. Boolean ROM -2 Listing

Address CPU Byte
3 Address

10001 11 L L L H H © H H F200

10510 12 L L L H H H © H FL400

10011 13 L ®@ L H 