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WARRANTY

Notwithstanding any provision of any agreement the following warranty is exclusive:

The JOHN FLUKE MFG. CO., INC., warrants each instrument it manufactures to be free from defects in material and
workmanship under normal use and service for the period of 1-year from date of purchase. This warranty extends only to
the original purchaser. This warranty shall not apply to fuses, disposable batteries (rechargeable type batteries are
warranted for 90-days), or any product or parts which have been subject to misuse, neglect, accident, or abnormal
conditions of operations.

In the event of failure of a product covered by this warranty, John Fluke Mfg. Co., Inc., will repair and calibrate an instrument
returned to an authorized Service Facility within 1 year of the original purchase; provided the warrantor’'s examination
discloses to its satisfaction that the product was defective. The warrantor may, at its option, replace the product in lieu of
repair. With regard to any instrument returned within 1 year of the original purchase, said repairs or replacement will be
made without charge. If the failure has been caused by misuse, neglect, accident, or abnormal conditions of operations,
repairs will be billed at a nominal cost. In such case, an estimate will be submitted before work is started, if requested.

THE FOREGOING WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS, OR
ADEQUACY FOR ANY PARTICULAR PURPOSE OR USE. JOHN FLUKE MFG. CO., INC., SHALL NOT BE
LIABLE FOR ANY SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER IN CONTRACT,
TORT, OR OTHERWISE.

If any failure occurs, the following steps should be taken:

1. Notify the JOHN FLUKE MFG. CO.,INC., or nearest Service facility, giving full details of the difficulty, and include
the model number, type number, and serial number. On receipt of this information, service data, or shipping
instructions will be forwarded to you.

2. On receipt of the shipping instructions, forward the instrument, transportation prepaid. Repairs will be made at
the Service Facility and the instrument returned, transportation prepaid.

SHIPPING TO MANUFACTURER FOR REPAIR OR ADJUSTMENT

All shipments of JOHN FLUKE MFG. CO., INC., instruments should be made via United Parcel Service or “Best Way"*
prepaid. The instrument should be shipped in the original packing carton; or if it is not available, use any suitable container
that is rigid and of adequate size. If a substitute container is used, the instrument should be wrapped in paper and
surrounded with at least four inches of excelsior or similar shock-absorbing material.

CLAIM FOR DAMAGE IN SHIPMENT TO ORIGINAL PURCHASER

The instrument should be thoroughly inspected immediately upon original delivery to purchaser. All material in the
container should be checked against the enclosed packing list. The manufacturer will not be responsible for shortages
against the packing sheet unless notified immediately. If the instrument is damaged in any way, a claim should be filed with
the carrier immediately. (To obtain a quotation to repair shipment damage, contact the nearest Fluke Technical Center.)
Final claim and negotiations with the carrier must be completed by the customer.

The JOHN FLUKE MFG. CO., INC, will be happy to answer all applications or use questions, which will enhance your use of
this instrument. Please address your requests or correspondence to: JOHN FLUKE MFG. CO., INC., P.O. BOX C9090,
EVERETT, WASHINGTON 98206, ATTN: Sales Dept. For European Customers: Fluke (Holland) B.V., P.O. Box 2269, 5600
CG, Eindhoven, The Netherlands.

*For European customers, Air Freight prepaid.

John Fluke Mfg. Co., Inc., P.O. Box C9090, Everett, Washington 98206

Rev. 7/88
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1/Introduction

INTRODUCTION
WARNING

THESE SERVICING INSTRUCTIONS ARE FOR USE BY QUALIFIED
PERSONNEL. ONLY. TO AVOID ELECTRIC SHOCK, DO NOT PERFORM
ANY SERVICING OTHER THAN THAT CONTAINED IN THE USER
MANUAL UNLESS YOU ARE QUALIFIED TO DO SO.

The 2280 Series Service Manual is a service and maintenance guide to the
Data Logger. It complements four other volumes in the 2280 Series Manual
Set: the 2280 Series System Guide, the 2280 Series User Guide, the
2286/5 System Guide, and the 2286/5 User Guide.

The Service Manual covers standard mainframe and option assemblies, and
presents general maintenance, cleaning, performance testing,
calibration, and board-level troubleshooting procedures. Theory of
operation, parts lists and schematies are also included.

Information provided in this manual reflects the revision of the
instruments manufactured as of the revision date on the title page.

This Service Manual is intended for use by technicians and maintenance
personnel who need an in-depth coverage of the inner workings of the
2280 Series Data Logger. Information needed to maintain the Data Logger
as well as isolate problems to specific circuit board assemblies is
given in this manual. Once the defective assembly has been identified,
repair can be accomplished through our Module Exchange Program (MEP) in
most cases. MEP cannot be transacted in some countries. It is
recommended that you contact your local Fluke authorized Service Facility
(listed in Appendix B) to obtain instructions for replacement or repair.
Theory of operation sections and schematics are provided in this manual
to aid a qualified person in troubleshooting beyond the circuit board
level.
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How to Use This Manual
Describes the organization and use of the Service Manual.
General Information

Describes the Data Logger and its available accessories
and options. Required test equipment, shipping, and
factory service information are included here.

Theory of Operation

Covers the theory of operation for the Data Logger
mainframe. Option assembly theory is contained in the
individual option subsections of Sections 8, 9, and 10.

Maintenance

Describes maintenance of the instrument. Cleaning
instructions and internal access procedures are included
here.

Troubleshooting

Consists of diagnostic self-tests and performance tests
designed to isolate a malfunction to the circuit board
level. Component level troubleshooting may be performed
using the Theory of Operation (Section 3) and Schematic
Diagrams (Section 7).

List of Replaceable Parts

Contains parts lists for the Data Logger mainframe and
gives parts ordering information. Option assembly parts
lists are in the individual subsections of Sections 8, 9,
and 10.

Schematic Diagrams

Presents Data Logger mainframe schematics on foldout
pages. Schematics for option assemblies are located in
the individual option subsections.

Options -160 Through -169

Covers Options -160 through -169 in subsections ordered
numerically by option number. Includes theory of
operation, maintenance procedures, performance validation
procedures, calibration instructions, schematics, and a
replacement parts list.
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Section 9

Section 10

Section 11

Options -170 Through -179

Covers Options -170 through -179 in subsections ordered
numerically by option number. Includes theory of
operation, maintenance procedures, performance validation
procedures, calibration instructions, schematics, and a
replacement parts list.

Options -200 and Above

Covers Options -200 and above in subsections ordered
numerically by option number. Includes theory of
operation, maintenance procedures, performance validation
procedures, calibration instructions, schematics, and a
replacement parts list.

Appendices

A Specifications

B Fluke Service Centers

C Manual Change Information

D Differences Between 2280A, 2280B, 2285B, and 2286A



1/How to Use the Manual Set

HOW TO USE THE MANUAL SET
) 2280 Series and 2286/5 User Guide

These books describe the Data Logger from top to bottom. The 2280 Series
User Guide is specifically written for the 2280A and 2280B. The 2286/5
User Guide is written for the 2286A and 2285B. A beginner could use them
as a complete course in programming the Data Logger in a data
acquisition system; whereas, a more experienced user would probably only
need parts of them for orientation and quick reference. An untrained
operator will find all the basics here as well.

2280 Series and 2286/5 System Guide

These manuals describe all aspects of 2280A, 2280B, 2285B, and 2286A
installation in a data logging system. The System Guide serves as a
complete course in defining the user's data logging functions,
identifying system requirements, making the necessary hardware
connections, and verifying correct operation. An inexperienced user may
need all this information to get the Data Logger up and running. A user
who is already familiar with data logging may only need to refer to this
information occasionally. In either case, each element of the
installation process is easily accessible and fully referenced.

2280 Series Service Manual

The Service manual, which is primarily a maintenance guide to the 2280
Series Data Loggers, covers general maintenance, cleaning, performance
testing, calibration, and board-level troubleshooting procedures. The
Service Manual also includes theory of operation, parts lists and
schematic diagrams for mainframe and option assemblies.
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1/Notation Conventions

NOTATION CONVENTIONS

(o)

Reference to the Instrument

Generally, the instrument is referred to as the "2280 Series Data
Logger." The terms "2280" or "Data Logger" are also frequently used
for brevity. These terms are all-encompassing, referring to the
2280A, 2280B, 2285B, and 2286A. Differences between these three
models are defined in the Appendices to this manual.

Printed Circuit Board Assemblies

The notation "PCA" (printed circuit assembly) is used when
referring to printed circuit board assemblies.

Logic Polarity of Signals

Throughout the theory of operation sections of the Service Manual,
logic signals whose names are followed by "(L)" are asserted or
active low. The same signal also appears as SIGNAL(L) on the
schematic. When a signal followed by "(H)" has no parenthetical
postscript, it is active or asserted high.

Address Notations

Memory addresses in hexadecimal and address ranges, where
specified, are inclusive. That is, address range 0000 to 2000
includes addresses 0000 and 2000.

Keystroke Notations

The Data Logger uses literal notation for keyboard entries.
Therefore, programming examples found in this manual are presented
exactly as they should be entered from the keyboard.

Some other notation conventions used to identify and differentiate
keyboard entries are:

(xxx) Requests a required input of your choice. For example,
"NOT (operand)" inverts the logical value of the operand
in parentheses and requires you to specify the operand.

XXX Here, the name of the input should be typed exactly as

shown. For example, "TIME" requires that you enter the
literal word "TIME" into the keyboard.

1-6
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DESCRIPTION

The data logger functions as a programmable electronic notebook, that
takes and records measurements in a wide variety of ways. The data
logger is operated and programmed through the front panel keys or
through an optional interface from a remote host device. Programming is
prompted in English and menu-driven, so that a special programming
language is not required. The front panel of the data logger contains
operating and programming keys, a 40-character alphanumeric display, and
a 40-column thermal printer. A cartridge tape drive unit, Option
2280A-214, is available for the 2280A and 2280B. The 2286A contains, as
a standard feature, a 3.5 inch microfloppy disk drive system.

One data logger mainframe can service up to 100 analog channels or 120

digital data channels. System channel capacity can be increased to 1500 by

adding Model 2281A Extender Chassis to house additional I/0 options.

In addition to the data acquisition ability, the data logger has
extensive computational power that allows it to perform complex data
reductions. Combinations of addition, subtraction, multiplication, and
division functions may be used to convert raw data to relevant values.
Option 2280A-211 Math Coprocessor provides square root, exponentiation,
trigonometric functions, standard deviation, logarithms, and Boolean and
other logical operator functions. The Math Coprocessor also enhances
data throughput by assisting with operations that the data logger
Controller normally handles alone.

Front Panel Controls

Figure 2-1 shows the operating and programming keys located on the data
logger front panel. The programming keys are covered by a snap-on cover
with a thumb latch on the right edge. These keys are called programming
keys because they are only used for programming functions. The operating
keys are located to the right of the programming keys and can be used
when the keyboard cover is in place. Depending on the system you have,
refer to the 2280 Series, or the 2286/5, System and User Guides for
programming and operating instructions.

Rear Panel Components and Connectors

The components and connectors located on the rear panel of the Data
Logger are shown in Figure 2-2. Six horizontal slots are available for
installing scanners, A/D Converters, and other measurement and control
options. To the left of the horizontal option slots are two vertical
slots, Port A (closest to the horizontal slots) and Port B (shown in
Figure 2-2 with the IEEE-U488 Interface Option installed). Ports A and B
accept interface options that allow the data logger to communicate with
peripheral devices. Port A can be used to output data or to program and
operate the data logger from a terminal or computer host device, but
Port B can only be used to output data.
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2/Power Requirements

Fuses, power inputs, and two connectors are mounted in the main panel on
the extreme left side of the data logger as viewed from the rear. The
uppermost connector, J23, is the Extender Chassis Connector. Just below
J23 is the Hardware Trigger and Master Alarm Output Connector, J25. Two
screw-terminal connections and a ground terminal are provided in the
center of the rear panel for dc power input and earth ground connection.
Two input fuses are located just below the dc input terminals, and the
ac line input connector is located at the bottom of the rear panel.

Power Requirements

The data logger operates on any of four ac line voltage ranges: 100V ac,
120V ac, 200V ac, or 240V ac. Line voltage variance of 10% is acceptable
on all input voltage ranges except the 240V range. In the 240V ac range,
maximum input voltage is limited to 250V ac. Line frequency for all ac
voltage inputs may be either 50 Hz or 60 Hz. The data logger also
operates on 12V dc power input. The data logger automatically switches
to dec voltage operation if the ac line input is interrupted while a dc
source is connected to the rear panel terminals. Both the ac and dec
power inputs are fuse protected. Fuse F1 protects the ac input circuit
and fuse F2 protects the dc input circuit. Refer to the rear panel decal
or Table 4-1 for correct fuse ratings for each voltage range. See
Section U4 for fuse replacement procedure.

Two switches, located on the edge of the transformer assembly closest to
the front panel, are used to select any one of the four possible ac input
voltage ranges. Refer to the line voltage selection procedure in Section
4 when setting the line voltage switches.



2/Required Test Equipment

REQUIRED TEST EQUIPMENT

Test equipment required for all data logger performance tests and
calibration procedures is summarized in Table 2-1. Equipment required
for each test is also listed with the procedure in the applicable
section or subsection.

Table 2-1. Summary of Required Test Equipment

INSTRUMENT

REQUIRED SPECIFICATIONS RECOMMENDED MODEL

DC Calibrator

+31.3 mV +/- 20 uv Fluke Model 343
+2.048V +/- 50 uv
-2.048V +/- 2 uV of +2.048
500 mV +/- 20 uV
6.2V +/- 155 uV
6.8V +/- 0.1V
5.0V +/- 100 uV
7.9V +/- 200 uV
63V +/- 800 uv
(used only for one optional test)
1.008V +/- 40 uv

100:1 Divider

+/- 0.005% Fluke Accessory Y2022

DC Voltmeter

+10V +/- 0.06V Fluke Model 8502A
50.0 mV +/- 0.001 mV
500.0 mV +/- 0.005 mV

Resistor 1 kilohm +/- 5%, 1/2 W Fluke Part # 108597
Resistor 10 kilohm +/- 5%, 1/2 W Fluke Part # 109165
Resistor 8 ohm +/- 0.25%, 1/2 W Fluke Part # 641449
Room Temperature  .......... i iieeees

0il or Water Bath

Mercury 0.02 “C resolution Princo ASTM-56C
Thermometer

Calibration - .......... Fluke Part # 648741
Extender/Fixture

Digital Extender
Assembly

.......... 2400A-4021
Fluke Part # 486910
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OPTIONS, ACCESSORIES, AND OTHER RELATED EQUIPMENT

All options available for the 2280 Series data loggers at the time of
this printing are listed in Table 2-2. All Accessories are listed in
Table 2-3. Table 2-U4 lists other related equipment for use with the data
logger. Refer to Sections 8, 9, and 10 of this manual for further
information on data logger options. Refer to Section 11D for information
on Instrument/Option incompatibility.

Table 2-2. Data Logger Options

OPTION NUMBER NAME FUNCTION

22804-160 AC Voltage Input AC to dc conversion, voltage division,
Connector screw-terminal connections (for use

with Option 2280A-162).

2280A-161 High Performance A/D Analog-to-digital converter, dual
Converter slope integration.

2280A-162 Thermocouple/DC Volts Scans 20 channels, 1 microvolt, 3
Scanner poles per channel (for use with
Options 2280A-160, 2280A-171,
2280A-175, or 2280A-176).

2280B-163 RTD/Resistance Scanner Scans 20 channels, 4 poles per
channel, 1 pole per decade, precision
current source excitation (for use
with Option 2280B-177). Cannot be
used in the 2280A.

2280A-164 Transducer Excitation Contains one precision 2V or 4V
source and five precision 1 mA
current sources (for use with
Option 2280A-174 and 2280A-162).

2280B-167 Counter/Totalizer Measures frequency or counts events
on six channels. Cannot be used in
the 2280A or 2285B.

2280A-168 Digital I/0 Assembly Provides 20 single-bit channels for
Alarm or Status input or output or
for bed or binary input (for use with
Options 2280A-169 or 2280A-1T79).

2280A-169 Status Output Provides 20 screw-terminal connections
Connector for external digital devices (for use
with Option 2280A-168).
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Table 2-2. Data Logger Options, cont.

OPTION NUMBER

NAME

FUNCTION

2280B-170 Analog Output Four-channel current (4 to 20 mA) or
voltage (OV to 10V or -5V to +5V)
outputs, 12 bit. Cannot be used in
2280A or 2285B.
2280A-171 Current Input Provides 20 current input connections
Connector each with a shunt resistor (for use
with Option 2280A-162).
2280A-1T4 Transducer Excitation Provides screw-terminal connections
Connector for voltage and current sources (for
use with Option 2280A-164).
2280A-175 Isothermal Input Provides screw-terminal connections
Connector for 20 thermocouple input channels
(for use with Option 2280A-162).
2280A-176 Voltage Input Provides screw-terminal connections
Connector for 20 voltage input scanner channels
(for use with Option 2280A-162).
2280B-177 RTD/Resistance Input Provides screw-terminal connections
Connector for 20 channels of 3- or 4-wire RTD or
resistance measurement (for use with
Option 2280B-163). Cannot be used in
2280A.
2280A-179 Digital/Status Input Provides screw-terminal connections
Connector for binary or status digital input
signals (for use with Option
2280A-168) .
2280A-211 Math Coprocessor Provides complex mathematical
(formerly Advanced computation capability for the
Math Processor) data logger.
2280A-214 DC-100 Cartridge Tape Cartridge tape program and data
Drive storage and retrieval option. (For
use with the 2280A or 2280B
Data Logger.)
2280A-341 RS-232-C Interface Provides full duplex serial data

communication with selectable baud
rate and parity.
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Table 2-2. Data Logger Options, cont.

OPTION NUMBER NAME FUNCTION

2280A-342 IEEE-U488 Interface Provides parallel communication with
external devices compatible with the
IEEE-488 standard.

2280A-UGK 2280A Upgrade Kit Fluke Service Center provides and
installs kit to upgrade a 2280A to
a 2280B (see Appendix D in the Service
Manual for differences between 2280A

and 2280B).
2280X/2286A-UGK 2280A or 2280B Fluke Service Center provides and
Upgrade Kit installs kit to upgrade a 2280A or

2280B to a 2286A (see appendix D in
the service manual for differences
between 2280A, 2280B, and 22864A).

2285B/2286A-UGK 2285B Upgrade Kit Fluke Service Center provides and
installs kit to upgrade a 2285B to a
2286A (see appendix D in the service
manual for differences between 2285B,
and 22864A).

2-9



2/Accessories

Table 2-3. Accessories for the Data Logger

ACCESSORY

DESCRIPTION

Y8091 DSDD 3.5 inch
Microfloppy Disks

Y8092 DSHD 3.5 inch
Microfloppy Disks

Package of 10 disks for use with
2286A only.

Package of 10 disks for use with
2286A only.

Y2042 DC-100A Cartridges

Package of five tape cartridges for
use with Option 2280A-214 DC-100
Cartridge Tape Drive.

Y2044 Rack Slide Kit

Slide kit for mounting the Data
Logger or the 2281A Extender Chassis
in a 19-inch-wide, 2U4-inch-deep
equipment rack.

Y2045 Rack Mount Kit

Mounting flanges for installing the
data logger or the 2281A Extender
Chassis in a 19-inch-wide,
24-inch-deep equipment rack.

Y2046 Thermal Printer Paper
(10-pack)

Paper for the data logger Printer.
Each roll contains 4000 lines.

Y1060 Serial Link
Multi-Connector

Interconnection unit for connecting
the multiple 2281A Extender Chassis to
the data logger.

Y2050 Data Logger Programming Forms

Tablets of preprinted forms to aid
in developing data logger programs.

Fluke Part # 486910
Digital Extender PCA

Allows the vertical digital boards
to be extended out from the
mainframe for troubleshooting.

Fluke Part # 648741
Calibration Extender/Fixture

Allows the horizontal circuit
boards to be extended out from the
mainframe for calibration or
troubleshooting.

2-10
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2/Related Equipment

Table 2-4. Other Related Equipment For Use With the Data Logger

ITEM

DESCRIPTION

Fluke Model 2281A Extender Chassis

Allows adding extra data logger
channels by housing additional
option assemblies.

Fluke Option 2281A-402 Extender
Chassis Cable

Cable to connect a 2280 Series Data
Logger to a 2281A Extender Chassis or
to link two 2281A Extender Chassis.
Ordered in lengths from 1 to 1000
meters.

Fluke Option 2281A-403 Connectors
for Extender Chassis Cable

Connectors for each end of a
2281A-402 Cable. Installed onto the
cable at the factory.

Fluke Option 2281A-431 Power
Supply for the 2281A Extender
Chassis

Optional power supply for the 2281A
Extender Chassis. Used for remote
operation in some cases.

Fluke Accessories Y8021, Y8022,
and Y8023 IEEE-488-Compatible
Cables

Used to connect the data logger (with
Option 2280A-342 installed) to
IEEE-488-compatible devices.

Fluke Accessories Y1707, Y1708,
and Y1709 RS-232-C Cables

Used to connect the data logger (with
Option 2280A-341 installed) to a
device with an RS-232-C port.

2-1



2/Shipping Information

SHIPPING INFORMATION

The data logger mainframe is packaged with foam end caps in a cardboard
shipping container. This container also contains a smaller box holding
the manual set, the line cord, a tablet of programming forms, extra
rolls of paper, the keyboard and printer doors, the connector and
housing for the trigger input, and the master alarm output connector.

Upon receipt of the instrument, inspect the shipping container for any
possible shipping damage. Special instructions for inspection and claims
are included on the shipping container.

If it is necessary to reship the instrument, use the original container.
If the original container is not available, a new one can be obtained
from the John Fluke Manufacturing Co., Inc. upon request.
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SERVICE INFORMATION

The data logger is warranted for a period of one year upon delivery to
the original purchaser. The warranty is located on the back of the
title page in the front of this manual.

Factory authorized calibration and service for each Fluke product is
available at various locations worldwide. A complete list of these
service centers is provided in Appendix B, located in Section 11 of this
manual. If requested, an estimate will be provided to the customer
before any work is begun on an instrument whose warranty period has
expired. Maintenance plans are available to maintain the data logger at
your site, to supplement the normal warranty period, or to do both. For
specific information, contact your nearest Fluke Technical Service
Center or Sales Representative.
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3/Introduction

INTRODUCTION

This section of the Service Manual contains the theory of operation for
2280 Series Data Logger standard mainframe assemblies. Theory of
operation explanations are supported by block diagrams, simplified
schematics, and tables where necessary to clarify concepts. All data
logger standard assembly schematics are on fold-out pages in Section 7,
which you can refer to while reading the text by folding them open and
out away from the manual.

Installation and configuration instructions for the Data Logger are
located in the 2280 Series System Guide or 2286/5 System Guide.
Operating and programming instructions and reference material are
located in the 2280 Series User Guide or 2286/5 User Guide.

Many options are available to provide the Data Logger with many

measurement, control, logging, and interface functions. Theory of

operation discussions and schematics for Data Logger options are

included in individual option subsections of Sections 8, 9, and 10.
NOTE

The Math Coprocessor (Option 2280A-211) was formerly named
Advanced Math Processor.
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OVERALL FUNCTIONAL DESCRIPTION

Figure 3-1 provides a simplified block diagram illustrating the
interrelation of the major parts of the Data Logger. Referring to it
while reading the overall functional description will help clarify how
the Data Logger assemblies work together.

At the heart of the Data Logger are the controller and memory
assemblies. The controller is a Z-80-microprocessor-based CPU that
commands all operations and functions of the Data Logger. The controller
shares the use of the memory assembly with the optional Math Coprocessor
assembly. The controller, memory, and Math Coprocessor assemblies are
linked by the shared memory bus, which consists of an address bus and a
data bus for the controller, and an address bus and a data bus for the
Math Coprocessor option.

The Data Logger controller also communicates with other assemblies using
the Serial Link and the PIO Bus. The busses are described in the next
two paragraphs, and their communication protocols are described in
greater detail under the heading, "Details of Interprocessor
Communication," following the block diagram analysis.

The serial link connects the 2280 Series mainframe CPU assembly with all
measurement and control options, which include the a/d converter,

digital I/0 options, and analog I/0 options in the Data Logger system.

To communicate with all option assemblies, the serial link circuitry (on
the power supply assembly) translates TTL-level signals from the

controller into RS-422 signals. The RS-422 signals are sent and received
through two pairs of conductors. Through one pair, the controller transmits
while all options listen. Through the other pair, an option selected by the
controller can transmit only to the controller.

The PIO bus is an 8-bit parallel bus that carries messages between the
controller assembly and the logging and interface assemblies. The
logging and interface assemblies are the Display/Keyboard assembly, the
Printer assembly, the microfloppy disk assembly, the DC-100 Cartridge
Tape option, the IEEE-U88 Interface option, and the RS-232-C Interface
option.

Operating voltages from the power supply are delivered to the controller
and all other blocks on the serial link over the serial link. A separate
power supply bus delivers power to all blocks linked to the device bus.

The following summary breaks the Data Logger down into its major circuit
blocks and briefly describes the function of each. The circuit analysis
explains in detail how each of the the major blocks operates. The major
blocks in the Data Logger are discussed in the following paragraphs in
the same order they are presented in the circuit analysis.
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Motherboard

The motherboard provides interconnection between the various data
logger assemblies through the PIO bus and the connectors mounted on
the motherboard. Power is also distributed to all assemblies
through the motherboard.

Transformer

Both ac and dc power, after entering the Data Logger through rear
panel terminals, passes through the transformer assembly. Ac power
is rectified and filtered to provide an unregulated +dc voltage to
the power supply assembly. Dc power, which can be used as primary
or backup power for the instrument, is switched to the power supply
assembly when needed. Additional circuitry on this assembly trickle
charges the 12V battery connected to the rear de input terminals.

Power Supply

The power supply converts a non-regulated dec input voltage, called
+dc on the schematic and in the circuit analysis, into several
regulated and protected output voltages. The power supply input
voltage (+dc) is obtained from the transformer assembly and ranges
from 10 to 22 volts.

Two of the outputs provide current-limited, regulated dec voltages
of +5 volts and +24 volts. The power supply also outputs -12 volts
and a voltage called +5B that varies between +3 and +5 volts for
charging the memory-hold battery. All outputs are supplied to the
Data Logger mainframe through the motherboard, while +24 volts is
supplied to extender chassis through a serial link connector and
cable. The power supply also contains circuitry that generates
three TTL-logic reset signals, alarm, and trigger signals.
Communication circuitry on the power supply assembly translates
TTL-level signals from the controller into RS-422 signals for
communication with all devices on the serial link.

Controller

Together with the memory assembly, the controller assembly forms
the heart of the Data Logger. The controller is centered around a
Z-80 microprocessor that coordinates communication with, and
control of, all parts of the Data Logger. The controller connects
to the serial link, the PIO bus, and the shared memory bus for
communication with every part of the Data Logger. A non-volatile
(battery-powered) real time clock on the controller keeps track of
date and time while the instrument is turned off.
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o} Memory

The memory assembly contains most of the ROM accessed solely by the
controller, and all the RAM shared by the Math Coprocessor option and
controller. The ROM and RAM portions of the memory are separate,
allowing the controller to access the ROM at the same time the

Math Coprocessor option accesses shared RAM. Simultaneous access of
shared RAM by both the Math Coprocessor option and the controller
assembly is prevented by a bus-arbitration circuit which places one

of the two simultaneous requesters in an idle state. RAM components
are powered by the +5V battery supply at all times to ensure that

the RAM contents are retained while the instrument is off.

The memory assembly is linked to the controller by the controller
address bus and the controller data bus. The Math Coprocessor option
communicates with the memory through the math address bus and the
math data bus.

o} Display

The Display assembly performs four functions. They are,
communicating with the controller, controlling the dots of the
vacuum Fluorescent display, controlling the buzzer, and scanning the
keyboard for keystroke entries. The Display assembly's
microprocessor communicates with the controller over the PIO bus.

o Printer

The printer is a 40-column thermal printer that is controlled by
circuitry on two circuit boards: the printer interface board and
the printer driver board. The printer interface board, which plugs
into the motherboard, contains the circuitry necessary to interface
with the controller over the PIO bus and to drive the printer
motors. The printer driver board, which connects to both the
thermal printer and the printer interface board, contains the
circuitry that drives the printheads.

0 Disk Drive (2286 only)

The 2286 provides an internal 3.5 inch microfloppy disk drive
controlled by a single interface board. The interface board
contains all the hardware needed to communicate over the 2286
internal PIO bus and control, read from, and write to the
microfloppy drive.
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DETAILED DESCRIPTION
Motherboard

The Motherboard provides interconnection between the various Data Logger
assemblies. Printed circuit board edge card connectors are mounted on
both sides of the motherboard. Each connector on the side of the
motherboard facing the front of the instrument accepts only one type of
assembly. Each assembly that is installed in the front portion of the
instrument has a dedicated position for installation. The horizontally
positioned connectors on the rear side of the motherboard accept all
serial link and scanner options. Connectors J2[A:F] provide serial link
communication signals and 24V dc power. Connectors J1[A:F] allow serial
link options (A/D Converters) to interface to other options (Scanners)
installed below them.

Transformer

Both ac and dec power, after entering the Data Logger through rear panel
terminals, passes through the Transformer Assembly. Ac power is reduced
in voltage by transformer T1, rectified through diodes CR1 and CR2, and
filtered using capacitors C1, C2, and C3 to provide an unregulated dc
voltage to the Power Supply Assembly. Dc power, which can be used as
primary or backup power for the instrument, is switched to the Power
Supply Assembly when needed. CR3 provides this switching when the ac
input power is disconnected. Circuit components Q1, CR6, CR7, R7, and R8
provide a trickle-charge current to the battery when ac input power is
connected and the instrument is turned on.

Power Supply

The Power Supply Assembly has five separate circuit blocks as
illustrated in Figure 3-2. The main functional blocks are the +5 and -12
volt supply, the +24 volt supply, the +5B backup circuit, the reset
circuitry, and the communication circuitry. Each block is described
under a separate heading.

+5 VOLT AND -12 VOLT SUPPLY

The +5 volt and -12 volt power supply is a pulse-width modulated (PWM)
regulator and converter (refer to the simplified schematic, Figure 3-3).
The supply converts the +dc voltage received from the transformer
assembly into +5 volts dec and -12 volts dc. The +5 volt portion is a
step-down, or buck regulator, while the -12 volt portion is a flyback
pre-regulator that requires additional output regulation. The PWM
section runs at a frequency of 50 kHz and is synchronized with the +24
volt supply PWM regulator. The +5 volt output remains within Y4 percent
of 5.1 volts, and is current-limited to 5 amperes.

When the signal START5 is asserted, or released to the high state, the PWM

slow-starts until the +5 volt output is within tolerance. De-asserting
START5 immediately shuts off the switching supply.
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Internally, the +5 and -12 volt supply is regulated as follows. The PWM
IC (U8) senses the +5 volt output through a resistive divider made up of
R58 and R59, and compares the voltage to a 2.5 volt reference voltage
generated by U5. The PWM IC adjusts the duty cycle of the total period
set by resistor R55 and capacitor C29 by turning transistor Q3 on and
off to keep the average output voltage at a nominal 5.1 volts. Capacitor
C29 also limits the maximum duty cycle to 95%, while C33, R54, and C27
tailor the closed-loop system frequency response for maximum bandwidth
with stability.

When Q3 is on, current ramps up through inductor L2, to increase the
voltage across C12, store energy in both components, and supply power to
the load. When Q3 is shut off by the PWM IC, current ramps down through
Schottky diode CR10 and inductor L2, as energy is drawn from L2 to
supply C12 and the load for the remainder of the 50 kHz period. This
also forward biases diode CR10, clamping the cathode at approximately
-0.4 volts. Some timing relationships and general voltage levels for
both the +5 volt and +24 volt supplies are shown in the timing diagram,
Figure 3-4.

The gate drive for MOSFET transistor Q3 is a bootstrap circuit comprised
of Q7, CR17, R51, R52, and C31. To turn Q3 off, Q7 is turned on by the

PWM, pulling the gate of Q3 near ground, and reducing the gate-to-source
voltage below its threshold value. At the same time, charge is stored in
C31. To turn Q3 on, Q7 is turned off and the charge stored in C31 is
dumped into the gate of Q3. This voltage charges up the gate-to-source
capacitance, raising the gate-to-source voltage above it's threshold level,
thereby turning Q3 on.

A current-limit circuit limits the power available from the +5 volt
supply. The voltage developed from the current flowing in the PCA trace
labeled R*A in the schematic is compared to a calibrated voltage set up
by a resistive divider, R56 and R61, and the 2.5-volt reference. When
the sensed voltage exceeds the calibrated value, comparator U9 pulls
enough charge out of C28 to limit the PWM duty cycle, thereby reducing
the output voltage and limiting the output current.

Slow start circuitry made up of R53, C28, and CR18 brings the PWM duty
cycle up slowly from zero on start-up. Current flowing into capacitor
C28 develops a rising voltage to which the PWM duty cycle control
voltage is clamped.

The -12 volt supply also receives power from L2. When transistor Q3 is
off, the 1S end of L2 is clamped at -0.4 volt, and the 5.4-volt drop
that appears across winding 1 is reflected through the turns ratio to
winding 2. This forward-biases CR19, transferring energy from L2 into
C11 and the -12 volt load. When transistor Q3 is on, CR19 is
reversed-biased, and an active voltage regulator, U4, runs off of the
charge stored in C11 to deliver the -12 volt output.
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+24 VOLT SUPPLY

The +24 volt supply converts +dc into +24 volts, working as a
pulse-width modulated step-up regulator. The supply is synchronized with
the 50 kHz frequency of the +5 volt PWM. The +2U4 volt output remains
within 4 percent of 23.7 volts, while the +dc input current is limited
to 8 to 9 amperes. Figure 3-5 is a simplified schematic of the +24 volt

supply.

The +24 volt PWM IC, U7, is synchronized with the +5 volt PWM, U8, by
sharing the oscillator (OSC) and ramp (CT) signals. The duty cycle of
MOSFET transistor Q2 is controlled by U7 through the gate drive
circuitry centered around Q4, Q5, and Q6. Turning Q2 on causes current
to ramp up through L1 and store energy in the inductor. During this
time, the load current is supplied by C9. When Q2 is shut off, current
flows through CR11 to store energy in C9 and supply the load.

A parallel feedback path determines the PWM duty cycle control voltage
so that 60 Hz output ripple can be minimized, while maintaining adequate
loop stability. The +2U4 volt output is sensed through a resistive
divider made up of R49 and R50, and is compared to a 2.5-volt reference
to determine the dc operating point. Loop stability with high dc¢ gain is
established by U10, R34, C32, and R35, the dc feedback amplifier
circuit. Any 60 Hz ac ripple that appears at the output of the supply is
fed back through the bandpass filter formed by U10, R65, R66, C6, C7,
and R23. The outputs of both of these feedback amplifiers are summed in
the non-inverting summing amplifier formed by RU41, R42, RU3, RU6, and
the amplifier internal to U7. Two additional capacitors (C25 and C20)
serve to keep the supply stable under rated conditions.

Over-voltage protection is provided by zener diode VR2, resistors R4S,
R64, and the shut-down circuit internal to U7. Over-current protection
is provided by a comparator circuit that limits the current flowing
through Q2, L2, and hence into the +24 volt supply. The protection
circuit compares the voltage drop across R¥B, a PCA trace, to the
voltage set up by R62, R57, and U3 that tracks the +2U4 volt ground. A
comparator (U9) pulls enough charge out of C21 to limit the duty cycle,
thereby limiting the input current to the +24 volt supply. During
power-up and when coming out of current limit, the slow-start circuit
formed by R45, C21, and CR16 controls the pulse width to maintain a slow
increase in duty cycle. Since the feedback loop is open at this time,
the dc feedback amplifier output is clamped by two diodes in the dec
amplifier local feedback path, CR27 and CR28.
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+5B BACKUP CIRCUIT

The memory back-up supply circuit is centered around a rechargeable
nickel-cadmium battery, BT1 as shown in the simplified schematic, Figure
3-6. When the power supplies are running, the battery is charged from
the +24 volt output through R60, while the +5B output is taken from the
+5 volt supply through Schottky diode CR22. When the power supplies
switch off, the battery smoothly couples power to the +5B output through
Schottky diode CR26. The +5B output is protected during an open battery
condition by zener diode VR5.

+24V +5V
Y CR25
& CR22
>
i R60
—P}- - +5B
CR26

Figure 3-6. +5B Backup Circuit Simplified Schematic
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RESET CIRCUITRY

The reset circuitry section of the power supply starts and stops the +5
volt, -12 volt, and +24 volt supplies, and controls three TTL-level

logic reset lines. Figure 3-7 is a simplified schematic of the reset
circuitry.
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Figure 3-7. Reset Circuitry Simplified Schematic
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One set of comparators watches the +dc voltage from the transformer
assembly. If +dc is greater than 10 volts, START5 and START24 are both
asserted to allow startup. After startup, START5 and START24 are left
asserted as long as +dc remains greater than 8.3 volts. The +dc voltage
is also examined to determine the state of the mainframe logic signal
PPOK (Primary Power Okay). Signal PPOK is asserted when +dc exceeds +10
volts, and it remains asserted as long as +dc remains above 9 volts.

The other two comparators generate the mainframe TTL-logic reset signals
DCOK (dc supplies okay) and BRST (L) (Bus Reset). As long as the +5 volt
output remains above 4.8 volts and the +2U4 volt output remains above
17.8 volts, DCOK remains asserted and BRST (L) remains de-asserted. If
either the +5 volt output or the +24 volt output fall out of tolerance,
DCOK is de-asserted, and BRST (L) is asserted.

The reset circuitry is centered around U6, U11, and several resistors,
capacitors, and diodes. Signal PPOK is generated by a comparator circuit
that drives an open-collector transistor in U11. Here, R29 and R30
divide +dc to a level that can be compared to the 2.5-volt reference,
C19 filters noise with a minimal time delay, and R27, R28, and CR15
provide necessary hysteresis. Signals START5 and START24 are developed
by a second comparator that checks +dc through the R25 and R26 divider.
Filtering is provided by C13, and hysteresis is developed by R17, R19,
and CR12.

Two comparators with their outputs ANDed together generate logic signals
DCOK and BRST(L). If either the +5 volt or +2U4 volt output falls out of
regulation, both logic lines are pulled low through open-collector
transistors in U11. Resistors R31 and R32 divide the +5 volt output, and
R18 and R33 divide the +24 volt output for comparison with the 2.5 volt
reference. Capacitor C15 provides filtering with minimal turn-off delay,
while C14 and C15 both provide turn-on delay.

COMMUNICATION CIRCUITRY

Communication circuitry on the power supply circuit board translates
TTL-level signals from the controller into RS-422 signals for serial
link communication. Other parts of the communication circuitry condition
alarm outputs and trigger inputs that are accessible through connectors
on the Data Logger rear panel. Figure 3-8 is a simplified schematic of
the communication circuitry.

Serial link Transmit Data from the mainframe, TXD, is conditioned by and
transmitted from the four drivers of U1, which are resistively coupled
in parallel by R3 through R10 to allow a non-fatal driver failure. The
two resulting bi-phase output lines, TX+ and TX-, are protected by clamp
diodes CR1, CR2, CR3, and CRY4, zener VR1, and series resistors R1 and
R2.
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Figure 3-8. Communication Circuitry Simplified Schematic

3-19



3/Power Supply

Serial link receive data is received by U2 after the bi-phase signal
lines, RX+, and RX-, are resistively terminated by R11 and R13 and are
diode-clamped by CR5, CR6, CR7, and CR8. The receiver IC, U2, then
converts the Receive Data into one TTL-level mainframe signal, RXD.

Part of the communication circuitry conditions XTG1, the TTL-level,
external, trigger-input signal, into TG1 for the mainframe. Signal XTG1
is first filtered and biased-up by R15, R69, and C5. Operational
amplifier U2 then compares XTG1 to the threshold level set by R70 and
R71 to determine TG1. Another circuit drives the alarm output relay, K1,
from the mainframe logic signal, ALARM.
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Controller

) FUNCTIONAL DESCRIPTION

The Controller Assembly is the heart of the 2280 Series Data Logger. It
contains the instrument's main microprocessor and control logic, a
portion of the RAM and ROM memory, a battery power clock, and a watchdog
timer circuit. The Controller Assembly also contains the circuitry
required to implement the PIO Bus which is used to communicate with
logging and interface devices, and an asynchronous serial communication
IC used to communicate with measurement and control devices over the
Serial Link. All functions of the Controller Assembly are accomplished
by the nine major blocks shown in Figure 3-9. A brief description

of each block follows.

BLOCK DIAGRAM ANALYSIS

(o]

Microprocessor

A 4-MHz Z-80 microprocessor is used in the Data Logger. The program
for the processor is contained in ROMs residing on this assembly and
the Memory Assembly.

Oscillator and Control Logic

A 4-MHz clock is provided for the Z-80. Several logic components are
used to decode the addresses coming from the microprocessor and steer
enabling signals to memory and input and output devices.

Memory

One 8K-byte ROM and two 2K-byte RAMs on this assembly provide part
of the ROM and RAM used by the microprocessor. This part of the RAM
is volatile--that is, not powered by the internal battery.
Therefore, that part of RAM is only used as temporary storage for
variables required by the program the microprocessor is executing.

PIO Bus Communication

The PIO Bus is an eight bit parallel communication interface through
which the Controller Assembly communicates with all logging and
interface devices. The logging and interface devices are the
internal printer, display and keyboard, microfloppy disk assembly,
DC100 2280 cartridge tape option, and the Port A and Port B
communication options which can be either IEEE-U88 or RS-232. This
interface is implemented with a Z-80-PI0 integrated circuit. The PIO
Bus consists of eight signals used for the bidirectional exchange of
data, five to address the logging and interface devices, two that
identify the type of transaction to be performed, and five to
provide handshaking and synchronization.
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Serial Link Communication

Communication between the controller and the measurement and control
devices (High Performance A/D Converter, Digital Input/Output,
Current/Voltage Analog Output, and Counter/Totalizer Input Options)
is done over the serial link. All serial link communication is
between the controller and measurement and control devices;
measurement and control devices do not communicate directly with
each other. Serial Link transmission is asynchronous at 25 kHz.

Interrupt Generation and Acknowledgement

Several real time events occur periodically in the Data Logger that
must cause the firmware program to temporarily stop what it is
doing, take care of the real time event, and then resume what it was
doing. The processor is interrupted during PIO Bus and Serial Link
operations, and by the real time clock, watchdog timer, and the

Math Coprocessor option. Circuitry is provided to synchronize the
asynchronous events with the processor and select the interrupt of
highest priority for presentation to the processor.

Controller Status Input and Output

Operation of the Data Logger requires the ability to sense and
generate several special signals. These signals allow the processor
to sense or measure the serial output of the clock chip, the
external trigger input used to trigger scans, the status of primary
instrument power (to verify that the processor will be allowed to
execute for a guaranteed minimum time), and the position of the
front panel key switch. The circuitry in this block generates the
external master alarm output relay drive, a signal to reset the
devices on the PIO Bus, drive signals for the Test Status LED
Indicator on this assembly, and several signals used to synchronize
memory operations.

Time of Day Oscillator and Clock

The time of day clock keeps track of the current year, month, day,
hour, minute, and second. It is powered by the battery supply, so
the Data Logger can keep track of current time when the instrument
is off. The clock chip derives its timebase from a 32.768 kHz
crystal oscillator. This oscillator also functions as a frequency
divider, supplying the watchdog timer with a 2 Hz clock and
providing the microprocessor with an interrupt 32 times a second.

Watchdog Timer

The watchdog timer provides a mechanism to restart the Data Logger
should some catastrophic event occur that stops the processor's
operation. This timer interrupts the processor twice each second.
If the firmware does not acknowledge this interrupt, the Watchdog
Timer circuitry resets the entire Data Logger causing a complete
restart of the instrument.
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DETAILED CIRCUIT ANALYSIS
Microprocessor

A 4-MHz Z-80 microprocessor, U25, is the main processor of the
instrument. It receives it's clock from oscillator Y1.

The eight data lines from the processor are used to communicate with
devices on the Controller Assembly and the Memory Assembly. The data
bus is resistively terminated to the +5 volt supply using Z8 and
buffered bi-directionally by U32, then sent to the motherboard as
signals CDO through CD7 (Controller Data O through 7).

The sixteen address signals from the processor are decoded on the
Controller Assembly to enable various memory and input/output registers.
The processor address signals are also used on the Memory Assembly.

This address bus is resistively terminated to the +5 volt supply using
Z6 and Z7 and buffered by U23 and U24 before leaving the assembly as
signals CAO through CA15 (Controller Address O through 15).

Oscillator

The 4-MHz master clock of the assembly is generated by Y1. This clock
signal is also used to clock the microprocessor on the Math Coprocessor
option. It is buffered by parts of U15 before leaving the assembly as
signal CKSRC (Clock Source).

Control Logic

The Z80 microprocessor has two distinct address spaces, Memory Space and
1/0 Space. The type of memory or input/output operation to be performed
by the microprocessor is determined by signals MREQ(L), IORQ(L), M1(L),
RFSH(L), RD(L), and WR(L) (Memory Request, Input/Output Request, Machine
Cycle One, Refresh, Read, and Write respectively). The operation
corresponding to each signal is listed in Table 3-1. Timing diagrams for
each type of access are given in this section.

ROM (U26) and RAM (U27, U28) residing on the Controller Assembly and the
Memory Assembly are accessed when the microprocessor generates Memory
Space Addresses. All other parts of the mainframe are accessed via the
microprocessor's I/0 Space. Those parts are:

PIO Bus (parallel I/0 interface (U1))

Serial Link UART (Universal Asynchronous Receiver/Transmitter (Ud4))
Interrupt Mask Register (U11)

Interrupt Source Register (U8)

Controller Output Register (U33)

Controller Status Register (U9)

Non-Volatile Time of Day Clock (U39 or U41)

OO0 00000
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The same address and data busses are used for both I/0 and memory
accesses, but address decoding is different for the two cases. The
results of the two separate decoding paths are given in Figure 3-17, the
Memory Space Map, and Figure 3-18, the I/0 Space Map.

Table 3-1. Memory and I/0 Access Signals

MREQ(L) | IORQ(L) | M1(L)

RFSH(L)| RD(L)

l
l

WR(L) Cycle Type

I | |
I l I
I l I
0 [ 1 | 0 [ 1 | O [ 1 | Instruction Fetch
0 [ 1 [ 1 [ 1 [ O [ 1 | Memory Read
0 [ 1 [ 1 [ 1 [ 1 | 0 | Memory Write
0 [ 1 [ 1 | 0 [ 1 [ 1 | Memory Refresh
1 | O 1 [ | O [ 1 | I1/0 Input
1 | O |1 |1 [ 1 | 0 | I/0 Output
1 | O | O [ 1 1 1 | Interrupt Acknowledge
CLOCK _| | | l I l l__
| {mmmm e M1 Cycle---=-e-acceu-n >|
AO-A15 X X
|< Program Counter->]| |
| < Refresh Address->|
MREQ(L) \ /A / \_
RD(L) \ /
WAIT(L) 1117117777777 ATV LV VLAV NN
M1(L) /
DO-D7 -==-eee=-- (LKL D mmmmrm e mer e
->| |<- Data In
RFSH(L) \ /

Figure 3-10. Instruction Opcode Fetch Without Wait States
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MREQ(L)

RD(L)

WAIT(L)

M1(L)

DO-D7

RFSH(L)

X_
|
|

|< Refresh Address->

A /N /
\ /
\ /\ /7 \
A\ /

--------- (L LLLLLLLLLLLLLLLKLKLKLL Dmmmmmmmm e c e e e =
->| |<- Data In

\ /

Figure 3-11. Instruction Opcode Fetch With Wait States

CLOCK

A0-A15

MREQ(L)

RD(L)

WR(L)

WAIT(L)

I
| {---- Memory Read Cycle----- > | |
|

|¢---- Memory Write Cycle---->
X X X__
[{mmmmmm Memory Address------ > |
[(mmm=mm Memory Address------ >
\ / \ /
\ /
\ /
--------- R R T e m——— >em
->| [<- Data In I
|{emanana Data OQut------ >
/ \ / \

Figure 3-12. Memory Read or Write Cycles Without Wait States

3-26




3/Controller

CLOCK l

A0-A15

MREQ(L)

RD(L)

DO-D7(IN)

- o - - -

WR(L)

DO-D7(0UT)

WAIT(L)

Figure 3-13. Memory Read or Write Cycles With Wait States

cLock _I— 11T I

IORQ(L)

RD(L)

DO-D7(IN)

WR(L)

DO-D7(OUT)

e

WAIT(L) /

\

Figure 3-14. Input or Output Cycles Without Wait States
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CLOCK | . . 1
AO-AT X X_
J{mmm e Port Address----=-eceeceo__ 1T
IORQ(L) \ /
RD(L) \ /
) @ ] ) I T T T T T T T T T T T T T T T T I T R R T T ——
WR(L) \ /
DO-D7(OUT) =-~-=mmm- < >--
WAIT(L) \ / / \

Figure 3-15. Input or Output Cycles With Wait States

CLOCK _| I | [ | [ | | | | [ | I
->| <~ End of Previous Instruction
[{mmmmmmm e M1 Cycle-—-c-emcmmmeeeeeeem
INT(L) \ /
A0-A15 X X
[{mmmmmmenmne Program Counter-----—----- >

Refresh Address->|

M1(L) \ /
MREQ(L) A
IORQ(L) \ /

RD(L)

DO-DT  ~mmmm e e m— e X dommmmmm

Vector Byte In ->| | <~
WAIT(L) / \

Figure 3-16. Interrupt Request / Acknowledge Cycle
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Memory Accesses

1/0

An instruction fetch or simple read from ROM causes the Wait State
Generator to introduce one wait state (see Figures 3-9 and 3-10). This
added wait state compensates for the ROM's longer access time. A ROM access
occurs when MREQ(L) and A15 are low. Accesses to RAM on the controller are
performed without wait states. Accesses to RAM residing on the Memory
Assembly incur O or more wait states.

RAM on the Memory Assembly is accessible from two microprocessors: the
microprocessor on the Controller Assembly and the one on the math
coprocessor. Since the RAM's cannot be accessed simultaneously by two
processors, circuitry exists to arbitrate the access to this shared
memory .

Wait states in the memory access may also be introduced if an access to
shared RAM is delayed by arbitration.

Memory Arbitration involves the Controller, Memory, and Math Coprocessor
assemblies. Therefore, the logic circuitry to implement bus arbitration
is spread across the three assemblies. This logic has two basic states,
one granting memory access to the Math Coprocessor assembly and the
other granting access to the Controller. Access requests from the math
coprocessor and Controller Assemblies can be either active or inactive;
combinations of the two yield four access request states. Thus, the
entire arbitrator has eight possible combinations, corresponding to all
combinations of four access request states and two access grant states.

Components U36, U17, U20, and U19 implement the controller portion of
the memory arbitration logic. The microprocessor on the controller
executes wait states until the controller on bus (COB(H)) signal is
asserted true by the Math Coprocessor assembly. If the Math Coprocessor
assembly is not installed, a resistor in Z4 places COB(H) in the true
state and no arbitration or wait state generation due to shared memory
conflicts occurs.

Accesses

Large portions of I/0 space are unused. Consequently, not all of the
address lines are used to accomplish full decoding (a technique known as
"sparse mapping"). Since addresses in I/0 space are sparsely mapped,
more than one address can be used to access the same physical hardware.
For simplicity, the I/0 Space Map shows only one of these addresses.

For some locations in 1/0 space, the data bus is ignored during a write
cycle. For these locations, the write cycle is used to produce a strobe
signal. All the locations that produce a strobe when written are labeled
as such in the 1/0 Space Map (Figure 3-18).
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Read Write
I I I
| FFFF | FFFF |
Memory assy. RAM | I | Memory assy. RAM
[ 9000 | 9000 |
---------------------- R e B B e e L
| 8FFF | 8FFF |
Controller assy. RAM | | | Controller assy. RAM
| 8000 | 8000 |
—————————————————————— R el et B e
| TFFF | TFFF |
Memory assy. ROM | I |
| 2000 | | Not Used
---------------------- | =====-| I
| 1FFF | I
Controller assy. ROM | I |
| 0000 | 0000 |
I I [

Figure 3-17. Memory Space Map

Read Write
| I I
| | 00DO | NMI(L) Reset Strobe
[ | 00B2 | CKINT Reset Strobe
| | 00BO | TGI Reset Strobe
l | 00A3 | CKST Clock Reg.
I | 00A2 | Interrupt Mask Reg.
I | 0097 | Seg. D, Status Indicator
| | 0096 | Seg. G, Status Indicator
| | 0095 | Seg. A, Status Indicator
| | 0094 | PRIR (H)
I | 0093 | ABS (H)
| | 0092 | MACK (H)
| | 0091 | ALM (H)
| | 0090 | BRST (H)
I | 0080 | UART Xmit Buffer Reg.
Controller Status Reg. | 0070 | I
Interrupt Source Reg. | 0060 | I
National Clock Chip | 0050 | I
National Clock Chip [ 0040 | |
UART Status Flags | 0020 |
UART Receiver Reg. | 0010 | l
PIO Port B Control | 0003 | I
PIO Port B Data | 0002 | I
PIO Port A Control | 0001 | |
PIO Port A Data | 0000 |
| I

Figure 3-18. I/0 Space Map
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ADDRESS DECODING

The address decoding logic implements the Memory Space Map (Figure 3-17)
and the 1/0 Space Map (Figure 3-18). Address lines A0 to A15 and control
signals MREQ(L), IORQ(L), and M1(L) to select a unique location in memory
or I/0 space. The memory cycle is qualified by mutually exclusive

control signals RD(L) and WR(L), which determine a read or write cycle,
respectively.

Two outputs of a 3-line-to-8-1line decoder (U38) select one of two RAM's
(U27 or U28) on the controller assembly occupying the address range 8000
to 8FFF in memory space. A two-level cascade of OR gates (U34) selects
the 8k byte ROM (U26) on the controller assembly occupying the address
range 0000 to 1FFF in memory space. When a controller ROM or RAM is
selected, OMS (on-board memory strobe) goes high for the duration of the
memory cycle.

Two 3-line-to-8-line decoders control all I/0 space accesses. One (U29)
controls all I/0 write cycles, and is enabled when A7 is high, WR(L) is
low, and IORQ(L) is low. The other (U30) controls all I/0 read cycles,
and is enabled when A7 is low, M1(L) is high, and IORQ(L) is low.

Memory

PIO

Eight K-bytes of ROM are provided by U26. Gating in U3Y4 generates the
chip select for the ROM when it detects memory requests in the address
range 0000 through 1FFF.

U27 and U28 together provide four K-bytes of RAM at addresses 8000
through 8FFF. U38 detects memory requests in this address range and
generates the chip selects for the RAM's.

Bus Communication

The PIO Bus is the interface through which the controller communicates
with all logging and interface devices. The logging and interface
devices include the printer, display and keyboard, microfloppy disk
drive, DC100 2280 Cartridge Tape Option, and the Port A and Port B
communication options.
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PIO BUS COMMUNICATION AND CONTROL

The PIO Bus consists of address lines, control lines, data lines, and
interrupt lines. The address lines are IAO through IA4 (Interface
Address); the control lines are IC5 and IC6 (Interface Control), BUSY,
RDRDY (Read Ready), RDSTB(L) (Read Strobe), WRRDY (Write Ready), and
WRSTB(L) (Write Strobe); the data lines are IDO through ID7 (Interface
Data). The interrupt lines are BRMINT(L) (Port B Interrupt), ARMINT(L)
(Port A Interrupt), KBINT(L) (Keyboard Interrupt), TPINT(L) (Cartridge
Tape or Disk Interrupt) , and PTRINT(L) (Printer Interrupt). Except for the
interrupt lines, all PIO Bus signals connect directly to the Z-80-PIO
chip U1. Data lines IDO to ID7 connect to PIO Port A of the Z-80-PIO,
while IAO to IA4, IC5, IC6, and BUSY connect to Port B of the Z-80-PIO
chip. All PIO Bus signals are resistively terminated to +5 volts by Z1,
22, and Z3.

PIO BUS ADDRESSING AND MODE CONTROL
A two-out-of-five coding scheme is used to form valid PIO Bus addresses.

Using this method, all valid addresses have two address lines low and three
address lines high. The address assignments are listed in Table 3-2.

Table 3-2. PIO Bus Addresses

Address

IA4Y IA3 1IA2 IA1 1IAOQ Addressed PIO Bus Device

|
I
|
| ‘
[ Keyboard / Display Assembly
1 1 0 1 0o | Printer Assembly
I Microfloppy Disk Drive or DC 100 Cartridge
| Tape Assembly
I Port A I/0 Assembly
| Port B 1/0 Assembly
| (No PIO Bus Device Addressed)

Along with the address information is a two-bit control code indicating
the type of bus transaction in process. In order to avoid ambiguity,
this control code is changed only when no devices are addressed (address
signals IAO through IA4 are all high). Four modes are possible (see
Table 3-3). They are, Device Quiet, Device Write, Device Read, and
Device Poll.
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Device Quiet Transactions

A device quiet transaction forces a PIO Bus device to return its interrupt
request line to the inactive state. Each PIO Bus device has a dedicated
interrupt line (see Table 3-5). No data is transferred over data lines

IDO through ID7 during this transaction.

Table 3-3. PIO Bus Control Codes

IC6 IC5 | PIO Bus Transaction Mode
[

| Device Quiet
| Device Write
| Device Read
l
|

-0 -0

Device Poll

Device Write Transactions

A device write transaction transfers a byte from a PIO Bus device to the
controller. The transfer is controlled by signals WRRDY (Write Ready)
and WRSTB(L) (Write Strobe).

When WRRDY is true, the controller waits for a byte from the addressed

PIO Bus device. The PIO Bus device responds by placing a byte on data lines
IDO through ID7, then pulsing WRSTB(L) low. Pulsing WRSTB(L) low causes the
Z-80-PI0 chip to take WRRDY false. The controller then de-addresses the PIO
Bus device before reading the byte from the Z-80-PIO chip.

A device write transaction is initiated by a PIO Bus device that wishes to
send a byte to the controller. To start, the PIO Bus device asserts a
"Device Service Request" over its dedicated interrupt request line. Only
one byte is sent to the controller during each cycle, so when a

device has multiple bytes to send, it keeps the Device Service Request
asserted until it has been addressed to send the last byte.

Device Read Transactions

A device read transaction transfers one or more bytes from the
controller to an PIO Bus device. The transfer is controlled by signals
RDRDY (Read Ready) and RDSTB(L) (Read Strobe).

When RDRDY is true, the controller has a byte to send to the addressed
device. The device responds by setting RDSTB(L) low, reading the byte on
data lines IDO to ID7, and then setting RDSTB(L) high (in that
sequence). Due to the nature of the Z-80-PIO chip, a valid byte is
present on IDO to ID7 only when RDSTB(L) is low.

Immediately after reading the byte, the device determines if it is able

to accept any more bytes from the controller. If it cannot, it sets BUSY
high; if it can, it sets BUSY low.
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Pulsing RDSTB(L) low causes the Z-80-PIO chip to take RDRDY false. If

the controller has another byte to send to the device and the BUSY line
is false, then it writes a new byte to the Z-80-PIO chip, causing RDRDY
to become true again. Otherwise, the controller de-addresses the device.

Device Poll Transactions

The controller determines if a device is free to accept bytes by
doing a device poll transaction. If the BUSY line is true during a
device poll transaction, then the addressed device is "busy" and
cannot accept bytes; conversely, if the BUSY line is false, then it
is not busy and the controller may do a device read transaction.

Device quiet and device write transactions are allowed regardless of an
device's busy condition.

Serial Link Communication

The 2280 Series measurement and control option assemblies communicate
with the controller over the serial link. Transmissions from the
controller go out serially on the TXD (Transmit Data) signal line via
the Power Supply Assembly to all devices; transmissions from each device
are received by the controller on the RXD (Receive Data) signal line.
These signals leave/enter the assembly via connector P6 as TTL levels.
They are converted to (from) RS-422 signals on the Power Supply
Assembly.

All measurement and control devices receive all transmissions from the
controller, but since these devices share the same communication line
back to the controller, only one of these devices can transmit at a
time. A measurement and control device is granted permission to
transmit by interpreting messages sent to or from the controller.

A standard UART (Universal Asynchronous Receiver/Transmitter), U4, acts as
the interface between the serial link and the microprocessor bus.

The UART is configured to operate full-duplex with odd parity, 8 data bits,
and 1 stop bit at a 25K-baud rate. Two buffer registers within the UART,
the TBR (Transmitter Buffer Register) and the RBR (Receiver Buffer
Register), hold the next byte to be transmitted on the TXD line and the
last byte received on the RXD line, respectively. Two shift registers, TR
(Transmitter Register) and RR (Receiver Register), hold the bytes currently
being transmitted and received, if any. The clock inputs TRC (Transmitter
Register Clock) and RRC (Receiver Register Clock) for these shift registers
determine the transmit and receive baud rates, and are divided by 16 by
prescalers in the UART. Both clock inputs are driven by the signal SLCLK
(Serial Link Clock), which is the output of the 4-MHz oscillator, Y1,
divided by 10 using U16.

If the Transmitter Buffer Register is full and the Transmitter Register is
empty, the byte contained in the TBR is automatically transferred to the TR
and begins transmission. When this happens, the TBRE (Transmitter Buffer
Register Empty) output goes high.
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After a byte has been received, it is transferred from the Receiver
Register to the Receiver Buffer Register, and the DR (Data Received)
output goes high. When the microprocessor reads the received byte,
inputs DRR(L) (Data Received Reset) and RRD (Receiver Register Disable)
are pulsed low. DRR (L) resets the DR output, and RRD drives the
received byte onto the microprocessor data bus. If the previously
received byte (if any) has not been read by the microprocessor when a
new byte is transferred from the Receiver Register to the Receiver
Buffer Register, the OE (Overrun Error) output goes high. Also, if an
invalid parity bit or stop bit was detected, the PE (Parity Error)
output or FE (Framing Error) output goes high, respectively.

Four UART outputs comprise the UART Status Flags Register in I/0 Space:

OE, FE, PE, and TRE (Transmitter Register Empty). These are available to
the processor for reading when four buffers of U3 are enabled by the SFS(L)
(Status Flag Select) signal.

Two outputs are used as interrupt signals; TBRE is used as the TXINT
(Transmitter Interrupt) signal and DR is used as the RXINT (Receiver
Interrupt) signal.

Interrupt Generation and Acknowledgement

The controller requests interrupts in program execution when either the
IRQ(L) input or the NMI(L) input to the Z80 microprocessor is low. There
are three possible ways that the Z80 can respond to IRQ(L), but only one
is used in the 2280 Series. The interrupt method used requires the
source of the interrupt to place the lower half of an interrupt vector
on the data bus during an interrupt acknowledge cycle (see Table 3-1 and
Figure 3-16).

Note

A vector is a 16-bit address pointing to a location in
memory containing the address of the beginning of the
interrupt service routine.

The upper half of the vector is contained in a dedicated Z80 register.
After the interrupt acknowledge cycle, the Z80 pushes the current
program counter on the stack. If the Z80 is responding to NMI(L), then
it branches to location 0066. Otherwise (responding to IRQ(L)), the Z80
reads the interrupt service routine starting address from the 2-byte
location pointed to by the interrupt vector, and then it branches to
that address.
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The interrupt vector comes from one of two sources, the Z-80-PIO chip or
the Interrupt Vector Generator. Only one of the two can actively request
an interrupt at any given time. The vector is supplied by the active
requester. Conceptually, there are two interrupt subsystems:

1. The Z-80-PIO chip

2. The Interrupt Mask Register, Interrupt Priority Encoder, and
Interrupt Vector Generator.

The second subsystem has higher priority than the Z-80-PIO chip, so if
both subsystems have interrupts pending simultaneously, the Z-80-PIO
chip is inhibited (by the IEI, or Interrupt Enable Input, signal)

from actively requesting an interrupt.

The Interrupt Mask Register (U11) selectively disables (masks) all
interrupts except NMI(L) (non-maskable interrupt). For masking purposes,
five different interrupts are distinguished:

Z-80-PI0 Interrupts

32-Hz Clock Interrupt

Serial Link UART Transmitter Interrupt
Serial Link UART Receiver Interrupt
PIO Bus Device Interrupt

0Oo0o0OO0O0

The PIO Bus Device Interrupt is active when any of the following devices
requests an interrupt: the Math Coprocessor optional assembly, Port B
communication device, Port A communication device, display and keyboard
assembly, microfloppy disk drive assembly, DC100 2280 Cartridge Tape
optional assembly, or the printer assembly. While these are combined to
form a single maskable interrupt, it is still possible to distinguish
them by reading the Interrupt Source Register.

Except for NMI(L) and Z-80-PIO chip interrupts, interrupts not disabled
by the Interrupt Mask Register are passed on through enabling gates U12
and synchronization latch U7 to the Interrupt Priority Encoder (U6).
The Interrupt Priority Encoder has two outputs, an interrupt request
line and a priority code. If its interrupt request line is active, the
Z-80-PIO chip's interrupt request line is forced inactive by the
Interrupt Enable Input to the Z-80-PIO chip. The priority code (a binary
code representing the pending interrupt with the highest priority) is
converted to the lower byte of a vector address by the Interrupt Vector
Generator (U5) and placed on the data bus during an interrupt
acknowledge cycle.

If the Z-80-PIO chip interrupt is not masked out by the Interrupt Mask
Register and no active interrupts are pending at the Interrupt Priority
Encoder inputs, then the Interrupt Enable Input to the Z-80-PIO chip
goes true. When the Interrupt Enable Input goes true, the Z-80-PIO chip
is allowed to generate interrupt requests.
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Active interrupt requests are reset in several ways. After the Z-80-PIO
chip has supplied an interrupt vector during an interrupt acknowledge
cycle, the interrupt request is reset. While being serviced, the
Z-80-PI0 monitors the data bus, resetting its "under service" state when
it detects a Z-80 "return from interrupt" instruction. The Z-80-PIO does
not request another interrupt until the current interrupt being serviced
is acknowledged. PIO Bus Device interrupts are generated by intelligent
subsystems, and are reset in accordance with an intra-system
communication protocol. Serial link UART interrupts are generated when a
byte has been transmitted or received, and are reset when a new byte is
loaded into the transmitter or the received byte is read, respectively.
Finally, the 32-Hz clock interrupt and the non-maskable interrupt
(generated by the watch-dog timer) remain active until forcibly reset by
the CKINT Reset Strobe and the NMI(L) Reset Strobe, respectively.

Interrupt Mask Register

The Interrupt Mask Register allows the processor to selectively enable
and disable certain interrupts. Table 3-U4 shows the mapping of each
interrupt to a particular data bus line. An I/0 write cycle to the
Interrupt Mask Register with a particular data bit set to one enables
the corresponding interrupt; set to zero, it disables the interrupt. The
Interrupt Mask Register consists of a hex D-type latch (U11), four NAND
gates (U12), and an AND gate (U20).

Table 3-4. Interrupt Mask Register

Data Bus Line Corresponding Interrupt

|

|
DO | Z2-80-PI0 Chip Interrupts
D1 I PIO Bus Device Interrupts
D2 | 32 Hz Clock Interrupt
D3 | UART Transmitter Interrupt
DY | UART Receiver Interrupt

|

Interrupt Source Register

The Interrupt Source Register is a hex tri-state buffer (U8) that

allows the processor to determine which I/0 device caused an I/0 device
interrupt. An I/0 read cycle of the register drives the current status
of the dedicated I/0 device interrupt lines onto the data bus, according
to the mapping in Table 3-5.
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Interrupt Priority Encoder

A hex D-type latch (U7) and an 8-line-to-3-line priority encoder (U6)
comprise the Interrupt Priority Encoder. Interrupts that have been
masked by the Interrupt Mask Register drive the Interrupt Priority
Encoder. If any of the four is active and is enabled by the Interrupt
Mask Register, the Interrupt Priority Encoder outputs a priority code
(see Table 3-6) and drives its GS(L) output low. If GS(L) is low,
2-80-PI0 chip interrupts are disabled by the IEI (Interrupt Enable
Input) to the Z-80-PIO chip. The priority code is sent to the Interrupt
Vector Generator. The UART Receive Interrupt has the highest priority.

Table 3-5. Interrupt Source Register

Interrupt Signal | Device | Data Bus Line
l |
PTRINT(L) | Printer | DO
TPINT(L) | Disk Drive or Tape | D1
KBINT(L) | Display / Keyboard | D2
ARMINT(L) | Port A | D3
BRMINT(L) | Port B | DY
MINT(L) | Math Coprocessor | D5
| |
Table 3-6. Interrupt Priority Codes
| [ l
| Interrupt Signals | Priority Code |
| (1) | (ii) | (iii) | (div) |l A2 | A1 | A0 |
[==memee R [==mmeee e [|-mmmee | ==mmem [ ==mmee I
| o | L e e e e
[ x ( o | v | 1 I o | 1t | 0 |
I x | x | o | v [l o | 1 | 1|
[ x | X | X | 0o [l T 1 o | o |
(i) = Printer, Microfloppy disk Drive,

2280 Cartridge Tape, Display/Keyboard,

Port A, Port B, or Math Coprocessor Interrupts
32 Hz Clock Interrupt

UART Transmitter Interrupt

UART Receiver Interrupt

(ii)
(iii)
(iv)

Interrupt active and enabled
Interrupt inactive or disabled

0
1
X Don't care

3-38



3/Controller

Interrupt Vector Generator

If the GS(L) output of the Interrupt Priority Encoder is low during an
interrupt acknowledge cycle, the Interrupt Vector Generator (U5) places
the lower byte of an interrupt vector on the data bus. The Interrupt
Vector Generator simply shifts the priority code up one bit position
(e.g., multiplies it by two) to ensure that the vector has an even
address, and drives data lines DO, D4, D5, D6 and D7 low.

Controller Status Input and Output
CONTROLLER OUTPUT REGISTER

The controller output register is an 8-bit, bit-addressable register
(U33) used for several single-bit outputs:

o] Test Status Indicator LED segments A, D, and G

o PRIR(L) (Priority), which forces the shared RAM arbitrator to
grant access to the controller

o ABS (Arm Bank Select), which arms the Bank Select Register on the
memory assembly

o MACK(L) (Math Acknowledge), which causes a non-maskable interrupt on
the Math Coprocessor option and is used as an acknowledgement

o ALM (Alarm), which controls an external alarm output

o BRST(L) (Bus Reset), which resets the Math Coprocessor option and all
assemblies residing on the PIO bus.

Each bit in the controller output register has a unique address. AO, A1
and A2 select which bit is to be written and the DO input provides the
data. ‘

CONTROLLER STATUS REGISTER

The controller status register is a hex tri-state buffer (U9) read by the
microprocessor to determine the status of the signals listed in Table 3-T.

The CKOUT (Clock Out) signal is the serial data output of real time clock
chip U41.

When high, TGIL (Trigger Input Latched) indicates that a positive edge
occurred on the input TGI (Trigger Input), which is an external input used
for triggering scan cycles. Signal TGIL is reset by the TGI Reset Strobe
(see Figure 3-18).

When high, PPOK(L) (Primary Power OK) indicates that primary power to the
instrument is no longer sufficient to guarantee continued operation.
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Input SW (Switch) indicates whether the front panel key switch is in the
"RUN" (SW = 1) or in the "PROGRAM" position (SW = 0).
The CCT (Clock Chip Type) signal indicates whether clock chip U39 (CCT = 1)
or clock chip U41 (CCT = 0) is installed. The state of CCT is determined by

the presence or absence of optional resistor R2.

Table 3-7. Controller Status Register

Status Signal Data Bus Line

[

|
CKOUT | DO
TGIL [ D1
PPOK(L) I D2
SW | D3
CCT | D4

|

TEST STATUS INDICATOR

The Test Status Indicator (DS1) is a 7-segment LED.display used to
indicate the status of both hardware and software during testing.
Segments A, D, and G are driven by the controller output register.
Segment B is driven by the PPOK(L) (Primary Power OK) signal, segment E
is driven by the NMI(L) (Non-maskable Interrupt) signal, and segment F
is driven by the PORST(L) (Power-on Reset) signal. Segment C is always
on. Figure 3-19 shows each segment and what it signifies, and a summary
of the function of each segment follows:

Segment A
Segment A is forced by hardware to be 1lit at power-up. If operating
properly, the microprocessor extinguish this segment soon after
power is applied. The normal operating condition of this indicator
is off.

Segment B

Segment B is illuminated when Primary Power is correct, therefore
it is normally 1lit.

Segment C
Segment C is 1it when the +5 volt de supply is operating.
Segment D

Segment D is 1lit if the Data Logger fails the RAM test at power up. It
should normally be off.

Segment E

Segment E flashes at a 2 Hz rate if the processor has failed to
service the watchdog timeout interrupt. It should normally be off.
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Segment F
Segment F is 1lit while the power on reset signal is active.
Segment G

Segment G is 1lit if the ROM checksum test performed at power up
failed. It should normally be off.

----- power-up
primary power ok (PPOK)

+5 volts

RAM check

non-maskable interrupt (NMI)
power-on reset (PORST)

ROM checksum

QTMEBoOOw>
o onononon

Figure 3-19. Controller and Memory Test LED

Time of Day Oscillator and Clock

The real-time clock keeps track of the current year, month, day, hour,
minute, and second. One of two possible types of clock chip is installed
(either U39 or U41). Both are powered by the non-volatile battery-backed
supply to keep the clock running when power is off.

Both clock chips derive their timebase from a 32.768 kHz crystal
oscillator (U31, Y2). This oscillator also functions as a frequency
divider, supplying the watchdog timer with a 2 Hz clock and providing
the 280 microprocessor with 32 interrupts each second.

Watchdog Timer

During normal operation, the 2280 Series operating software periodically
resets the watchdog timer with the NMI(L) Reset Strobe. Every half
second the watchdog timer produces a non-maskable interrupt, which
causes the software to respond with the NMI(L) Reset Strobe.

The watchdog timer takes further action if abnormal operation is
detected. This occurs if the processor fails to vector to the
non-maskable interrupt routine, or if the operating software detects a
fatal error and foregoes resetting the watchdog timer. In this case, the
watchdog timer pulls CPURST(L) low one-half second after NMI(L) becomes
active. Signal CPURST(L) remains low for one-half second, then goes high
again., This sequence resets most of the circuitry on the controller and
sends BRST(L) low (which resets the Math Coprocessor assembly and all the
assemblies on the PIO bus). The general effect is a complete restart of
the Data Logger. The D-type flip-flops of U18 clocked with the 2 Hz
output of U31 perform this function.
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Memory
FUNCTIONAL DESCRIPTION

The Memory Assembly contains most of the ROM accessed by the
microprocessor on the Controller Assembly, and all the RAM accessible

to the Controller Assembly and the Math Coprocessor option. The ROM and
RAM portions are separate, so the Controller Assembly can access the ROM
at the same time the Math Coprocessor option accesses shared RAM.
Simultaneous access of shared RAM by both the Math Coprocessor Option
and Controller Assembly is not allowed, and to prevent this, a bus
arbitration circuit forces one of the two simultaneous requesters into a
waiting state.

BLOCK DIAGRAM ANALYSIS
o ROM Bank Array

The ROM portion consists of five 24 k-byte banks, or pages, each
occupying the controller address range 2000 to TFFF. Each bank
consists of three 8 k-byte ROM chips. Only one bank at a time is
accessible to the controller.

A valid controller address in the range 2000 to TFFF during a read
cycle selects a location in the currently active ROM bank. The data
contained in that ROM location is returned over the controller data
bus.

o Bank Select Register

The active ROM bank is determined by the Bank Select Register, which
can be changed by the controller.

o ROM Address Decoder

The ROM Address Decoding receives address inputs from the controller
and the Bank Select Register and generates the chip select signals for
individual ROM chips.

o Shared RAM Array
Shared RAM consists of up to fourteen 2 k-byte RAM chips (28K-bytes)
occupying address range of 9000 to FFFF. The RAM chips are powered
from the battery supply so the information stored within them is
maintained while power is off.

o Shared RAM Address Decoder

The RAM Address Decoder receives addresses from the controller or
Math Coprocessor Assembly and generates the chip select signals for
individual RAM chips.
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(o} Shared RAM Bus Switch

An attempt to read from or write to a memory location at any address
between 9000 and FFFF constitutes a "shared RAM access request."
Requests are generated by the Math Coprocessor option and the
Controller Assembly; only one of which is granted access.
Simultaneous requests force one requester into a waiting state until
the requester that was granted access relinquishes it.

A bus arbitration circuit grants access to shared RAM to either the
Controller Assembly or the Math Coprocessor option, and resolves
simultaneous access requests. Parts of this circuit reside on the
Math Coprocessor option, Controller Assembly, and Memory Assembly. If
the Math Coprocessor option is not installed, no bus arbitration is
necessary and the remaining pieces on the Controller Assembly and
Memory Assembly permanently assign access to the Controller

Assembly.

The Controller Assembly has the option of asserting a priority line,
which forces the arbitrator to grant access to it. This can have

dire effects on any current access by the Math Coprocessor option;
consequently, it is used only in order to survive abnormal operating
conditions (for example, a non-functional Math Coprocessor option or a
partially non-functional arbitrator.)

o) Write Lockout Circuit

The write lockout circuitry inhibits writing into RAM when the internal
dc supplies are not at their proper levels.

CIRCUIT ANALYSIS
Bank Select Register

The Bank Select Register (U35) controls the activation of one of the
five 2UK-byte ROM banks accessible to the controller. When the ABS (Arm
Bank Select) signal is high, any controller write cycle changes the
contents of the Bank Select Register to the data present on the
controller data bus lines CDO to CD5. The ABS signal is driven by the
controller, and is normally low except when the controller is selecting
a different ROM bank to be the active bank.
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ROM Bank Array

The ROM array, U2-U11 and U13-U17, is split into five banks; each bank
consists of three 8 K-byte ROM chips. Bank selection is determined by
the Bank Select register, while individual ROM selection within a bank
is determined by controller address lines CA13 to CA15. Each ROM has two
control inputs, CS(L) (Chip Select) and OE(L) (Output Enable). The ROM
data outputs are enabled when both CS(L) and OE(L) are low. The data
outputs are buffered back to the controller assembly through U18. The
CS(L) input for each ROM is driven by an output of the ROM Address
Decoder, while the OE(L) input is driven low to all ROM's when CRD(L)
(controller read), MREQ(L) (memory request), and CA15 are all low.

Provision has been made for the assembly to accept 16 K-byte ROM chips in
the same positions as the 8 K-byte chips. To accomplish this, one output
from the Bank Select Register (Q3) drives address bit position A13 on the
ROM chips. On the 8 K-byte chips this is an unused connection; on the 16
K-byte chips it is an address connection. This effectively allows the
assembly to have 10 banks with 24 K-bytes each if this becomes necessary in
the future.

ROM Address Decoder

If the controller address lies between 2000 and 7FFF, the ROM Address
Decoder (U28 pins 8, 9, 10; U44 8, 9, 10; U21; U22; and U29) selects (with
the ROM CE(L) input) a unique ROM based on the contents of the Bank Select
Register and controller address lines CA13 to CA15. The ROM selected for
each valid combination is given in Table 3-8.

Shared RAM Array

The shared RAM array consists of a maximum of fourteen 2 K-byte RAM
chips (U25, U26, U30, U31, U32, U38, U39, U4O, UL45, UL46, U4T, U50, U51,
and U52) organized in a contiguous fashion between addresses 9000 and
FFFF. The RAM is backed up by a battery which is located on the power
supply assembly. The battery preserves RAM contents when main instrument
power is turned off.

Each RAM chip is controlled by a CS(L) (Chip Select) input, an OE(L)
(Output Enable) input, a WE(L) (Write Enable) input, and address lines
SO to S10. A unique RAM in the array is selected by the CS(L) input by
the Shared RAM Address Decoder, while the OE(L) and WE(L) inputs of all
RAM's are driven in parallel.

During a read cycle of shared RAM by either the Math Coprocessor option or
the controller, the OE(L) input to all RAM's is low and the CS(L) input

to one RAM is low. The contents of the cell within that RAM determined

by address lines SO to S10 is driven onto data lines XDO to XD7.

During a write cycle, the WE(L) input to all RAM's is low and the CS(L)

input to one RAM is low. The data present on data lines XDO to XD7 is
written into the location selected by address lines SO to S10.
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Bank Select | Controller | ROM
Register Outputs | Address Lines | Selected
! |
Q2 | Q1 | QO | CA15 | CA14 | CA13 |
pin 2| pin 5| pin 7| | | |
| | | | [ |
I I | | [ [
0 | 0o | 0o | o | o | 1 u2
o | o | o | 0 | 1 0o | U7 Bank O
o | ol o | o | o | 1 u13
| | | | | |
| | | | | |
0 | 0o | 1T 1 o | o0 | 1] U3
o | o0 | 1 1 0 | 1| 0 | U8 Bank 1
0 | 0 | 1 | o | o | 1 | U1y
| | | | | l
l | | | l I
0o | 1 | 0 | o | o0 | 1 Ul
0 | 1 1 o | o | 1 | 0 | U9 Bank 2
0 | 1 o | o | o | 1 ui15
I | | | | |
[ | [ [ | |
0 | 1 11 o | o0 | 1 Us
0 | 1 1T 1 0 | 1 1 0 | U10 Bank 3
0o | 1 | 1 | 0o | 0 | 1 U16
I | | | [ [
| | | | | |
1 | 0 | 0 | o | o | 1 U6
T 17 o | o | o | 11 0 | U11 Bank 4
1 o | 0 | 0 | o | 1 u17
I | | | | I

Shared RAM Address Decoder

If the address output by the Shared RAM Bus Switch lies between 9000 and
FFFF, the Shared RAM Address Decoder (U44- pins 1, 2, 3; U42; and UL9)
selects (with the RAM CS(L) input) a unique RAM based on address lines S11
to S15. The RAM selected for each valid address line combination is given

in Table 3-9.
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When instrument power is turned off, the chip select outputs of the
decoder are isolated from the instrument by transistors Q2 to Q15 in
order to prevent current leakage from the battery-back-up supply.

In addition, the chip select outputs are pulled up through 560 ohm
resistors to the battery supply, which minimizes RAM chip power
consumption.

Table 3-9. RAM Usage

I I
Shared Address Lines | Selected | Active
I RAM | Chip Select

S15 | S14 | S13 | S12 | S11 | |

| | [ l | I
T 1 o | o | 1 | O | ‘U25 l CcS2(L)
T 1 o0 | o I 1 I 11 U26 | CS3(L)
T 1 0 | 1| 0o | o0 | U30 | CS4(L)
T 1 0 | 1t | o | 1 | U31 | CS5(L)
1 1 o | v | 1 | 0 | U32 I CS6(L)
T 1o | 1 | 1 | 1 | U38 | CST7(L)
Tt 11 1 0 | 0 | 0 | U39 | CS8(L)
T 11 1 0 |l o | 1 | ul40 | CS9(L)
T 11T 10 1 1| 0 | Ul4s5 I CS10(L)
T 1110 111 U6 | CS11(L)
T 11 11 1 0o | 0 | u47 | CS12(L)
AN Y N R R o N A Us50 | CS13(L)
S I E A Y R R R Us1 | CS14(L)
LA R A A IR H B B Us2 | CS15(L)

| [ | | [ I

Shared RAM Bus Switch

The COB (controller on bus) output of the shared RAM arbitrator (located
primarily on the Math Coprocessor option) controls the Shared RAM Bus
Switch. This switch routes either the math or controller memory signals
(address lines, data lines, write control signal, and read control
signal) to the Shared RAM Array, the Shared RAM Address Decoder, and the
Write Lockout Circuit. The data lines are switched by a pair of
tri-state octal transceivers (U27, U33). The address lines are switched
by a set of two-to-one data selectors (U36, U41, UU43, U4B). The write
signal is switched by a pair of tri-state gates (U37 pins 2, 3, 9, 8),
and the read signal is switched by another pair of tri-state gates (U37
pins 12, 11, 5, 6).

Write Lockout Circuit
When instrument power is off, the WE(L) input to all RAM chips (BWR(L))
is isolated by Q1 from the Shared RAM Bus Switch. The BWR(L) signal is

pulled up to the battery supply by a 470 ohm resistor for further
protection while power is off.
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) FUNCTIONAL DESCRIPTION

The Data Logger display board communicates with the controller over the
device bus. Its three functions include controlling the vacuum Fluorescent
display, controlling the beeper, and scanning the keyboard to detect key
entries. These three functions are accomplished by nine separate circuit
sections:

PIO Interface

Microprocessor

Keyboard Control

Beeper

Power Supply

Display I/0

Dot Select Logic

Character Select Logic

Vacuum Fluorescent Display Tube

O 000000 O0O0

Figure 3-20, the Display Assembly Block Diagram, shows how the nine
blocks of the display assembly work together. A brief description of
each block follows in the block diagram analysis.

BLOCK DIAGRAM ANALYSIS

(o)

PIO Interface

The PIO interface is a parallel interface through which all
communication with the system controller occurs. In addition to the
eight-bit bus through which all data is transferred, eleven lines are
used to control the exchange of data. Two of these provide the board
address, two define the type of transaction which is to occur, four
allow for handshaking, one is an interrupt line, one is a reset line,
and one is a busy line.

Microprocessor

The microprocessor on the display assembly is a high speed 8T49.
This enables display refresh operations to be done entirely through
software, while also handling all other communication and control.
Keyboard Control

This circuitry is used by the microprocessor to control the front
panel LED's and interrogate the keyboard to determine if any keys
have been pressed. Sets of lines are sent to the keyboard to strobe
the keys, to read back the state of the keys, and to turn on the
LED's.

Beeper

The beeper circuitry generates the audio tone that is emitted during
keyboard entries.
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o Display Power Supply

The display power develops +55 volts DC and 8.9 volts AC from the
mainframe +24 volts, with the supply drive logic running on +5 volts.
The power supply drive signals are derived from the microprocessor
generated address latch enable (ALE) signal.
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Figure 3-20. Display Assembly Block Diagram
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o Display I/0

This section of circuitry controls the flow of addresses and data to
and from the microprocessor. Included are buffers for the data bus
lines, and address latches and decoders.

(o} Dot Select

The dot select logic is used to excite the appropriate dots within
a selected character in the vacuum Fluorescent display.

o Character Select

The character select logic is used to select and drive one of
the 40 characters in the display.

o Vacuum Fluorescent Display Tube

The vacuum tube contains 40 characters made up of 5 by 7 dot
matrices, where each character is selectable. The dots of the
characters are wired in parallel.

CIRCUIT ANALYSIS

The following analyses are based on the simplified schematic diagram for
the display board, Figure 3-20.

PIO Interface

Control lines IC5, IC6, RDRDY(H), and WRRDY(H) are terminated with series
resistors in Z3, buffered by U25, and read directly by the processor
through port 1. When both address lines IAO and IA1 are driven low by the
controller board through Z4, U23 asserts ADDRESSED(L), enabling the
tri-state buffers of U24 to output processor-generated signals RDSTB(L),
WRSTB(L), and BUSY(H). Mainframe signal BRST(L), which is pulled up and
terminated by ZU4, drives U25 and U28, holding the display board logic in a
reset state until BRST(L) is released by the controller board. Data is
sent out on the PIO bus by first clocking and latching it into U30 with
CKB(L) from U5, and then enabling its tri-state outputs with U23. U30 is
enabled onto the PIO bus when ADDRESSED(L) is asserted, and port 2-5 of
U22 is low. Incoming data is read from the PIO bus through Z6 and Z7 when
U29 is enabled by READ(L).

Microprocessor

The 8749, U22, has onboard EPROM and RAM, and uses an 11 MHz crystal.
Port 1 is used for PIO bus communication, while port 2 controls the
beeper, keyboard communication, character selection, and PIO
communication. The processor is placed in reset mode when BRST is
asserted, and processor-generated signals ALE, READ, and WRITE are all
utilized to implement display board operations.
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Keyboard Control

Communication with the keyboard assembly is managed by U36, an 1/0
expander IC. Four outputs of U36 are decoded by U35 to set 1 of 16 lines
low. By monitoring the four row read lines while strobing the 16 columns,
keys on the 16 by 4 matrix keyboard that have been pushed can be
identified. The I/0 expander also controls LED driver U34, which drives
the keyboard LED's through current setting resistors R14 to R19.

Beeper

Flip-flop U26 takes a 5.72 kHz clock generated by U33 from ALE, and
divides it by two whenever port 2-6 of U22 is low. The output of U26
turns FET switch Q1 on and off, driving the electro-magnetic beeper LS1.
R2 sets the output volume, R1 limits the current through LS1, and CR4
protects Q1 from voltage spikes on turn-off.

Display Power Supply

The power supply drive signals are derived from the 733 kHz ALE. This is
divided down by U31 when it ANDs three outputs of counter U33 together to
produce a 91.7 kHz, 1/8-duty-cycle clock. The resulting output toggles
flip flop U26, and is also ANDed with the outputs of the flip flop by U31
to generate the bi-phase, non-overlapping, 7/16 duty cycle signal used to
alternately drive Q2 and Q3. If BRST is asserted, U31 keeps Q2 and Q3
off. These transistors drive each end of a center-tapped winding in T1,
whose center-tap is tied to +24 volts through fuse F1. One secondary
output of T1 is full-wave rectified by CR1, CR2 and C2 to produce +55
volts de for the display anodes and grids, while the other secondary
winding of the transformer generates 8.9 volts ac for the display
filaments. The filament supply is biased at a +10 volt dec potential by
CR3 and R3, allowing the display tube drivers to pull the anodes and grids
to 10 volts below the filament dc voltage, thereby turning the display
fully off.

Display 1/0

Since the 8749 uses a multiplexed address and data bus for external 1/0
transactions, Ul4, the address latch, holds the address. The ALE signal
of the microprocessor clocks the address into U4. The most significant
bit of address latch U4, A7, in combination with the WRITE(L) line
enables either the 1/0 address decoder U5 or the character select
latches. The Y1 to Y5 outputs of address decoder U5 clock and latch dot
information into the dot latches, while Y6 clocks data into PIO bus
lateh U30, Y7 clears all dot latches, and Y0 clears the character select
latches.
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Dot Select Circuitry

To light up a selected character, +55 volts must be applied to the anode
of each dot in the 5 by 7 pattern desired. To select the dots, five
bytes, each containing information for seven dots, are clocked out to
dot latches U8, U9, U10, U13, and U14. The outputs of these latches
control dot drivers U1, U2, U3, U6, and U7 respectively, which convert
the TTL-level inputs to O or +55 volts to drive the 35 display anodes.

Character Select Circuitry

Character selection is performed by a set of addressable latches and
high-voltage drivers which drive the grid of the one character of 40
desired. Each grid is selected by the six bit address that corresponds to
the number of the grid desired. The upper three bits are sent to U12,
which acts as a data steering decoder, sending the data bit received from
port 2-7 of the microprocessor on to latch U18, U19, U27, U32, or U37,
depending on the address. The lower three bits plus the data bit are
latched into the character select latches by U23, which looks at A7 and
WRITE. In this way, a high bit is steered from port 2-7 to one of five
latches, of which one output of 8 is chosen by the lower three address
bits, and one output is enabled. This output allows one of the 40 drivers
in U15, U16, U17, U20, or U21, to drive the desired character grid to +55
volts. The character is cleared when YO of U5 clears the character select
latches.

DISPLAY REFRESH CYCLE
The display of all 40 characters is refreshed every 10 milliseconds,
giving a 100 Hz refresh rate per character. Within one character refresh

cycle, the following events take place:

1. Dot information for the character to be refreshed is fetched from
data memory.

2. Y7 of U5 is pulsed to clear the previous dot data from the five dot
latches.

3. YO of U5 is pulsed to clear the five character select latches.

y, The address of the character to be enabled is written out, with port
2-T7 held low to prevent selecting a grid driver, and thereby prevent
"ghosting" of the display.

5. Five bytes of dot information are latched out into the dot latches
using Y1 to Y5 of U5 to clock in the data.

6. The address of the character grid to be enabled is written out, this
time with port 2-7 high, so that the character lights up.

T. The character is left on until the next character is refreshed.
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Vacuum Fluorescent Display Tube

The display consists of 40 characters, each a 5 by 7 dot matrix. Filament
wires, which run the length of the display tube carry an ac voltage that
boils off electrons. A character is selected by taking one of 40 grids to
a +55 volt level, causing electrons to accelerate through the selected
grid. These electrons then strike the individual dots or anodes which
have been set to +55 volts, causing their phosphorescent material to emit
light. Since the anodes of each character are in parallel, the characters
must be multiplexed, as described in the previous sections.

Printer
FUNCTIONAL DESCRIPTION

The Data Logger printer is 40-column thermal printer with automatic paper
takeup. Two assemblies control the printer: the Printer Interface Assembly
and the Printer Driver Assembly. The Printer Interface Assembly receives
the information to be printed from the controller assembly over the PIO
Bus. The two assemblies together control all aspects of printing,
including: enabling power to the printer motor, formatting and assembling
individual rows of dots to be printed, enabling drive current to the
thermal printhead elements, sensing operator switches to feed paper and
disable the paper takeup, and communicate out of paper conditions to the
controller assembly. These functions are accomplished by the major circuit
blocks shown in Figure 3-21, the Printer Block Diagram, and discussed in
the following paragraphs.

BLOCK DIAGRAM ANALYSIS
0o Microprocessor and ROM

The microprocessor on the Printer Interface assembly is an 8039 running
at a frequency of 6 MHz. The microprocessor's program is stored in a 2
K-byte EPROM. This EPROM also contains the dot-matrix character
generation tables.

(o} PIO Bus Interface

The PIO Bus is a parallel interface through which all communication
with the controller assembly takes place. In addition to the
eight-bit bus to transfer data, there are two lines that address the
assembly, two lines that identify the type of bus transaction, one
interrupt line, and a few handshake signals.

o Power Supply Arbitration Logic

To reduce the power consumption of the instrument, the printer is
not allowed to print while the 2280 cartridge tape option in the
2280A or the 2280B Data Logger is in operation. This logic allows
the printer and 2280 cartridge tape subsystems to coordinate usage
of the power supply.
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Printer Mechanism

A dot-matrix thermal printer mechanism is used in the Data Logger. A
dot is printed on the thermal sensitive paper when a resistive

element in contact with the paper heats up. The printer has 40 such
thermal elements, each responsible for printing all the dots for one
character, one dot at a time. The thermal printing elements are mounted
on a mobile print head which is moved back and forth over the paper by
an eccentric cam attached to the printer motor shaft.
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o Printer Control Logic

This logic provides the timing and synchronization required to receive
printhead location information from the printer mechanism and in turn
generate the signals to enable and time the current drive to the
thermal print elements.

o Printer Motor Control

The printer motor speed is important to achieve good print quality.
An adjustable voltage regulation circuit allows the assembly to
accommodate the mechanical variations in printer mechanisms. This
circuitry also allows the microprocessor to turn the motor off and
on. -

o Take-up Motor

A simple motor driven take-up spool is provided to store printed paper
for later reading. This take-up motor can be disabled by a front panel
sWwitch thereby allowing the user to pull out and review printouts.
When the take-up motor is enabled, the paper will automatically be
stored on the take-up spool.

0 User Interface Switches

A single multi-position front panel switch allows the operator to
enable and disable the paper take-up and advance the paper.

A switch mounted on the Printer Interface assembly (behind the front
panel of the Data Logger) causes a test pattern to be printed. This is
used when making intensity or timing adjustments.

o Out Of Paper Detect
A switch mounted in the path of the paper allows the microprocessor to

detect out of paper conditions and report them to the controller
assembly and in turn inform the operator.

DETAILED CIRCUIT ANALYSIS

Microprocessor and ROM
The 8039 microprocessor (U6) executes instructions and reads character
generation data from EPROM (U8). The lower eight bits of the address to
the EPROM is captured in an octal latch (U7) by signal ALE (Address Latch

Enable) and the EPROM data is read when the processor generates PSEN
(Program Store Enable).

3-55



3/Printer

The microprocessor contains two 8-bit input/output ports, referred to
in this circuit analysis as p1 and p2. The lower 3 bits of p2 (p2 bits
0, 1 and 2) provide the most significant address lines to EPROM (U8).
The remainder of the lines have dedicated purposes, either as status
lines read by the processor, or control signals output from it. There
are also two input lines, TO and T1, and an output line PROG, that have
dedicated purposes.

There is also an 8-bit addressable latch (U9) containing more control
signals. The value of a bit is changed with a pulse on WR(L). As the
pulse occurs, data bits DB1 to DB3 select which bit to change, and DBO
gives its new value.

Table 3-10 summarizes the control and status lines and what they do.

Capitalized names appear on the schematic; those in lower case are
provided for clarity. '

Table 3-10. Printer Control and Status Lines

U9,Q7| Unused
l

| LINE | 1IN/OUT | NAME | WHERE DESCRIBED |
| ==~~~ e e e e EE S e PR PP e |
| P1-0 | IN | IC5 | Device Bus Interface |
| P1-1 | In | IC6 | Device Bus Interface |
| P1-2 | In | RDRDY | Device Bus Interface |
| P1-3 | In | Addressed | Device Bus Interface |
| P1=4 | Out | PTRINT (L) | Device Bus Interface |
| P1-5 | In | SW1 (L) | User Interface Switches |
| P1-6 | In | SW2 (L) | User Interface Switches |
| P1=-7 | In | ON/OFF | User Interface Switches |
| I l I : |
| P2-0 | Out | A8 | User Interface Switches |
| P2-1 | Out | A9 | User Interface Switches |
| pP2-2 | Out | A10 | User Interface Switches |
| P2-3 | Unused | I [
| P2-4 | In | CTON | Communication With Cartridge Bd. |
| P2-5 | Out | Motor On | Printer Motor Control |
| P2-6 | In | Latch | Printer Operation |
| P2-7 | In | EOP (L) | End of Paper Detect |
[ [ [ | |
| TO | In | Test Switech | Self Test |
[ T1 | In | sp1/sp2 | Printer Operation |
| INT | In | Doe Held Off | Printer Operation |
| PROG | Out | DCLK (L) | Printer Operation |
| I | | |
| U9,Q0| Out | DSTB | Printer Operation |
| U9,Q1]  Out | Start Doe | Printer Operation |
| U9,Q2] Out | Out of Doe | Printer Operation |
| U9.Q3] Out | TMON | Take Up Motor |
| U9,Q4| Out | PRON | Communication With Cartridge Bd. |
| U9,Q5] Out | RDSTB (L) | Device Bus Interface |
| U9,Q6| Out | BUSY | Device Bus Interface |
| I l I
[ l | |
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PIO Bus Interface

Unlike all other logging and interface assemblies that communicate with
the Controller Assembly using the PIO Bus, the printer only receives
information from the controller; it cannot send information to the
controller. The control lines IC5, IC6 (Interface Control), and RDRDY
(Read Ready) are read through buffers by the microprocessor at pl1 bits
0, and 2. When address lines IAO and IA2 (Interface Address) are
simultaneously driven low by the controller, p1-3 goes to a logic zero,
enabling the tri-state buffers (U5, pins 11 and 13) for BUSY and
RDSTB(L) (Read Strobe) onto the PIO Bus. Signals BUSY and RDSTB(L) are
set by U9,Q6 and U9,Q5. Signal PTRINT(L) (Printer Interrupt), driven by
p1 bit 4, is asserted whenever BUSY is changed from a logic one to a
logic zero, or when the printer runs out of paper (see heading Out of
Paper Detect).

Data is accepted from the PIO Bus when the processor asserts RD(L) (Read),
enabling data from the PIO Bus onto the internal data bus (drivers U5 and
u12).

Power Supply Arbitration Logic

To reduce maximum power consumption, the printer does not print while the
cartridge drive is in operation. The PRON (Printer On) and CTON (Cartridge
On) signals are used by the two devices to make this possible. PRON is
generated by the printer interface board (U9,Q4) and CTON is generated by
the cartridge interface board (read at p2 bit 4).

If the printer is ready to print a line, it waits for CTON to be
retracted before proceeding. Once CTON is low, the printer asserts PRON
high and checks CTON again, just in case the cartridge asserted it while
the printer was asserting PRON. If CTON is now asserted, the printer
retracts PRON and waits again; otherwise, the printer prints the line.

When it is ready to run the tape drive motor, the cartridge asserts CTON
and waits for PRON to go low. This handshake scheme gives the cartridge
priority over the printer.

Printer Mechanism
The printer used by the Data Logger is a dot-matrix thermal printer.

Signals SLR, SP1, and SP2 are generated by the printer to inform the
control logic of the printhead location. The microprocessor uses these
signals to synchronize current to the resistive thermal elements with
the print head position. Signal SLR occurs when the print head is at its
rightmost position. Signals SP1 and SP2 then take turns indicating when
it is time to print another dot. There are seven dot positions per row.
Signal SP2 occurs first on a right-to-left sweep of the print head; SP1
occurs first in the other direction.
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For timing relationship of signals SLR, SP1, and SP2 see Figure 3-22.
Pulses of signal SLR occur approximately 55 milliseconds apart.
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Figure 3-22. Printer Pulse Timing Relationships

The print head position signals are first debounced by flip-flops (U10)
clocked by the ALE signal from the processor (400 kHz), then read by the
processor. The debounced SLR is read at p2 pin 6. Signals SP1 and SP2
toggle a J-K flip-flop, read at T1 which goes high when SP1 occurs, and
low when SP2 occurs. The flip-flop maintains its previous state when
either signal is retracted. Figure 3-23 shows the order for dot printing.
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Figure 3-23. Sequence for Dot Printing
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Printer Control Logic

All information required for forming characters and symbols is stored in
the EPROM, as is the control program for the 8039 microprocessor. Dot data
for the next 40 dots to be printed (one for each element) is clocked
serially to the dot registers on the driver board by pulses on DCLK (Data
Clock) which is derived from the PROG line from the processor. The next dot
to be clocked is presented on p2 bit 0. The D flip-flop (U4) on the
interface board adds an additional serial stage to the data train to the
driver board. In this manner, 41 pulses are required to load the 40 dots
into the registers.

After the data has been clocked out in this fashion, a pulse on DSTB (Data
Strobe) (U9, Q0) moves the data from the serial portion of the dot
registers (U2, U3, U5, U6, and U7 on the Printer Driver Assembly) to their
outputs. A positive pulse on DOE (Data Output Enable) takes the registers
out of tri-state, causing a row of dots to be printed. Each dot register is
coupled to a thermal element through a Darlington-transistor driver (U1,
u4, U8, U9, U10, and U111 on the Printer Driver Board) that provides the
current necessary to turn on the element. A logic one causes a dot to be
printed. Each thermal element has a series resistor to reduce the effect of
thermal element resistance on the darkness of the dots in one character
position.

A pulse of DOE is initiated by a pulse on U9 and Q1. If R16 is placed at
R16A, DOE is held off for the pulse width of a one-shot (U11, pins 1 to 6),
that is controlled by potentiometer R13. Placing R16 in the other

position, R16B, disables this hold-off entirely by removing this

one-shot from the circuit. This hold-off allows adjustment of the
alignment of consecutive rows of dots. The adjustment of R13 is required
because of variations in the cam-and-spring arrangement that moves the
print head back and forth.

After the one-shot has timed out (or immediately if R16 is placed at
R16B) a second one-shot (U11, pins 10 to 15) fires, asserting DOE. The
darkness of the printing is determined by the length of DOE, which can
be varied by potentiometer R5 on the driver board. The processor limits
the pulse width to a maximum of 2.4 milliseconds by forcing the DOE
one-shot to the reset state (U9, Q2). The INT (Interrupt) input to the
microprocessor indicates that DOE has started by changing to a logic 0
state, enabling the processor to accurately gauge the length of DOE. A
DOE pulse width of greater than 2.4 milliseconds exceeds a safe
operation specification for the thermal elements.

Printer Motor Control

The printer motor is controlled by the voltage regulation network
consisting of Q1 to 3, R3 to 5, R10 to 12, CR1 and CR2, and C11. A logic
one at p2 bit 5 turns the motor on, and a logic O turns it off. When p2
bit 5 is turned off, Q1 acts as a brake by drawing current from the motor
at PM+ (J15,18). Potentiometer R11 adjusts the motor voltage, and thus the
speed of printing. The motor voltage has an adjustment range 12 to 19.5
volts.
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The motor speed has an effect on the alignment of printing because of
the dynamic response of the print head moving assembly. That is why the
ad justment procedure in Section U4 specifies that R11 be set for the
proper value before R13 is adjusted.

Take-up Motor

The printer take-up motor is controlled by TMON (U9,Q3) (Take-up Motor
On). A logic one turns the motor on by turning on a Darlington
transistor (U11, pin 6,11) on the driver board.

User Interface Switches

Two user-interface switches are mounted on the printer assembly. One is
mounted on the printer front panel; the other is mounted on the printer
driver board.

The front panel switch has three positions labeled TAKE-UP OFF, TAKE-UP
ON, and PAPER ADVANCE. When the switch is in the first position, the
take-up motor is turned off. In the other two positions, the take-up
motor is turned on. The paper-advance position is a momentary-contact
position that causes the paper to advance smoothly in increments equal
to the height of a printed line. The position of the switch is indicated
on the schematic by the lines SW1 and SW2 (J15, 16, and 10).

The switch mounted on the printer driver board is the printer on/off
switch. When the switch is in the off position, only the paper-advance
function works. While the printer is off, anything that would ordinarily
be printed is discarded. The position of this switch is indicated on the
schematic as ON/OFF (J15,19).

The printer self-test switch S1 is monitored by processor signal TO.
When the printer self-test switch is pushed in, the printer enters the
self-test mode. In the self-test mode, the printer prints a test pattern
consisting of full rows of the capital letter "I". Pushing the switch
again causes the printer to exit the self-test mode and stop printing
the test pattern. The printer user-interface switches retain their usual
function while the printer is in the self-test mode.

Out Of Paper Detect

A microswitch mounted on the driver board detects the presence of paper
feeding the printer. Signal EOP(L) (End of Paper) reflects the status of
this switch, assuming a value of logic O when the printer is out of

paper. If this switch is in the "up" position, the printer signals the
controller of the condition by driving the PTRINT (Printer Interrupt) line
low and the BUSY line high. The controller acknowledges the lack of paper
by addressing the printer to write to the controller. When this is done,
the PTRINT line is retracted. All subsequent lines to be printed are
discarded and all printer activity ceases until a new roll of paper has
been loaded.
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Microfloppy Disk Drive
,) FUNCTIONAL DESCRIPTION

The 2286 contains a microfloppy disk drive that uses double-sided, 3.5-
inch high or low-density microfloppy disks. Files on the microfloppy
disk can be created, deleted, read, and listed using the 2286. The 2286
also formats microfloppy disks to 1.44M and 720K MS-DOS formats.

The microfloppy drive is controlled by a single interface board called
the Microfloppy Interface. The 2286 Controller assembly sends commands
to the Microfloppy Interface via the internal PIO Bus. The Microfloppy
Interface then executes the commands, controlling the drive spindle
motor, positioning the drive read/write heads, transferring data to and
from the disk, sending and receiving data over the PIO Bus, and replying
to the 2286 Controller assembly on the success or failure of the
operation.

The Microfloppy Interface is made up of the major circuit blocks shown
in Figure 3-21 and described below.

BLOCK DIAGRAM ANALYSIS
o Clock

Two clocks are derived: one for the microprocessor and one for the
microfloppy disk controller.

o] Microprocessor and ROM

The Microfloppy Interface board is controlled by an 8-Mhz 280
microprocessor. The 2Z80's program is stored in a 32K byte EPROM
residing in the lower half of the Z80's 64K byte memory address range.

o RAM and Memory Banks

A 32K byte static RAM occupies the upper half of the Z80's memory
address range. A minimum of 32K bytes of RAM is installed on the board,
however, provisions are made to expand the on-board RAM to 512K bytes.
This is accomplished using 16 selectable banks of 32K bytes of RAM.

o Address Decoder
Memory and I/0 address decoding is performed by a single programmable
logic array. This chip decodes input signals to produce enable and

clock signals for ROM, RAM, microfloppy disk controller, PIO interface,
status signals, and on-board latches.

3-61



3/Details of Microfloppy Disk Drive

sSNg vivd

SnNg SS34HAav

-m:m-

viva oid

INIdL

Asng

g1SHM

AdHdm

g1say ’

Addad

90l

SOl

evl

cvi

1544

aFTIvIsN” L1 SLVLS ov
A
Y Y
.
on
-3sia \ A A
H
0N m i 8N
‘ ‘ -F
Trard| (Swois| | -1Noo 8 cniniz
“Shwa| ™| vsia 9 HOVAHILNI
AddO14 d NINVH " snd old
-OHOIN m NIWo
—————
hlZ— 3 . ‘
"_u SLY‘PV'EY Né « gaav
W
ZHN 9L ZHW 8
S o
- RER N N30Id
—Sour 14300030 ss3yaav >
MO010
Hoal
"Hoai
N30a4
®
adsis

Figure 3-24. Microfloppy Interface Block Diagram
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o PIO Bus Interface

The PIO interface is a parallel interface through which all
communication with the 2286 system controller occurs. In addition to an
eight-bit data bus, 11 signals are used to control the exchange of
data. Two of these provide the board address, two define the type of
transaction thatis to occur, four allow for handshaking, one is an
interrupt, one is a reset, and one is a busy signal.

o Status Signals

Three additional signals are read by the Microfloppy Interface board.
Two of these are disk drive interface signals and one is used in the
factory.

o} Microfloppy Disk Controller

The WD37C65B microfloppy disk controller is a single CMOS LSI chip that
provides most of the interface between the Z80 microprocessor and the
disk drive. Contained within this chip are the disk drive receivers and
buffers, clock and data rate selection circuits, the write
precompensation circuit, and the data separator.

o] Microfloppy Disk Drive

The double-sided microfloppy disk drive uses industry standard 3.5 inch
disks and is powered by a single +5 Volt supply. The drive is capable of
data transfers of either 500K bytes-per-second or 250K bytes-per-second
allowing for both high and low density disk formats. Two internal index
hole switches detect the position of the write protect tab and high
density media. ‘

o Self-Test Status LED

An LED on the Microfloppy Interface board is illuminated while
self-tests are being performed and when a self-test fails.

CIRCUIT ANALYSIS

Clock
A TTL oscillator, Y1, provides a 32 Mhz clock to U10, a dual D
flip/flop. U10 is configured to divide the input clock and provide 16

Mhz to the microfloppy disk controller, U11, and 8Mhz to the
microprocessor, U9.
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Microprocessor and ROM

RAM

The microprocessor, U9, is a CMOS Z80 8-bit processor capable of
addressing 64K bytes directly with its 16-bit address bus. During
memory operations the microprocessor asserts its memory request MREQ(L)
line low while its IORQ(L) line is high. I/0 operations are just
opposite with the I/0 request IORQ(L) line asserted low and the MREQ(L)
line high.

On the Microfloppy Interface, the microprocessor, U9, receives its
instructions from U8, a 32K x 8 EPROM. U8 is selected by ROMEN(L) on
pin 20 when the microprocessor line A15 is low, MREQ(L) is low, and
IORQ(L) is high. After the RESET(L) line on pin 26 of the
microprocessor goes high at power-up, the first instruction is fetched
from address O.

The microprocessor, U9, is interrupted by the microfloppy disk
controller, U11, during disk operations. A maskable interrupt occurs
when pin 16 of the microprocessor is pulled low. One of U2's NOR gates
is configured to invert the interrupt signal from U11 since U11's
interrupt signal is the opposite sense of the microprocessor's.

M1 is a Z80 output used to indicate either an opcode fetch or interrupt
acknowledge cycle. Its use on the Microfloppy Interface is to provide a
quick verification of the operation of the microprocessor by testing for
activity at test point TPT.

and Memory Banks

The 32K x 8 CMOS static RAM, U7, provides all read/write memory for the
Microfloppy Interface. U7 is selected by RAMEN(L) on pin 22 of the
32-pin socket when line A15 of microprocessor U9 is high, MREQ(L) is
low, and IORQ(L) is high. The RAM location being accessed is decoded by
U7 using address bits A0 through A14. Data is read from U7 when it is
selected and the microprocessor asserts its RD(L) line. Data is written
to U7 when it is selected and the microprocessor asserts its WR(L) line.

The 32-pin socket for U8, jumper W1, and U5 latch outputs Q4 through Q7
are installed for future expansion. Together they will allow for up to
512K bytes of expanded RAM within the Z80 64K byte address range by
selecting 16 RAM banks of 32K bytes each. Each bank is selected by
setting the U4-bit bank select address on memory map latches of U5: MMO,
MM1, MM2, and MM3. At power-up, the RESET(L) signal on pin 15 of U5 will
force RAM bank O to be initially selected. For larger RAM, W1 will be in
the 128K+ position.
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Both memory and 1/0 address decoding is performed by U6, a P16L8
programmable logic array. The microprocessor, U9, provides the

memory request line MREQ(L), I/0 request line IORQ(L), read and write

lines RD(L) and WR(L), and the address lines A15, A4, A3, and A2 to U6.

The U2 NOR'd output of IA2(L) and IA3(L) provides the ADDR(H) signal to

U6. These inputs to U6 yield the active low outputs as shown in Table 3-11.

Table 3-11. U6 Truth Table

U6 inputs RD(L) WR(L) MREQ(L) IORQ(L) A15 A4 A3 A2 ADDR(H)
U6 outputs |

LATCHWR(L) : 0 1 0 X 0 0 X X
PIOEN(L) : X 1 0 X 0 1 0 1
STSRD(L) : X 1 0 X 0" 1 1 X
FDCEN(L) } X 1 0 X 1 0 0 X
LDOR(L) : X 1 0 X 1 0 1 X
LDCR(L) : X 1 0 X 1 1 0 X
ROMEN(L) : X 0 1 0 X X X X
RAMEN(L) : X 0 1 1 X X X X

X = don't care

The address decoder, U6, output Latch Write LATCHWR(L), pin 12, clocks
the state of the microprocessor, U9, data line DO into the addressed
latch of the 8-bit addressable latch, U5. Table 3-12 describes the
addressing of the eight latches in U5.

Table 3-12. U5 Latch Outputs

1/0 ADDRESS LATCH OUTPUT OUTPUT NAME

PURPOSE

QO
Q1
Q2
Q3
Q4
Q5
Q6
Q7

~NOoONEWN -0

pin
pin
pin
pin
pin
pin
pin
pin

BUSY(L)

TPINT(
HDOUT
LED(L)
MMO
MM1
MM2
MM3

L)

Microfloppy Interface busy signal
Microfloppy Interface interrupt

Disk drive density control

On board self-test status LED control
RAM bank select control (LSB)

RAM bank select control

RAM bank select control

RAM bank select control (MSB)
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The PIO Enable address decoder output PIOEN(L), U6, pin 13, enables the
microprocessor, U9, data bus onto the PIO interface bus though the 8-bit
bi-directional buffer U4. The Microfloppy Interface performs a PIO bus
write by writing to I/0 address 8 and a PIO bus read by reading from I/0
address 9. The microprocessor address line AQ selects the directions of
the bi-directional data buffer, Ul4. Note that PIOEN(L) requires the
board to be addressed, ADDR(H) high, to be asserted.

The Status Read STSRD(L) output of the address decoder, U6, pin 14,
enables the status buffer, U1, inputs onto the data bus of the
microprocessor, U9. The microprocessor obtains these eight bits by
reading from 1/0 address OC hex. These bits and their meaning are shown
in Table 3-13.

Table 3-13. U1 Status Buffer Data Bits

STATUS DATA BIT BIT NAME BIT MEANING
DO HDIN Disk drive density select input
D1 DISK CHANGE(L) Drive disk change
D2 INSTALLED(L) Microfloppy Interface installed in chassis
D3 RDRDY(H) PIO read ready
D4 WRRDY(H) PIO write ready
D5 1C5 PI0O communication control
D6 IC6 PIO communication control
D7 ADDR(H) Microfloppy Interface addressed

The three microfloppy disk controller select signals produced by the
address decoder, U6, are Floppy Disk Controller Enable FDCEN(L) on pin
15, Load Operations Register LDOR(L) on pin 16, and Load Control
Register LDCR(L) on pin 17. The signals are selected by a microprocessor
1/0 operation at the addresses specified in Table 3-14.

Table 3-14. U11 Microfloppy Disk Controller Enable Signals

I1/0 ADDRESS MDC SELECT SIGNALS  PURPOSE

10 hex FDCEN(L) Read from MDC main status register

11 hex FDCEN(L) Read from or write to MDC data register
14 hex LDOR(L) Write to MDC operations register

18 hex LDCR(L) Write to MDC control register

MDC = microfloppy disk controller
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ROM Enable ROMEN(L) and RAM Enable RAMEN(L) chip select signals are
produced at pins 18 and 19, respectively, on the address decoder, U6,
during memory operations. The state of address line A15 of the
microprocessor, U9, determines whether ROM or RAM is selected. Table
3-15 provides the following address ranges.

Table 3-15. Memory Address

MEMORY ADDRESS SELECTED
0000 - TFFF hex ROM U8
8000 - FFFF hex RAM U7

Bus Interface

At power-up signal line BRST(L) is held low momentarily to reset the PIO
bus devices. This signal line, terminated with a series resistor in Z1
and buffered by U3, provides a RESET(L) signal to the 280
microprocessor, U9, and the 8-bit latch, U5. RESET(L) is input to a NOR
gate in U2, configured as an inverter, to provide a RESET(H) signal to
the microfloppy disk controller, U11.

The PIO bus interface signals IA2(L) and IA3(L) address the Microfloppy
Interface board when both signals are low. These address signals are
terminated with series resistors in Z1 and become the inputs to a NOR
gate in U2. The output of this NOR gate is the addressed signal,
ADDR(H). The ADDR(H) signal provides one input to the addressable
status buffer, U1. Microprocessor U9 reads the addressable status
buffer to enable ADDR(H) onto data line D7 to test if the board is
addressed. The ADDR(H) signal is also input to the address decoder,
U6. A NOR gate in U2, configured as an inverter with ADDR(H) as input,
produces a ADDR(L) signal to enable a buffer in U3 to allow the
Microfloppy Interface signal BUSY(H) onto the PIO bus.

The Microfloppy Interface sets its BUSY(H) signal high when it is busy
performing a function that temporarily prevents communication with the
2286 Mainframe. Microprocessor U9 writes a 1 to Q0 of the 8-bit latch,
U5, when the busy signal is active, and a 0 to indicate the busy signal
is no longer active. As mentioned earlier, when the Microfloppy
Interface is addressed, the BUSY(H) signal is enabled onto the PIO bus.
This allows the 2286 Mainframe to test the state of the BUSY(H) line
without intervention of U9.

When the board is addressed, ADDR(H) high, the signals IC5 and IC6 tell
the Microfloppy Interface what type of transaction is to take place.
IC5 and IC6 are terminated with series resistors in Z1 and become
inputs to the addressable status buffer, U1. The microprocessor, U9,
reads the addressable status buffer, placing IC5 and IC6 on data lines
D5 and D6 respectively, to determine the PIO transaction to take place.
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If the transaction is to be a PIO bus write to the 2286 Mainframe, the
Microfloppy Interface must wait for the WRRDY(H) signal to go high. The
write ready line, WRRDY(H), is terminated with a series resistor in Z1
and input to the addressable status buffer, U1. The microprocessor, U9,
reads the addressable status buffer, enabling WRRDY(H) onto the data
line D4, to determine when the 2286 Mainframe is ready to be written to.

When the 2286 Mainframe is ready to accept data from the Microfloppy
Interface, the microprocessor, U9, writes the data to the bidirectional
PIO data buffer, U4, with its address line A0 low to specify data output
to the bidirectional buffer. At the same time, the microprocessor

write signal, WR(L), is enabled onto the PIO bus via a buffer in U3, to
provide an active low write strobe, WRSTB(L), to latch the data to the
2286 Mainframe.

A PIO bus read from the 2286 Mainframe is similar to the PIO bus write
described above. The Microfloppy Interface must wait for the RDRDY(H)
signal to go high. The read ready line, RDRDY(H), is terminated with a
series resistor in Z1 and input to the addressable status buffer, U1.
The microprocessor, U9, reads the addressable status buffer, enabling
RDRDY(H) onto the data line D3, to determine when the 2286 Mainframe is
ready to be read from.

When the 2286 Mainframe is ready to send data to the Microfloppy
Interface, the microprocessor, U9, reads the data from the

bidirectional PIO data buffer, U4, with its address line AO high to
specify data input from the bidirectional buffer. At the same time,

the microprocessor read signal, RD(L), is enabled onto the PIO bus via a
buffer in U3, to provide an active low read strobe, RDSTB(L), to enable
the data onto the PIO data bus.

When the Microfloppy Interface needs to interrupt the 2286 Mainframe, it
sets its TPINT(L) signal low. The microprocessor, U9, writes a 0 to

Q1 of the 8-bit latch, U5, to assert the interrupt and a 1 to

de-assert the interrupt.

Status Signals

Three status signals unrelated to the PIO Bus interface are read through
the addressable status buffer, Ul. They are HDIN, DISK CHANGE(L), and
INSTALLED(L).

The High Density Input signal read on data line DO. This signal is
activated when a microfloppy disk drive with a media density output on
pin 2 of the drive signal connector is used. HDIN is also read to
determine if jumper W2 is installed. W2 is installed when a microfloppy
disk drive with a density select input on pin 2 of the drive signal
connector is used.
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The signal DISK CHANGE(L) is input to the addressable status buffer, U1,
and read by the microprocessor on data line D1. This signal is asserted
low by the microfloppy disk drive on pin 34 of the signal connector to
indicate that a disk has been changed or is not installed in the drive.

The status signal INSTALLED(L) is read on data line D2 by the
microprocessor, U9, from the addressable status buffer, Ul. A resistor
in Z2 pulls this signal up so that INSTALLED(L) will read high when the
Microfloppy Interface board is operating outside a 2286 chassis. This
occurs only during factory testing of the board. In a 2286, this signal
should always read low.

Microfloppy Disk Controller

The CMOS WD37C65B single chip microfloppy disk controller, U11, provides
most of the interface between the disk drive and the microprocessor, U9.
The microprocessor sends commands and data to the microfloppy disk
controller via the data bus. Four registers within U11 can be accessed
at any time to control the disk drive or to read U11 and disk drive
status: the Master Status, Data, Operations, and Control registers.

The microfloppy disk controller Master Status register is used by the
microprocessor, U9, to determine U11 command execution status. It is
read when FDCEN(L) goes low, address line AO is low, and the
microprocessor asserts its read RD(L) low. The Master status register
cannot be written to.

The microfloppy disk controller, U11, receives commands, sends status,
and transfers data through its Data register. When the Master Status
register indicates to the microprocessor, U9, that U11 is ready for a
command, the microprocessor writes a command to the Data register
enabling FDCEN(L), setting address line AO high, and asserting its write
WR(L) low. During command execution, data is written to the microfloppy
disk controller the same way. The microprocessor reads status and data
read from the disk from the Data register by enabling FDCEN(L), setting
address line AO high, and asserting its read RD(L) low.

The Operations register in the microfloppy disk controller, U11,
controls the disk select and disk spindle motor operation. The
microprocessor, U9, writes to the Operations register by setting Ul1's
input LDOR(L) low and asserting its write WR(L) low.

To control the transfer rate of data (density) between the microfloppy
disk controller, U11, and the disk the Control register is written to.
The microprocessor, U9, sets U11's input LDCR(L) low and asserts its
write WR(L) low to latch the data bus to the Control
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register. Only data lines DO and D1 are significant: a binary 00 sets
the transfer rate to 500K bits per second and a binary 10 sets the
transfer rate to 250K bits per second.

Table 3-16 provides a listing of the pins used by U11, the microfloppy
disk controller, to interface to the disk drive.

Table 3-16. U11 Microfloppy Disk Controller

PIN DIRECTION NAME DESCRIPTION

RDD pin 20 From drive Read Disk Data Raw data read from disk

HS(L) pin 25 To Drive Head Select Low = side O, high = side 1
WE(L) pin 26 To Drive Write Enable Low = data can be written
WD(L) pin 27 To Drive Write Data Data written to disk

STEP(L) pin 29 To Drive Step Pulse Causes movement of head
DIRC(L) pin 28 To Drive Direction Low = move in, high = move out
DS1(L) pin 30 To Drive Disk Select 1 Low = enable disk 1 signals
DS2(L) pin 32 To Drive Disk Select 2 Low = enable disk 2 signals
MO1(L) pin 33 To Drive Motor On 1 Low = turn disk 1 motor on
MO2(L) pin 34 To Drive Motor On 2 Low = turn disk 2 motor on

WP pin 37 From drive Write Protect Low = disk is write protected
TROO pin 38 From drive Track 00 Low = heads are at first track
IDX pin 39 From drive Index Signals index hole in disk
Disk Drive

The microfloppy disk drive installed in the 2286 interfaces to the
Microfloppy Interface through two cables. Power for the drive is
provided through one cable, and the drive control and data signals are
provided through another.

The microfloppy disk drive requires only +5V dec for power. It is
supplied through a three conductor power cable that connects from P2 on
the Microfloppy Interface board to the drive rear power connector. +5V
dc is connected through pin 1 of the cable while the power supply return
is provided through pins 2 and 3. Pin U4 of the disk drive power
connector is left unconnected.
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The control and data signals for the microfloppy disk drive are
connected from the rear of the drive to P1 on the Microfloppy Interface
board through a 34 conductor ribbon cable. These signals are described
in Table 3-17.

Table 3-17. Signal Connector Pin Assignment

PIN SIGNAL DESCRIPTION PIN SIGNAL DESCRIPTION

l I [
| | I
I 1 Return | 2 Not Connected l
| 3 Return l y Not Connected |
| 5 Return | 6 Drive Select 3 |
| 7 Return | 8 Index |
| 9 Return | 10 Drive Select 0 |
| 11 Return |12 Drive Select 1 |
| 13 Return [ 14 Drive Select 2 |
| 15 Return | 16 Motor On |
b7 Return | 18 Direction |
| 19 Return | 20 Step |
| 21 Return | 22 Write Data |
| 23 Return | 24 Write Gate |
| 25 Return | 26 Track 00 |
| 27 Return | 28 Write Protect |
| 29 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>