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WARRANTY

John Fluke Mfg. Co., Inc. (Fluke) warrants this instrument to be free from defects in
material and workmanship under normal use and service for a period of one (1) year
from date of shipment. Software is warranted to operate in accordance with its
programmed instructions on appropriate Fluke instruments. It is not warranted to be
error free. This warranty extends only to the original purchaser and shall not apply to
fuses, computer media, batteries or any instrument which, in Fluke’s sole opinion, has
been subject to misuse, alteration, abuse or abnormal conditions of operation or
handling.

Fluke's obligation under this warranty is limited to repair or replacement of an
instrument which is returned to an authorized service center within the warranty period
and is determined, upon examination by Fluke, to be defective. |If Fluke determines that
the defect or malfunction has been caused by misuse, alteration, abuse, or abnormal
conditions of operation or handling, Fluke will repair the instrument and bill purchaser
for the reasonable cost of repair. If theinstrument is not covered by this warranty, Fluke
will, if requested by purchaser, submit an estimate of the repair costs before work is
started.

To obtain repair service under this warranty purchaser must forward the instrument,
(transportation prepaid) and a description of the malfunction to the nearest Fluke
Service Center. The instrument shall be repaired at the Service Center or at the factory,
at Fluke’s option, and returned to purchaser, tranportation prepaid. The instrument
should be shipped in the original packing carton or a rigid container padded with at
least four inches of shock absorbing material. FLUKE ASSUMES NO RISK FOR IN-
TRANSIT DAMAGE.

THE FOREGOING WARRANTY IS PURCHASER'S SOLE AND
EXCLUSIVE REMEDY AND IS IN LIEU OF ALL OTHER WARRANTIES,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY
IMPLIED WARRANY OF MERCHANTABILITY, FITNESS FOR ANY
PARTICULAR PURPOSE OR USE. FLUKE SHALL NOT BE LIABLE FOR
ANY SPECIAL, INDIRECT, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES OR LOSSWHETHER INCONTRACT, TORT, OR OTHERWISE.

CLAIMS

Immediately upon arrival, purchaser shall check the packing container against the
enclosed packing list and shall, within thirty (30) days of arrival, give Fluke notice of
shortages or any nonconformity with the terms of the order. If purchaser fails to give
notice, the delivery shall be deemed to conform with the terms of the order.

The purchaser assumes all risk of loss or damage to instruments upon delivery by Fluke
to the carrier. If an instrument is damaged in-transit, PURCHASER MUST FILE ALL
CLAIMS FOR DAMAGE WITH THE CARRIER to obtain compensation. Upon request
by purchaser, Fluke will submit an estimate of the cost to repair shipment damage.

Fluke will be happy to answer all questions to enhance the use of this instrument. Please
address your requests or correspondence to: JOHN FLUKE MFG. CO., INC., P.O.BOX
C9090, EVERETT, WA 98206, ATTN: Sales Dept. For European Customers: Fluke
(Holland) B.V.,P.O. Box 5053, 5004 EB, Tilburg, The Netherlands.
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INTRODUCTION

1-1. THE 1722A INSTRUMENT CONTROLLER

The 1722A Instrument Controller is a microcomputer
used to control other instruments and test equipment.
The 1722A can be controlled by either a Touch-Sensitive
Overlay or a removable keyboard that connects at the
front panel with a DIN plug. Specifications for the 1722A
are presented in Table 1-1. See the 1722A System Guide
for a detailed discussion of the 1722A’s capabilities and
operation.

1-2. THE 1752A DATA ACQUISITION SYSTEM

The Fluke 1752A Data Acquisition System is a micro-
computer-based system for use in analog and digital
measurement and control applications. The 1752A, like
the Fluke 1722A, also functions as a powerful instrument
controller designed to support IEEE-488 instrumentation
systems.

The standard 1752A comes with one 1752A-010 Analog
Measurement Processor. Through the use of additional
optional plug-in modules, the system can measure or
output dc currents and voltages, measure time and
frequency of analog and TTL signals, count events witha
bi-directional totalizer, and interface with digital signals.

The 1752A also features a touch-sensitive display, which
can replace the keyboard for command entry. Specifica-
tions for the 1752A are presented in Table 1-1. Informa-
tion and specifications for the 1752A options are available
in Section 6 of this manual and in the 1752A Data
Acquisition and Control manual. For a detailed dis-
cussion of 1752A operation and capabilities, see the
1752A System Guide.

NOTE

In most respects, the 17524 hardware does
not differ from the 17224 hardware. In this
manual, the 1752 A is treated as a superset of
the 1722 A. Except where noted, all references
to the 1722 A also apply to the 1752A.

1-3. PHYSICAL LAYOUT

The 1722A consists of seven modules mounted on a
common chassis which also accepts a number of optional
modules. The seven modules are:

®  Single-Board Computer (SBC)

®  Video/Graphics/Keyboard Interface (VGK)

®  Programmer’s Keyboard

®  Power-Up Assembly (PUP)

®  Power Supply (Original Equipment Manufacture)
®  Video Monitor (Original Equipment Manufacture)

® Floppy Disk Drive (Original Equipment
Manufacture)

The modules and options (if any) are connected by the
motherboard and interconnecting cables within the
chassis. The Touch-Sensitive Overlay is installed over the
face of the CRT.

An optional carrying strap is mounted on the left side.
Four feet are mounted on the bottom cover. The two feet
at the front are adjustable for easy viewing, and the two at
the back are fixed.

1-4. POWER REQUIREMENTS

The 1722A operates on 230V ac or 115V ac, either 50 Hz
or 60 Hz depending on customer specification. However,
internal adjustments must be made to change the line
voltage requirement. (See Access Procedures in Section
3)

Table 1-1. Specifications

CRT DISPLAY

Scanning Method ........ RERRPRRPR Non-interlaced raster scan.

RefreshRate ...................... 50 to 60 Hz, selectable.

CharacterMemory ................. 1280 bytes of dedicated display memory. 16 lines of 80 characters.

CRT Screen ...........cccivvinnenn High-contrast green phosphor, low profile, rectangular. 8.6 cm x 20.3 cm
(3.4 in x 8.0in).

Character Capacity ................ 16 x 80 cells, or 8 x 40 cells.

Standard Character Set ............ 96 standard ASCII characters, graphics characters, match, and other
useful symbols.

CharacterCell ..................... 7 x 9 dots in an 8 x 14 dot matrix.




INTRODUCTION
Table 1-1. Specifications (cont)

Character Enhancements .......... Reverse video, blinking, underlining, and highlighting.

Cursor .......coiiiiiiiiiiiiiiin., Blinking, underline, block, or suppressed.

RasterSize ...........ccoevviinnn.. 7.6cmx19cm (3.0 x 7.5in).

Graphics Screen Capacity ......... 640 x 224 pixels

Graphics Memory Capacity ........ 64K bytes (2048 x 256 pixels). Independent of main memory.

Display Alignment ................. Character with respect to touch-sensitive grid at 25°C after 30 minute
warmup:

+1.5 character horizontal
+0.5 character vertical
Change in character positions over the operating temperature range:

1 character horizontal
0.5 character vertical

DISK DRIVE
R/WHeads ........ccooevvvvnnnnnn. 2 per disk drive
Tracks ...... e eeeeeee e 80 (40 per side)
TrackDensity ............c..oouae. 48 tracks per inch
Rotational Speed .................. 300 RPM
Disk Error Rates ...................
RECOVERABLE ................. 1 per 10° bits read
NON-RECOVERABLE ........... 1 per 10" bits read
Recording Format
BYTES PER SECTOR ............ 512
SECTORS PER TRACK .......... 10
ENCODING METHOD ........... MFM (double density)
Total Formatted Storage ........... 409,600 bytes per disk
ENVIRONMENTAL
Operating
WITHDISKMEDIA.............. 10°C to 40°C (50°F to 104°F)
20% to 80% RH humidity (non-condensing)
WITHOUTDISKMEDIA.......... 10°C to 40°C (50°F to 104°F)
5% to 90% RH humidity (non-condensing)
Storage
WITHDISKMEDIA.............. 10°C to 52°C (50°F to 126°F)

8% to 80% humidity (non-condensing)
WITH INTERNAL HARD DRIVE . ... -40°C to 60°C (-40°F to 140°F)
8% to 80% humidity (non-condensing)

WITHOUT DISKMEDIA. .. ....... . -40°C to 60°C (-40°F to 140°F)
OR INTERNAL HARD DRIVE 5% to 90% humidity (non-condensing)
EMI and RFI Emissions.............. Tested to FCC Part 15, Subpart J, Class B; VDE 0871, Class B; CISPR 11-1975
Shock and Vibration
WITHOUT INTERNAL HARD DRIVE
Shock (Non-Operating) .. ........ As per MIL-T-28800, Class 5: 1/2 sineshock of 20G, 11 ms duration.
Vibration (Operating, .......... As per MIL-T-28800, Class 5: 5-55 Hz;
not accessing floppy disk) 0.13" displacement; peak acceleration @55 Hz of 2.0G.
WITH INTERNAL HARD DRIVE
Shock (Non-Operating) ......... As per MIL-T-28800, Class 5: 1/2 sine shock of 20G, 11 ms duration.
Vibration (Non-Operating)......... 5to 17 Hz: 0.020” (double amplitude); 18 to 500 Hz: 4.0G peak acceleration @500
Hz of 4.0G.
Vibration (Operating) .. ......... § to 22 Hz: 0.010“ (double amplitude); 23 to 500 Hz: 0.15Gs (without non-

recoverable errors).
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Table 1-1. Specifications (cont)

'GENERAL

Dimensions .............cieenenann 13cmH x 43 cm W x 55 cm L (plus feet) (5.228 in H x 17.0 in W x 21.6 in L).
See Figure 1-1.
Weight
CONTROLLER ........cciuennn.. 15.5 kg (34 Ibs)
KEYBOARD .....c.cvvieennennn.. 1.4 kg (3 Ibs)
PoOWer .......coiieiiiiiinnannnnnns 175W max.
VOLTAGE .....ccvviiinnnnnnnnns 90-132 ac, 47-63 Hz (use 3Atime delay slow blow 250V fuse.)
180-264 ac, 47-63 Hz (use 2A time delay slow blow 250V fuse.)
POWER DISSIPATION ........... 175W max.
DC TOLERANCE ............... +5%

NOTE: Specifications for the Analog Measurement Processor (Option 1752A-010) are located in Section 6. The Analog
Measurement Processor is standard equipment with the 1752A.

NOTES:
@Q’THESE HOLES USED FOR MOUNTING OF FEET. CAN BE USED FOR NON-STRUCTURAL INSTRUMENT MOUNTING.

2. ALLOW 4-INCHES MINIMUM AT REAR AND CRT SIDE OF INSTRUMENT FOR AIRFLOW.

< 8.000 (REF)
4.1
3.400 (REF) 2 Pig
4 463
8-32X3/8
4PLS
a
'5.228 MAX
A 4

Fiaure 1-1. Dimensions
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Figure 1-2. Physical Layout (cont)
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THEORY OF OPERATION
INTRODUCTION

2-1. INTRODUCTION
2-2. Bus Architecture

Compatibility with other Fluke products and the
demands of the Texas Instruments TMS99105
Microprocessor require a complex system bus structure
that addresses not only devices requiring 18 address lines
but those requiring 22 address lines as well. This bus,
which is really two buses sharing address lines, is referred
to as both the ARGUS bus and the AGGIE bus. The
ARGUS bus consists of 18 address lines and two control
lines. The AGGIE bus, a superset of the ARGUS bus,
consists of 22 address lines and two control lines. All of
the address lines available to the ARGUS bus are also
available to the AGGIE bus in addition to four address
lines available only to the AGGIE bus.

When the Microprocessor wishes to address a device on
the ARGUS bus, it sends out an address on 18 lines of the
bus and also sends out a signal named ADVAL- to
indicate that a memory or I/ O cycle is taking place on the
ARGUS bus. The selected device must respond with a
signal known as ADACK-.

When the Microprocessor wishes to address devices on
the AGGIE bus, it sends out a signal known as AGVAL-
along with the address. Here again, the selected device
must respond with ADACK-. In this case, the
Microprocessor uses all 22 address lines.

2-3. Description of Distinctive Devices
2-4. TMS99105 16-BIT MICROPROCESSOR

The Single-Board Computer (SBC) uses a Texas
Instruments TMS99105 Microprocessor. The
distinguishing features of the Microprocessor are:

- @  Multiplexed Address and Data Buses

e  Bit or Byte Addressing Capability

o Communications Register Unit (CRU) I/O
Addresses

e  Off-Chip Workspace Located in RAM.
° Macrostore Memory Space

® 16 Interrupt Priority Levels

2-5. Memory Space Addressing

The Microprocessor’s instruction set uses a 16-bit byte-
address to address memory as 16-bit words or 8-bit bytes.
The Microprocessor chip, however, addresses memory as
16-bit words only. It can address 32768 words of memory
using a 15-bit address. When an instruction operatesona

byte of data, the Microprocessor addresses the whole
word in which the byte is contained.

2-6. Memory Mapping

It is possible to address more than 32K words of memory
by using an external memory mapper to increase the
number of address bits. The Microprocessor has features
that support memory mapping. Status bit 8 (ST8) of the
Microprocessor’s status register is called the Map-Select-
Status Bit (M). This bit is used to enable or disable an
external memory mapper. The code and data for
application programs is placed in the memory space
accessed through the memory mapper.

2-7. CRUI/0 Space

The TMS 99105A can do bit- or word-oriented I/ O using
CRU (Communications Register Unit) I/ O instructions.
The CRU I/O instructions can address 32768 I/O
locations. The lower 16384 locations are used for bit-
oriented I/O and the upper 16384 are used for word-
oriented I/ O. An I/ O operation which takes place in the
lower 16384 I/O locations is called a serial CRU I/0
operation. An I/ O operation that takes place in the upper -
16384 1/O locations is called a parallel CRU I/0
operation. The most-significant bit (MSB) of the I/O
address selects which type of operation will occur.

Although 16 locations are needed for each word in the
serial CRU 1/0 space, only one location is needed for
each word in the parallel CRU I/ O space. Thus, the serial
CRU 1/0 space may have up to 1024 16-bit registers, and
the parallel CRU 1/O space may have up to 16384 16-bit
registers.

When a CRU instruction reads a word from an address in
the lower half of the I/ O space, the bits of the word are
read one ata time from 16 addresses until the 16 bits of the
word have been read. When a CRU instruction reads a
word from an address in the upper half of the I/ O space,
the bits are read in parallel from one address.

2-8. Macrostore Memory

The architecture of the TMS99105A defines a memory
space called Macrostore that allows new instructions to
be added to the Microprocessor’s instruction set. This
memory space is addressed as 4096 word locations and is
separate from the Microprocessor’s normal memory
space. A typical application for Macrostore is to definea
set of floating-point arithmetic functions for use by higher
level languages.

2-9. |Interrupts

The TMS99105A has 16 interrupt levels. These levels are
arranged so that a lower level interrupt service routine
may not interrupt a higher level routine. When an
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interrupt request occurs, the Microprocessor branches
through an interrupt table to the interrupt-service routine
for the level making the request. Since a Memory Mapper
is used, the interrupt table is stored in lower memory so
that it can be addressed with the mapper disabled.

2-10. PROGRAMMABLE ARRAY LOGIC DEVICES
(PALS)

A PAL isafuse-programmed device that replaces discrete
logic devices such as AND gates, OR gates, flip flops, and
counters. A single 20-pin PAL can replace from 4 to 12
TTL logic packages. PALs are used in the SBC to reduce
the number of chips on the pcb.

PALs can be thought of as a collection of AND gates, OR
gates, flip-flops, and inverters that haven’t been
connected together. The connections are made by
programming the device.

There are two types of PALs: combinational and
registered. Combinational PALs are used to replace
combinational logic like AND, OR, NAND, NOR gates
and inverters. They are generally used for applications
such as address decoders and control logic.

Registered PALs are often used to generate the timing
signals required to interface a device to a microprocessor.
Their AND/OR array is similar to combinational PALs,
but the array’s outputs connect to D-type flip-flops. The
outputs of the D-type flip-flops connect to the PAL’s
output pins and are inputs to the AND/OR array,
making it possible to replace sequential logic such as
counters, shift registers, flip-flops, and state machines
with PALs.

2-11. DYNAMIC MEMORY

The dynamic RAM chip stores data bits as charges on
capacitors in the chip. The charges will leak off the
capacitors with time and must be restored periodically to
preserve the data. This restoration is called refreshing the
RAM. Each RAM chip automatically refreshes 256 bits
of the memory when RAS- (Row Address Select) is
pulsed low. To completely refresh the RAM, RAS- must
be pulsed low with 256 different address inputs. This
refreshes the RAM because each address input refreshes
256 different bits. Thus, all locations are refreshed (256 x
256 = 65536). The RAM must be completely refreshed
every 4 ms so that the RAM does not lose any data. This
means that RAS- must occur for 256 different address
inputs within 4 ms, or once every 15.6 us.

2-12. MEMORY MAPPER

Memory mapping is a technique that increases the
amount of memory a microprocessor can address. A
typical microprocessor has only 16 address lines, which
can address amaximum of 64K bytes. The SBC, however,
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provides for a memory space of 4M bytes, requiring 22
address lines. Since the Microprocessor can directly
address only 65,536 bytes of memory, a SN74L.S612
memory mapper chip (U73) is used to allow the
Microprocessor to address the larger memory space. The
memory mapper is programmed by the software to select
which 64K-byte part of the 4M-byte address space the
Microprocessor addresses.

The 4M-byte address space is called the physical-address
space. The amount of memory the Microprocessor can
directly address is called the logical-address space. When
the mapper is disabled, the Microprocessor always
addresses the lowest 64 kilobytes of the physical-address
space. When the mapper is enabled, the Microprocessor
can address any 64K-byte part of the physical-address
space.

The address space is divided into “pages” and does not
need to be contiguous or in sequence. The logical-address
space is divided into 16 pages, and the physical-address
space is divided into 1024 pages. Each page is 4096 bytes
long. The Microprocessor may address any 16 of the 1024
physical-memory pages at any given time. The 1722A
system software reloads the mapper with new page
addresses to select another part of the physical-address
space.

2-13. Introduction to 1722A Modules

2-14. POWER-UP MODULE (PUP)

The Power-Up Assembly performs the following
funtions:

° Senses the ABORT and RESTART buttons on the
front panel

o Monitors the power supply voltages

e  Distributes power to the fan

®  Resets devices connected td the DCOK (system
reset) line

2-15. SINGLE-BOARD COMPUTER (SBC)

The SBC is the central microprocessor and control unit
for the 1722A. It is, as the name implies, a complete
computer on a single board. It contains the TMS99105
Microprocessor, its support logic, RAM, ROM, serial
and parallel I/O and all other devices found on any
microcomputer.

The architecture of the SBC and the entire 1722A is tied
closely to the demands of the TMS99105 design. The
TMS99105 is an outgrowth of the TI 9900-Series
Microprocessor. Unlike its predecessor it uses a
multiplexed address and data bus. But like the 9900
Series, it uses off-chip memory for its workspace. And
like the 9900, the 99105 uses an unusual I/ O logic.
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Not only does the 99105 address I/ O devices as memory
locations, but it also addresses a separate field knownasa
Communications Register Unit (CRU). The CRU is a
third use of the ARGUS/AGGIE system bus. It utilizes
the lowest 12 address lines in conjunction with three
control signals, CRUIN, CRUOUT, and CRUCLK. The
CRU space can be addressed either as individual bits or as
words up to 16 bits wide. From the point of view of the
TMS99105, other modules exist as addresses within this
CRU space. When the TMS99105 talks to other modules,
the data transmitted must occur serially over the CRUIN
or CRUOUT lines. Data does not appear on the
multiplexed bus and is not loaded into off-chip data
registers during a CRU 1/0O cycle.

2-16. VIDEO/GRAPHICS/KEYBOARD INTERFACE
(VGK)

The VGK is the interface between the SBC (Single-Board
Computer) and the operator. It controls the video
display, the TSO (Touch-Sensitive Overlay), and the
programmer’s keyboard. In addition to the 16 lines of 80
characters, the VGK also displays a graphic image with
224 rows of 640 dots.

User software, running on the SBC, sends characters and
graphics commands to the VGK that specify the image on
the screen. The VGK sends character codes to the SBC
when the operator pushes keys on the keyboard or
touches the TSO. The application software must receive
and interpret these data.

2-17. KEYBOARD

The keyboard is a detachable unit that connects at the
front panel with a DIN plug. Data transmission between
the keyboard and the VGK uses the serial format used
with RS-232-C compatible equipment (format not
defined by the RS-232-C specification). The keyboard isa
microcomputer-based device that uses the Intel 8748
Microcomputer and communicates with a UART in the
VGK’s CRU space. The keyboard executes a loop routine
that scans the keyboard for key closures. When the
keyboard Microprocessor finds a closed key, it sends a
serial byte to the UART on the VGK board, which in turn
generates the interrupt for the VGK Microprocessor.

2-18. POWER SUPPLY (OEM)
Schematics and parts lists for the Power Supply are

provided in Section 9. The Power Supply regulates and
supplies the following voltages to circuitry in the 1722A:
- o 4121V dc(x2.5%)
e -12.1Vdc (x2.5%)

®  +5.1Vdc(x2%)

2-19. VIDEO MONITOR (OEM)

Detailed information is located in the OEM manual
provided in Section 9.

2-20. FLOPPY DISK DRIVE (OEM)

Detailed information is located in the OEM manual
provided in Section 9.

2-21. POWER-UP ASSEMBLY (PUP) THEORY OF
OPERATION

The Power-Up Assembly performs the following:

- @  Controls power-up reset

e Controls ABORT and RESTART functions
®  Monitors the power supply voltages

e Distributes power to the fan

2-22. Functional Description
The PUP controls the system reset functions during

~ power-up, nermal operation, and power-down.

On power-up, the PUP keeps the system in a reset state
until the power supply voltages are above minimum
limits. After the voltages are stable, the reset is released
and the SBC Microprocessor begins executing the “boot”
program that resides in EPROM. The boot sequence
initializes the system hardware, invokes a system self-test,
and loads the operating system into main memory from
floppy disk.

During normal operation, pressing and releasing the
RESTART and ABORT buttons together is equivalent
to turning the power off and on. Since the self-test writes a
pattern to main memory, user programs will be corrupted
and e-disk configuration will be lost. Pushing both
buttons is referred to as a “cold boot”.

Pressing RESTART alone causes a non-maskable
interrupt on the SBC, which directs the microprocessor to
execute the boot program without the self-test. The
system software is loaded into main memory without
disturbing the contents of memory and e-disk. This is
called a “warm boot”™.

Pressing ABORT alone causes a Level-2 interrupt on the
SBC and has the same effect as typing a “C (Control C) on
the programmer’s keyboard when expected by a program
written in a high-level language.

At power-down, the system is reset as soon as the power
supply voltages fall below minimum limits.

2-5
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2-23. Circuit Description

The states of the front panel push buttons and the power
supply voltage levels determine the state of the following
control lines on the system bus:

e DCOK
° ABORT-
° WBOOT-

The ABORT-and WBOOT- outputs are controlled by an
RS flip-flop (UlA and UID), and the ABORT and
RESTART push buttons. If either ABORT or
RESTART or neither is pressed, the flip-flop remainsina
reset state, and each output is controlled by its respective
switch. Each switch is a normally open, momentary,
single-pole switch, with one side connected to logic
common. The other side of the switch is pulled up bya 10
kQ resistor and filtered by a 0.22 uF capacitor. The
contact closures are debounced by the RC time constant
and U3, which has a Schmitt trigger input.

The supply voltages are monitored by two comparators
that compare the supply voltages with reference voltages.
The reference voltages are supplied by a 6.2V zener diode
(VR1) and a current-limiting resistor (R1).

The +12V dc supply is halved by voltage divider Z1 and
- Z3 and is filtered by Cl. This halved supply voltage is
compared by part of U2 with the 5.4V dc reference voltage
(half of the 10.8V trip voltage). The 5.4V dc reference is
derived from zener (Z1) by R4 and Z3. Resistors R2, R3,
and R7 provide hysteresis protection from noise.

The +5V power supply is filtered by Z1 and C2 and is
compared by part of U2 with the 4.75V reference derived
from zener VR1 by RS and Z3. The outputs of both
comparators are wired-OR and are high when the supply
voltages are above the trip points.

2-24. Circuit Operation

On power-up, current flows from +5V through a 1 kQ
resistor (Z1 pins 7 and 8) into the base of QI, which
clamps DCOK low. When the supply voltages are above
their respective thresholds, the open collector outputs of
U2A and U2B turn off and allow C5 to charge through
R8. The output of U2C goes low 200 ms later when CS has
charged to the 1V threshold. The output of U4B is turned
off and C10 charges through Z2-4. When the voltage on
C10 reaches 3.1V, 50 mslater, the output of U2D turns on
and turns QI off. The DCOK line is then pulled high by
Z2-2.
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On power-down, the comparators rapidly discharge C5
and C10 and allow QI to clamp DCOK low, resetting the
system hardware.

When the ABORT and RESTART buttons are pushed
together, the flip-flop formed by U1A and U1D is set by
U3B, disabling the ABORT- and WBOOT- outputs and
forcing the DCOK output low through U4B, U2D, and
Q1. When both buttons are released, U4A resets the flip-
flop and DCOK returns high.

When the ABORT button is pushed, the ABORT- output
goes low. The ABORT signal is buffered and inverted by
U3D, enabled through UIC by the flip-flop formed by
UlA and U1D, inverted again by U3C, and changed to an
open collector output by U4C.

When the RESTART button is pushed, the WBOOT-
output goes low. The RESTART signal is buffered and
inverted by U3A, enabled through UIB by UlA and
U1D, and is presented to the bus as a TTL signal.

2-25. SINGLE-BOARD COMPUTER THEORY OF
OPERATION

2-26. Introduction

The Single-Board Computer (SBC) is a multi-layer circuit
card which contains all the components necessary to the
operation of a microcomputer, including a floppy disk
drive interface, serial and parallel I/ O and a system bus
interface. The SBC mounts in the card cage of the 1722A.
It has one 72-contact card-edge connector, one 44-contact
card-edge connector, an external RS-232-C connector,
and an external IEEE-488 connector. A simplified block
diagram of the SBC is shown in Figure 2-1.

The SBC s based on the TI99105A 16-bit Microprocessor
that by itself can address 32K 16-bit word locations in
memory using a multiplexed address/data bus. However,
through a memory mapping scheme, the SBC has a
memory capacity of 3M bytes when loaded with all its
memory boards. I/ O operations are managed with the aid
of an I/O address decoder that selects memory and
peripheral devices. Peripherals are accessed through
IEEE-488 and RS-232-C ports. Other sections of the
1722A controller are accessed usingthe ARGUS/AGGIE
bus. The memory consists of BOOT EPROM,
Macrostore RAM, Dynamic RAM on the SBC, and
additional memories provided as options on separate
boards. PALs (Programmable Array Logic devices) are
used extensively in place of discrete logic chips to reduce
the number of components.

2-27. Functional Description of SBC Operation

For the following discussion, refer to the detailed block
diagram in Figure 2-2.



THEORY OF OPERATION
. SINGLE-BOARD COMPUTER(SBC)

2-28. BUS STRUCTURE

' NOTE

Texas Instruments reverses the order in which
the address and data bits are labeled. Thus,
data bit D0 is the most significant data bit,
and D15 is the least significant. Keep this in
mind as you examine the schematics for the
SBC.

The 1722A uses two buses: the ARGUS bus and the
AGGIE bus. The ARGUS bus is a memory and I/ O bus
used in the 1720A, 1722A, and other products. The
AGGIE bus was developed for the 1722A, incorporating
the original ARGUS bus but adding four address lines
and some additional control lines. The new address lines

allow the AGGIE bus to address up to 1.5M words of

memory. Both buses occupy the same physical space; the
AGGIE bus is a superset of the ARGUS bus.

The ARGUS bus design is closely tied to the architecture
of the TMS9900 Microprocessor. It usesa 16-bit parallel-
data bus for memory and parallel I/O. Memory and

parallel 1/O are addressed using a 17-bit word address;
thus, 128K words of memory or parallel I/O can be
addressed on the ARGUS bus.

The ARGUS bus can address bit-oriented I/O up to 4K
bits. I/ O on the ARGUS bus is usually called CRU I/O.
The CRU I/O bus and parallel memory bus share the
same address bus, with the CRU I/O bus using the 12
least-significant bits of the address bus.

The AGGIE bus is a superset of the ARGUS bus, and was
designed to increase the memory address space and bus
speed for the SBC. All of the signals available on the
ARGUS bus are also available on the AGGIE bus,
allowing the use of existing ARGUS-bus cards on the
AGGIE bus. The four new address lines and the control
signals are used by AGGIE-bus memory cards but are not
used by any existing or future ARGUS-bus cards.

The SBC Microprocessor (U75) uses a multiplexed
address and data bus that is applied to the inputs of the
Address Latch (U78 and U84) and Data Buffer (U76 and
U85).

INTERRUPT SIGNALS

FLOPPY
DISK I/F

RS-232-C
I/F

EPROM MACRO-
8K BYTES STORE
RAM
8K BYTES

ADDRESS/DATA
DYNAMIC REAL-
RAM TIME
128K CLOCK
BYTES

Figure 2-1. Simplified SBC Block Diagram

2-7



THEORY OF OPERATION
SINGLE-BOARD COMPUTER(SBC)

DRAM
[ MEMORY & CONTROL 7 REFRESH 1— e e FLOPPY DRIVE s —
I WAIT . U3, 4,24,25
GEN MEMORY
PAL DECODER o N ROW DATA &
I | uss [SELECTSIGNALS Uso , - ] BUFF CONTROL SIGNALS
- u46 . TO FLOPPY DRIVE
T 2 | e
SELECT SIGNALS b
G s 4 / COUNTER
A CRU s ‘ / | Uuss -
T 110 i coL RAM
- A becoper . 5| BUFF  jg= CONTROLLER t
. u34 %:; (=] us2 u47 us3 lg INTERFACE ga' :2 o~
- us3 / : PAL EEBIE 2
ve USs u14 g2>15 5
uss / o o e
- use \ 4
4 ” us7? / : o
£ . uss REFRESH - [ X X
ADDRESS MACRO BOOT Uso COUNTER . DATA
LATCH bl L_N| MeEMORY STORE ROM b U4 ' FLOPPY | SEPARATOR
U78,84 [ESTENEESMESY MAPPER W RAM B u4s
PROCESSOR u73 : - | rerFresH ” CONTROLLER 4 & WRITE
urs u72 uUes 128K RAS BUFFER : - u12 ¢~ PRECOMP
T™S . un us1 DRAM ¢ CAS | RAS/CAS U8g-98
99105 u70 N GENERATOR
ue9 u19, 51,
DATA 66.62
BUFFER S\ &5
| u7e, 85 T DATA
& | BUS
o & & A . 7 uso BUFF
i I | - . , u13
8 5 5 & r—
§ ol ol -l = MULTIPLEXED BUS B
[
F4 % S N
' * | >
I ;
3:: uUs.6 AGGIE/ARGUS e -
I \NTERRUPT AGGIE/ARGUS BUS 4
PRIORITY | ATCHES DATA BUS BUFFER INTERFACE  |¢= yARIOUS RS-232 . IEEE
ENCODERS | U7, Us LOGIC g ONTR INTER- - ° CONTROLLER
. ! Ues, 17, 20 Q—ZI‘;‘NAPSL FAGE 1 o ue7
<« 21.22, 23,28, 30 [¢ U1 s1
| VARIOUS CONTROL SIG. UART
. VARIOUS
a INPUTS Z
¢ T AGGIE/ARGUS 111 2
- e ADDRESS T o
% S . ,10,11
INTERRUPT SIGNALS ° | BUFF U910 ERROR | REGISTER
FROM VARIOUS DEVICES | : INTERRUPT | CONTROL
: u18 | u29 RS-232
' BUFF
. , uss, 77
|5
P-7 CONTROL
AGGIE/ARGUS BUS BUFF
0 INTERRUPT Uso
ERROR IGNALS
I o sie RS-232 _
T ' 110 |EEE-488 IEEE-488
l TO INTERRUPT LOGIC /0 CONTROL
110 H
——— —. CE—
«= ARGUS/AGGIE 1/O == _ J - IEEE

Figure 2-2. Detailed SBC Block Diagram )




THEORY OF OPERATION
SINGLE-BOARD COMPUTER(SBC)

Table 2-1 shows the bus status codes the Microprocessor
emits while it is operating. The memory cycle codes are
emitted during memory cycles, and the I/ O transfer codes
are emitted during CRU I/0O cycles. The AUMSL and
AUMS codes are emitted when the Microprocessor is
performing an internal operation, or when the
Macrostore memory is being addressed. The DEN- and
WE- signals are used to detect which type of cycle is
occurring.

Figure 2-3 shows the timing of the memory and I/ O cycles
occurring on the bus.

2-29. DATA BUS

Sixteen bits of paralle]l data are buffered in U76 and U85
and sent over the Data Bus to the various devices
requiring data. There is an additional Bus Buffer (U7 and
UB) that drives the AGGIE bus.

2-30. ADDRESS BUS

NOTE

For timing diagrams of the AGGIE bus, see
Figures 2-7, 2-8, and 2-9 later in this section.

The address bus is more complex than the data busand is
discussed in conjunction with memory mapping and
CRU I/0 operations. The address output of the
Microprocessor is latched into U78 and U84 when they
are enabled. When the memory mapper is disabled, the
four most-significant bits of the address pass straight
through the mapper, allowing the lowest 64K bytes of
memory to be addressed directly.

2-31. MEMORY MAPPER

In order to address a specific 64K-byte part of the
physical-address space, the SN74LS612 memory mapper
(U73) must be programmed by the software, using CRU
I/ 0O instructions. The memory mapper is selected by the
CRU 1/0 Decoder (U34). When the mapper is enabled,
the four most-significant bits of the Microprocessor’s
address bus select the contents of one of 16 twelve-bit
registers. The contents of the registers are loaded by the
software into the mapper via the data bus.

The contents of the selected register provide the 10 most-
significant bits of the physical address. When selected,
these registers drive the 10 new address lines. Combined
with the 12 lower address lines, the 10 new lines make up
the 22 lines the AGGIE bus needs to address 4M bytes.
The mapper can supply 12 address bits for the physical
address space; however, the AGGIE SBC uses only 10 of
these for address lines. The other two are used to generate
write-fault and memory-error interrupts.

2-32. ADDRESS DECODING

Much of the address decoding information is buried in
fuse patterns in the PALs. The address space of the SBC
is conceptually divided into a logical-address space, a
physical-address space, and a CRU address space. The
logical-address space is that which can be directly
addressed by 16 lines provided by the Microprocessor,
and is limited to 64K bytes. The physical-address space is
that which can be addressed through the memory mapper.
It has 22 address lines that can address 4M bytes. The
CRU-address space is used for I/O operations and is
decoded directly from the address latch (U78 and U84).

Table 2-1. Bus Status Codes

T
MEM 182 3 NAME DESCRIPTION OF BUS ACTIVITY
0 000 SOPL Memory Cycle (Source operand with MPILCK)
0 001 SOP Memory Cycle (Source operand without MPILCK)
0 010 IOP Memory Cycle (Immediate data, second op, addr)
0 011 IAQ Memory Cycle (Instruction acquisition)
0 100 DOP Memory Cycle (Destination operand transfer)
0 101 INTA Memory Cycle (Interrupt acknowledge)
0 110 WS Memory Cycle (Workspace transfer)
0 111 GM Memory Cycle (General memory transfer)
1 000 AUMSL Internal ALU operation or Macrostore access
1 001 AUMS Internal ALU operation or Macrostore access
010 RESET Reset (RESET- pin is pulled low)
1 011 170 1/0 Cycle
1 100 WP Workspace pointer update
1 101 ST Status register update
1 110 MID Macroinstruction detected
1 111 HOLDA Hold acknowledge (in response to HOLD- low)
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Figure 2-3. TMS99105A Memory and i/0 Timing

2-33. CRU !/0 Address Decoding

The CRU-1/0 space of the Microprocessor has been
divided into 11 address ranges. There are two address
ranges within the CRU-I/O space that are used for
registers inside the Microprocessor. The remaining nine
address ranges are used for addressing I/ O devices.

Most of the decoding is done in the CRU I/O Decoder
(U34). This PAL uses the bus-status-code lines to detecta
CRU I/0O operation and uses address lines to select the
I/0 devices.

The CRU 1/0 Decoder directly selects the RS-232-C
port, the memory mapper, the IEEE-488 interface, or the
Floppy Disk Controller. It also produces two select
signals that select the control register, the real-time clock
register, the status and exception input, or the two
ARGUS bus I/O address ranges.

2-34. Macrostore Address Decoding

When the Microprocessor accesses the Macrostore RAM
(U72, U71, U70, and U69), it emits the AUMSL or
AUMS bus status codes to select it. Since no address lines
are decoded, the 4K words of Macrostore RAM appear
eight times in the 32K words of the Macrostore address
space.

The Macrostore address space on the SBC was designed
to run with no wait states. The address lines for the
Macrostore RAM come directly from the address latches,
and do not pass through the memory mapper, eliminating
the delay caused by address signals passing through the
mapper.
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2-35. Memory Address Decoding

The physical-memory space addressed by the SBC is
divided into nine address ranges. Although the physical-
memory space is divided into nine address ranges, there
are only four memory devices in this range. These are the
on-board dynamic RAM (U52-US59 and U36-U43), the
EPROM (U68, U8l1), the Macrostore RAM (U69-U72),
and the AGGIE/ARGUS Bus Interface (U5-Ul1, U1S,
Ul6, U20-U23, U28, U63, and U64).

Address decoding for the physical-memory space on the
SBC uses Memory Decoder PAL (U50). This PAL
produces select signals for the dynamic RAM, the
ARGUS bus, the AGGIE bus, and the EPROM/Macro-
store-select logic (U4S, U32, and U64). ’

2-36. MEMORY

There are three types of memory on the SBC: EPROM,
dynamic RAM, and static RAM. The Macrostore RAM
is Static RAM and consists of U69, U70, U71, and
U72. The Boot EPROM consists of U68 and U81. The

. dynamic RAM consists of sixteen 64K x 1-bit RAM chips

(U52-U59 and U36-U43). The EPROM and ROM are
familiar chips used on many Fluke products; however, the
dynamic RAM merits some additional discussion.

2-37. Dynamic RAM
The RAM array uses 16 RAM chips, one for each data

bit. A data buffer (U44,U60) is used to buffer the data"
between the RAM array and the d_ata bus.

The RAM Controller (U33), a registered PAL, handles
RAM refreshing and address multiplexing when the
RAM is addressed.
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Three buffers (U46, U47, U48) supply addresses to the
RAM array. When the RAM is addressed, the column
buffer (U47) supplies the eight most-significant bits of the
address, and the row buffer (U46) supplies the eight least-
significant bits. The 16-bit address is strobed into the
array eight bits at a time. The RAS-(Row Address Select)
is pulsed low to strobe in the lower eight bits and the CAS-
(Column Address Strobe) input is pulsed low to strobe in
the upper eight address bits. Data is written into or read
from the RAM when CAS-is pulsed low. The W-input to
the RAM is used to signal a read or write operation.

When the RAM must be refreshed, the Refresh Interval
Counter (U35) signals the RAM Controller, and the
refresh buffer (U48) supplies the refresh address.

The RAS and CAS Generator (U19, US51, U62, U65, and
U66) handles the timing of the RAS- and CAS- signals,
with a registered PAL and discrete logic. The dynamic
RAM has two modes of operation: refresh, and
read/write. These modes interact because the
Microprocessor addresses the RAM at random intervals,
but the RAM must be fully refreshed every 4 ms. It is
probable that the Microprocessor will address the RAM
when it is being refreshed, and it will be necessary to
refresh the RAM while it is being addressed by the
Microprocessor.

Refresh of the dynamic RAM is handled by the Refresh
Interval Counter (U35) and the RAM Controller (U33).
Roughly every 16 us, the Refresh Interval Counter (U35)
signals the RAM Controller (U33) to refresh the RAM
array. If a read/ write operation is not taking place, then
the RAM Controller (U33) enables the Refresh Buffer
(U48), and signal the RAS and CAS Generator (U19,
Usl, U62, U6S, U66), using INHIBIT and RFRRAS.
The INHIBIT signal keeps the RAS and CAS generator
from starting a read/ write operation while the memory is
being refreshed. The RFRRAS signal causes RAS- to be
pulsed low. The RAM Controller (U33) then disables the
Refresh Buffer (U48), increments the Refresh Address
Counter (U49), and resets the Refresh Interval Counter
(U35), preparing for the next refresh cycle. If a read/ write
operation is taking place, the RAM controller waits until
the read/write cycle has finished and then goes through
the above sequence.

Reading and writing to the dynamic RAM is handled by
the RAS and CAS generator. The row buffer is always
enabled when the RAM is not being refreshed. When the
Microprocessor asserts ALATCH and MEM-, the RAS
and CAS generator pulses RAS- low, which latches the
eight least-significant bits of the address into the RAM
chips. If the RAM select signal is active, then the RAS
and CAS generator asserts RAMTRIG and pulses CAS-
low. RAMTRIG causes the RAM controller to disable

the row buffer and enable the column buffer, sending the
eight most-significant bits of the address to the RAM
chips. Pulsing CAS- low latches data into the RAM ifa
write cycle is taking place, or reads data from the RAM if
a read cycle is taking place. If the INHIBIT signal is active
when the Microprocessor asserts ALATCH and MEM-,
then the RAS and CAS generator waits until INHIBIT
goes inactive before asserting RAS-, CAS-, and
RAMTRIG.

2-38. INTERRUPT LOGIC

The SBC uses interrupts for most I/ O operations. Al I/ O
devices on the SBC use interrupts except the Real-Time
Clock. The DCOK signal from the AGGIE bus resets the
Microprocessor and all logic on the SBC during power-
up. The DCOK signal also sends a non-maskable
interrupt to the Microprocessor so the bootstrap code in
the on-board EPROM will be executed.

2-39. Normal Interrupts
All normal interrupts are latched and priorities are

-assigned. The latches (US and U6) synchronize the

interrupt requests with the Microprocessor. The Priority
Encoder (U1S and U16) generates INTREQ- and the
interrupt code for the highest priority interrupt. Five of
the interrupts come from I/O devices on the SBC. The
rest come from the AGGIE bus. A few typical AGGIE bus
interrupts are shown in Table 2-2.

2-40. Error Interrupt Logic

The Error-Interrupt PAL (U18), a sequential-logic PAL,
records fault conditions. This PAL causes a non-
maskable interrupt when WBOOT goes active, and
causes a Level-2 interrupt when any of the other inputs go
active. The interrupt service routines determine which
inputs went active by reading from the PAL. The PAL is
connected to the data bus and is selected using the SYS-
output of the CRU I/O Decoder (U34) and the EXEN-
output of the Register Control PAL (U29). The software
must clear the fault conditions by resetting the Error-
Interrupt PAL (U18).

The inputs to the Error-Interrupt PAL and their
functions are listed in Table 2-3.

The MERR and WERR signals are derived from 2 bits
from the memory mapper, causing an interrupt if the
software attempts to access data at an illegal logical
address. MERR detects illegal addresses, and WERR
write-protects memory. The mapper is programmed so
that MERR or WERR goes active if an illegal page is
addressed. If MERR goes active, it always causes a Level-
2 interrupt. WERR causes a Level-2 interrupt only if the
Microprocessor is writing to memory.

2-1
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Table 2-2. AGGIE Bus Interrupts

INPUT INTERRUPT FUNCTION
D100 Level 0 AGGIE Bus Interrupt
1797DRQ Level 1 Floppy Data Request (For Data Transfer)
Level 2 Level 2 Exception (Fault) Conditions
D103 Level 3 AGGIE Bus Interrupt (Bubble Memory Option)
1797INT Level 4 Floppy Interrupt Request (For Status/Errors)
DI05 Level 5 AGGIE Bus Interrupt (Parallel Interface)
DI06 Level 6 AGGIE Bus Interrupt (IEEE-488/RS-232-C Option)
9902AINT Level 7 RS-232-C Interface Interrupt
DI08 Level 8 AGGIE Bus Interrupt (VGK Interface)
9914AINT Level 9 IEEE-488 Interface Interrupt
DI10 Level 10 AGGIE Bus Interrupt (IEEE-488/RS-232-C Option)
DI11 Level 1 AGGIE Bus Interrupt
D12 Level 12 AGGIE Bus Interrupt
DI13 Level 13 AGGIE Bus Interrupt
D14 Level 14 AGGIE Bus Interrupt
DI15 Level 15 AGGIE Bus Interrupt

Table 2-3. Error Interrupts

INPUT INTERRUPT FUNCTION
wWBOOT NMI Re-boot the system.
TIMEOUT Level 2 Occurs if non-existent device is addressed.
MERR Level 2 Occurs on illegal memory addresses.
WERR Level 2 Occurs on write to write-protected memory.
HALT Level 2 Occurs when AGGIE BUS HALT signal is active.
ABORT Level 2 Occurs when AGGIE BUS ABORT signal is active.

2-41. TIME-OF-DAY CLOCK (NON-VOLATILE
CLOCK)

The Non-Volatile Clock uses an NEC uPD4990AC calendar/
clock chip (U24) to keep track of the time and day, and a
CMOS shift register to keep track of the year. A battery on the
SBC powers the uPD4990AC and the shift register, allowing
the clock to keep time when ac power is off. The clock circuit
uses a serial CRU 1/O interface with the Microprocessor. The
control register is selected using the CRU I/O Decoder (U34)
and part of the REGISTER CONTROL PAL (U29). U29 also
buffers output data from the NEC uPD4990AC onto the data
bus (not shown on the block diagram). The registers within the
uPD4990AC and the shift register are read or written one bit
at atime. The control register is used to select the bits and read
or write them.

2-42. 1/0 DEVICES

2-43. Floppy Interface

The Floppy Interface uses a WD1797 floppy-disk-
controller chip (U12) to control a 5-1/4 inch disk drive.
The interface is selected with an output from the CRU
I/O Decoder (U34). Interface PAL (U14) and buffer
(U13) are the interface between the Floppy Controller
and the Microprocessor. These two devices adapt the

2-12

Microprocessor’s I/O cycle timing to the Floppy
Controller’s read/write cycle requirements. Besides
producing timing signals for the Floppy Controller, the
Interface PAL (U14) also produces a 3 MHz clock signal
used by the IEEE488 Controller (U67) and the RS-232-C
Interface UART (U61).

A buffer chip (U2) is used between the Floppy Controller
and the disk drive. The Motor Control (U87) performs
two functions. It shuts off the disk drive motor when the
interface has been idle for a time, and it turns the motor
on when the interface becomes active or when a new disk
is inserted into the drive.

A flip-flop (U23) detects that the disk has been swapped
(replaced with another disk, sometimes referred to as a
media swap). The software uses this status information to
decide whether to read the directory from the disk. The
disk-swapped signal is read by the Microprocessor
through the Register Control PAL (U29).

Write precompensation is performed by three one-shots
(U90 and U93). This causes the write pulse to occur 250 ns
earlier or later than nominal. It counteracts the effect of
higher bit densities on the inner tracks of the disk.
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Data recovery is accomplished with a phase-locked loop
data separator (U89, U94, U95, U96, U97, and U98). The
free-running frequency of the voltage controlled

oscillator (VCO) is adjusted with a potentiometer. Refer

to the calibration procedure in Section 3, Maintenance,
for instructions on adjusting the VCO frequency.

NOTE

SBC assemblies marked Rev D use the WD2797
Floppy Controller which performs the functions
of write precompensation and data recovery in-
ternal to the chip. There are three adjustments
necessary to calibrate the WD2797 Floppy Con-
troller. These are VCO frequency, write pulse
width, and read pulse width. See Section 3 for
instructions on performing these adjustments.

2-44. |EEE-488 Interface

The IEEE-488 Interface uses a TMS9914A IEEE-488
Controller chip (U67). This chip is in the parallel CRU
1/ 0 address space for the Microprocessor. The IEEE-488
is selected with an output from the CRU I/O Decoder.
Two buffer chips (U79, U80) are used forlogic translation
between the IEEE-488 controller and the IEEE-488 bus.

A 10-position switch (S1, shown in Figure 24) is used to
select the IEEE-488 port address and whether the port is
to be a system controller. Thisswitch also selects the baud
rate for the RS-232-C port during power-up. Except for
the system controller function, the switch settings are read
and interpreted by the software. The switch settings are
read onto the data bus whenever an input from the IEEE-
‘488 Controller occurs. Pinouts for the IEEE-488
connector are shown in Figure 2-5.

2-45. RS-232-C Interface

The RS-232-C Interface on the SBC uses a TMS9902A
Universal Asynchronous Receiver/ Transmitter (UART)
chip (U61). This chip is a serial CRU I/ O interface for the
Microprocessor. The RS-232-C Interface UART (U61) is
selected by the CRU I/ O Decoder and part of the Register
Control PAL (U29). PAL U29 also buffers the output
data from the RS-232-C Interface UART onto the data
bus. Level translators convert the TTL levels used by the
UART (U61) into the voltage levels required by the RS-
232-C protocol. The RS-232-C connector pinouts are
shown in Figure 2-6.

2-46. AGGIE/ARGUS Bus Interface

A controlsignal called ADVAL- signals that a memory or
parallel I/ O bus cycle is taking place on the ARGUS bus,
and a control signal called AGVAL- is used to signal that
a memory or parallel I/O cycle is taking place on the
AGGIE bus. These two signals differentiate ARGUS bus
cycles from AGGIE bus cycles. When a memory or

parallel I/O device is selected, it must respond with
ADACK-. When a CRU bit is addressed, the device
selected must respond with the CRACK- signal and
supply data on the CRIN line. CRCLK- is used to latch
data from CROUT into a device’s register during a CRU
I/0O write. The AGGIE/ ARGUS bus interface is selected
by three signals, AGGIE-, ARGUS-, and CRU-, which
are produced by address decoders U34 and U50. The
AGGIE- signal selects AGGIE memory devices with the
AGVAL- signal. The ARGUS- signal selects ARGUS
memory devices with the ADVAL- signal. The CRU-
signal selects CRU 1/O or memory-mapped I/O on the
ARGUS bus.

The data from the Microprocessor is buffered onto the
AGGIE bus by buffers U7 and U8. Buffer U21 buffers the
CRIN and CROUT signals from the AGGIE bus to the
most- and least-significant bits of the Microprocessor
data bus for serial CRU I/O. The buffers are enabled and
disabled by the buffer-control-logic PAL (U20). The
AGGIE bus PAL (U20) enables data bus buffers U7 and
U8 when it receives the ARGUS or AGGIE signals from
the CRU I/ O decoder (U34) in conjunction withthe R/ W
signal from the Microprocessor.

The physical-address lines from the memory mapper and
the Microprocessor are buffered onto the bus by U9, U10,
and Ull. Two of the address lines, signals AD16 and
ADI17, are altered by the Memory Decoder (U50) for
compatibility with the ARGUS bus because the ARGUS
bus sets AD16 and AD17 high for memory-mapped I/O.

2-47. TIMING
2-48. Wait State Generator

The WAITGEN PAL (U31) is a registered PAL that is
clocked by the CLKOUT signal from the
Microprocessor. It can be thought of as a timer with the
timeout period set by its inputs to 0, 1, 2, 3, or a variable
number of clock cycles.

All Microprocessor cycles begin with ALATCH and end
with READY. The READY signal to the Microprocessor
is delayed by the Waitgen PAL (U31). This PAL is used to
cause wait states in the Microprocessor’s timing when a
device is addressed. Wait states are necessary because not
all devices can accept or supply data within one memory
cycle.

Ready signals from the dynamic RAM and AGGIE bus
interface are used to cause a variable number of wait
states. The dynamic RAM usually causes one wait state,
but more may be required to handle memory refreshing.
The AGGIE bus will cause a variable number of wait
states from 3 on up depending upon the device addressed
on the bus. Select signals from the CRU 1/0 Decoder
(U34) and Memory Decoder (US0) cause 0, 1, 2, or 3 wait
states.

2-13
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Figure 2-4. IEEE-488/RS-232-C Switch (S1)
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RTS Request to Send
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DSR Data Set Ready

RET Signal (Logic) Ground

CcD Carrier Detect

UND Undefined

SRLSD Secondary Receive Line
Signal Detect

DTR Data Terminal Ready

SRTS Secondary Request to Send

Figure 2-6. RS-232-C Connector Pinouts

The OTHER signal from the CRU I/O Decoder occurs
whenever a non-memory or non-I/ O cycle is detected.
These cycles occur when the Microprocessor is
performing an internal operation or a Macrostore
operation and require no wait states. The bus status codes
for these are AUMSL, AUMS, RESET, WP, ST, MID,
and HOLDA. :

2-49. AGGIE Bus Timing

Bus-control signals are controlled by a State Machine
using a sequential-logic PAL (U22) and two flip-flops
(U23, U30). The State Machine (U22) causes RINT-to go
active. When RINT- is active, interrupt requests may be
placed on the data lines.

The Timeout Counter (U63) ends a memory or I/ O cycle
when the Microprocessor is waiting for a ready signal that
never occurs, due to a faulty or non-existent device.

A device selected for parallel I/ O using the AGVAL- or
ADVAL- signal must respond with the ADACK- signal
when it is ready to complete a bus cycle. If a device does
not respond with ADACK-, the timeout counter causes
the cycle to end and causes a timeout interrupt. The
ADACK- signal may be used to insert wait states up to the
limit set by the timeout counter.

A device selected for serial CRU 1/O must respond with
CRACK-. If a device does not respond with CRACK-,
the bus cycle completes normally, but no data is read or
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written. The CRU- signal causes the ADVAL- signal to
go active when the Microprocessor is doing a parallel
CRU I/0 operation. Otherwise, the CRU- signal causes
CRIN, CROUT, CRCLK-, and CRACK- to be used for
serial CRU I/0O operations.

Figures 2-7 through 2-10 show typical timing diagrams
for bus cycles as follows:

o  Figure 2-7 shows timing for AGGIE memory
devices.

®  Figure 2-8 shows timing for ARGUS bus memory
and I/O cycles.

e  Figure 2-9 shows timing for a serial CRU 1/0 bus
cycle.

e  Figure 2-10 shows timing for interrupts.
Table 2-4 shows the AGGIE bus pinouts.

2-50. VIDEO/GRAPHICS/KEYBOARD
INTERFACE (VGK)

2-51. Introduction

The VGK provides an interface between the SBC (Single-
Board Computer) and the TSO (Touch-Sensitive
Overlay), the programmer’s keyboard, and the video
display.

One major function of the VGK is to control the CRT.
Codes received by the VGK from the SBC cause
characters and graphics to be displayed. The circuitry on
the VGK converts the image specification into the sync
and video signals that are sent to the video monitor.

The other primary function of the VGK is to provide
input from the user. The 1722A can be controlled by
either the TSO orthe removable programmer’s keyboard.
The VGK includes circuitry to detect key closures on the
TSO and the keyboard. These user inputs are sent to the
SBC as character codes over a serial link.

A block diagram of the VGK is shown in Figure 2-11. To
describe the operation of the VGK it is helpful to divide its
circuitry into five sections:

®  The general-purpose microprocessor system
®  The ARGUS-bus interface

®  The TSO and keyboard interface

®  The character display

®  The graphics display

CLKOUT

Y/ Y/ Y/ M\
ALATCH

/\ /\
SYNC—

Y/ v S /M /T /T

ADDRESS, BUSWR—, and WRITE DATA

XXX XXXRRRRXIXX
AGVAL—
\_ S "\ W
ADACK—
XXX/ XXX/
READ DATA

NO BUS WAIT STATES
TWO 98000 WAIT STATES

ONE BUS WAIT STATE
THREE 99000 WAIT STATES

Figure 2-7. AGGIE Bus Memory Timing
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Figure 2-8. ARGUS Bus Memory and 1/0 Cycle Timing
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Figure 2-10. AGGIE Bus Interrupt Timing

Table 2-4. AGGIE Bus Pinout

NAME PIN PIN NAME
LCOM 1 2 LCOM
LCOM 3 4 LCOM
+5VB 5 6 +12vB
AD19 7 8 AD18
AD17 9 10 AD16
BUSWR- 11 12 HALT-
RQOUT- 13 14 RQIN-
GRIN- 15 16 GROUT-
ADVAL- 17 18 BMODE-
LCOM 19 20 ABORT
DI15 21 22 DI14
DI13 23 24 DI12
DI11 25 26 DI10
DI09 27 28 DI08
DI07 29 30 DI06
DI05 31 32 DI04
DI03 33 34 D102
DI01 35 36 DI00
LCOM 37 38 RINT-
CRIN 30 40 CROUT
CRCLK- 41 42 CRACK-
AGVAL- 43 44 ADACK-
AD21 45 46 AD20
AD15 47 48 AD14
AD13 49 50 AD12
AD11 51 52 AD10
AD09 53 54 ADO8
ADO7 55 56 ADO6
ADO5 57 58 ADO4
ADO3 59 60 ADO2
ADO1 61 62 ADOO
-5vB 63 64 DCOK
LCOM 65 66 LCOM
SYNC 67 68 -12V
+5V 69 .70 +5V
+12V 71 72 +12V

2-52. The Microprocessor

The VGK is controlled by a TMS-9995 microprocessor
(U30). The circuitry that surrounds it provides address
decoding and buffering for the RAM, EPROM, and I/O
devices.

2-53. ADDRESS LOGIC

The 16 address lines from the microprocessor are buffered
by U19 and U38. The upper two bits are decoded by the
two halves of U16. One section isenabled by a low level on
MEMEN-, and is used to decode memory and register
references. The other half of Ul6 is enabled when
MEMEN- is high for CRU transfers.

The memory enable signals from U16 (pins4-7) divide the
memory space into sections for ROM, RAM, and
registérs. The RAM (U28) is used by the processor for
I/O buffers and other variables. It is a 2K-by-8 device,
with unmarked jumpers to allow expansion to a larger
device in the future. The firmware is contained in a 8K-by-
8 EPROM (U29). If more code space is required, cuttinga
trace and installing a jumper will allow the use of a 16K-
by-8 device.

The address PAL (U18) decodes, at least partially, all
other memory addresses in the system. It is enabled
during the upper fourth of the memory addresses (AlS
and Al4 high) and uses DBIN-, WE-, and A13-A10 to
decode several sections. Further decoding is performed
for each section by selectors U48, U20, and U78. Table 2-5
shows the VGK memory map.

Most memory and registers may be accessed by the
microprocessor at any time, but some require special
synchronization. To accomplish this, the addressing PAL
uses the RDY output to extend certain processor cycles.
This, signal is synchronized to the microprocessor clock
by Ul4, and is connected to the READY line (pin 23) of
the processor. When READY is high, the software
proceeds from one instruction to another at full speed.
When READY is low, the processor stops to wait for a
slow device.
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CRU
BASE DEVICE
ADDR
8000 Host UART
C000 |KB UART
MEMORY
READ REGISTER WRITE REGISTER
ADDR fedc ba98 7654 3210
fc00 1M1 11— = - attr latch (U42) attr latch (U25) .
fa07 111 101- —  -111 - xl (U91,93)
fa06 11 101- -— -110 - xh (U52)
fa05 11 101- -——  -101 - yl (U83,84)
fa04 1111 101- -—  -100 - cl (U85,99)
fa03 1111 101- -— -0 - mi (U72)
fa02 1111 101- -—  -010 - mh (U92)
fa01 1111 101- —  -001 - pan-y (Ueb)
fa00 1111 101- -— -00 - pan-x (ust)
400 1111 01— —=— =" CRTC- (U31) CRTC- (U31)
€603 1110 011- — 11 gdot (U89) gdot (U73)
€602 1110 011- -— =10 clra (U87,96) led (u1)
€601 1110 011- -— =01 crom (U24) ctri2 (U7)
€600 1110 011- -— -00 status (U98) ctri1 (U49)
€400 1110 010- --** **** KB (U3s37) | —
dooo 1101 -*v* rrer attr (U42) attr (u2s)
c000 1100 -**> ¥ e char (U27) char (U13)
8000 10-- — - - -
40w 01_ HEx Tk kk L2 2 2 RAM (U28) RAM (U28)
0000 00-* Exrn *xEn Errw ROM (U29) ROM (U29)
Legend: * address bit is decoded in the device
- address bit is ignored

For example, the CRTC (CRT controller) requires more
time to accept new data than other registers on the VGK.
When the CPU writes to the CRTC the addressing PAL
brings the RDY line low. When the write cycle is
complete, the CRTC RDY line is set to a logic high level
(by circuitry that isexplained later). CRTC RDY informs
the addressing PAL that the transfer is complete and the
RDY line is returned to a high level so that the processor
can proceed.

In-line resistor R12 allows the RDY signal to be over-
ridden for testing purposes. By pulling TP3 (“READY™)

low, the processor will stop on the current instruction. If
TP3 is held high, the processor will continue at full speed
even during accesses which should be delayed.

2-54. DATA INPUT AND OUTPUT

The data bus of the microprocessor is connected directly
to the system RAM, EPROM, and the CRT controller
(U31). This direct connection is faster and reduces the
load on the outputs of the VLSI devices. Data transfers
with other devices are buffered through Ul5. The
addressing PAL (U18) disables the buffer when it is not
needed.
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In addition to the system RAM and EPROM, the
microprocessor can access a number of hardware
registers. Two of these registers, U7 and U49, are eight-bit
latches used for controlling individual signal lines. For
example, the BEEP line (U7, pin 19) enables U14, which
divides an output of the CRTC by two to produce a 3-kHz

tone for the speaker on the motherboard. Transistor Q2

buffers the divider output.

The status register (U98) is an eight-bit input port used to
read the logic value on individual signal lines. Four of
these are connected to user selectable jumpers (JPR-1).
When no jumper is present the line is pulled high by a 10-
kQ resistor (Z2). When a jumper is installed, the line is
grounded and the software reads a logic low. The function
of the jumpers is defined by the software; they are all
normally open.

2-55. ARGUS Interface
2-56. DATA COMMUNICATION

The 1722A Single-Board Computer (SBC) communicates
with the VGK through a serial link. There are two UART
chips on the VGK which are connected together “back-to-
back.” The transmitter output of each UART is tied to the
receiver input of the other. One UART (U10) is in the
SBC CRU space, and the other UART (U46) is in the
CRU space of the VGK microprocessor. This
arrangement allows the two independent systems to
communicate without synchronization. It has the further
advantage of simplifying the SBC boot procedure. If the
VGK is missing or defective, the SBC communicates
through the external RS-232-C port simply by addressing
a different UART.

The ARGUS interface consists of three-and-one-half
chipsthat connect the host UART (U 10) to the bus. U12 is
a buffer that provides CRUOUT, SYNC, DCOK and the
bit address lines to U10. The 3-MHz clock required by the
UART is derived by dividing the SYNC signal by two in
U9. The remaining logic is contained in the ARGUS
interface PAL (U11). This PAL performs the following
functions:

e It decodes the CRU board address and returns the
open collector CRU acknowledge.

o It gates the tristated CRUIN- signal.
e It inverts and buffers CRUCLK.

e It gates the UART interrupt onto D8 during RINT
using an open collector driver.

The other UART (U46) is a CRU device of the VGK
microprocessor. The CRU address space is decoded into
four sections by U16. MEMEN- is inactive (high) duringa
CRU access. It is inverted by U35 (pin 6) and is used to
enable U16 (pin 15).
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The clock input to the UART is connected to the
CLKOUT signal from the microprocessor (buffered by
U37). This signal is the dot clock divided by four, which
results in a frequency of about 3.2 MHz. Thetwo UARTs
have internal dividers set to appropriate values so they
can exchange data at 19200 bits per second.

When the UART (U46) has sent or received a character, it
interrupts the VGK microprocessor by asserting INT-
(pin 1) low. The interrupt output lines from this UART
and the one forthe 1722A keyboard are ORed together by
U45 so that either one can get attention from the
Processor.

2-57. POWER-ON PRESET

The other function of the ARGUS interface is the power-
on preset. The DCOK signal is held low during power-up
by a circuit in the 1722A power supply. DCOK does not
become active until all of the dc voltages in the system are
in-range and stable. DCOK is also forced low by an
operator-initiated cold reset (explained in the section
describing the Power-Up Module). This signal is used to
force the VGK into a known, safe state.

The DCOK signal is buffered by Ul2 and is used to
perform the following functions:

° Clear U1 to turn off the CLICK line.

®  Clear U7 to disable GREN and CHEN to turn off
the display before the microprocessor clears it.

° Clear U49 to disable BEEP to avoid unwanted
noise.

®  Restart the microprocessor.

All other control lines can be initialized by the software.
Resistor R11 isolates the CPU reset from DCOK. When
TP2 is grounded, the microprocessor is reset but the other
devices connected to DCOK are unaffected.

2-58. TSO and Programmer’s Keyboards

The VGK includes two keyboard interfaces. When the
VGK board is plugged into a 1722A, the Y1700
Programmer’s Keyboard may be attached to the 5-pin
DIN connector on the front panel. When the VGK board
isinstalled in a 1720A, a 24-pin connector is provided for
the Y1720 keyboard.

2-59. 1722A KEYBOARD INTERFACE

The 1722A keyboard is a microprocessor-controlled
subsystem which communicates with the host over a
TTL-level serial link. The VGK processor is connected to
the keyboard through a 9902A UART (U36). Most of the
communication is from the keyboard to the VGK over the
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“FROMKB?” line (pin 37 of the application connector,
P10). A code is sent every time a key is pushed. There is
also a status byte that is sent every one or two seconds. A
resistor pulls FROMKB high to inhibit false characters
when the keyboard is disconnected.

There are a few codes which are sent from the VGK to the
remote keyboard over the “TOKB” line (pin 39 of P10). These
commands are used to turn the remote LEDs on and off. The
Page-Mode and Caps-Lock LEDs are controlled by the VGK
firmware, while other LED lines, which may be used by
remote controls, are set and reset by user software. Resistor
R14 is in series with TOKB because pin 39 of connector P10
is grounded when the VGK is installed in a 1720A. Refer to
Table 11-1in Section 11 of this manual for LED codes. Order
option 17XXA-300/AA for the rear panel Remote Interface
connector.

2-60. 1720A KEYBOARD INTERFACE

When the VGK board is installed in the 1720A, the Model
Y1720 keyboard is used. This keyboard does not have an
on-board microprocessor; therefore, it uses a different
circuit on the VGK board.

Each key on the Model Y1720 keyboard is addressed as
part of an eight-bit field within the CRU space of the
VGK Microprocessor. Each key is a bit in the eight-bit
field and can be either 0 or 1 depending upon whetherthe
key is depressed. The address and bit position of the keys
is shown in Table 2-6.

To read the state of a particular bank of keyboard
switches, the microprocessor performs a dummy read at

the associated address. The address is latched into U3 and
sent to the keyboard on PSK0-3. These lines are decoded
into nine open-collector column strobes on the keyboard.
A closed switch connects a column output to a row input
(KRO0-7). These inputs are gated onto the VGK data bus
by U6 and U37. Low bits at the input to U6 indicate a
closed key. Z2 pulls open inputs high. After the input lines
have had time to settle, a second read is performed at the
same location to determine which keys are closed.

The Caps Lock and Page Mode LEDs are driven from a
buffered latch (U7). The key clicker and the seven
external LEDs are driven from buffered latch (Ul)
followed by a bus buffer (U2). The signals from the shift
and control keys are pulled to ground when the associated
key is closed. These signals are pulled up by Z2 and read
into the Microprocessor through U98.

2-61. TOUCH-SENSITIVE OVERLAY (TSO)

The TSO consists of a 10-by-6 array of contacts, with 10
columns and 6 rows. Each column is mapped into a byte
of memory beginning at E430. When the processor reads
from one of the TSO addresses, the four low-order bits
are latched into U3. These bits are decoded into one of 10
column outputs by US. Touching the TSO causes a
contact closure that connects a column output to a row
input, pulling it to ground, as with the Model Y1720
keyboard. The row inputs are pulled up by Z1 and
detected by the CMOS inputs of U6. Z3 is provided for
static protection of the CMOS inputs, which are used to
allow higher TSO contact resistance.

Table 2-6. Keyboard Map

KEY REPRESENTED BY BIT
BANK ADDRESS 7 6 5 4 3 2 1 0

0 E40C 1 {esc) Q (tab) {cap) —_ z {nxt)
1 E40D 3 2 E w S A C X
2 E40E 5 4 T R F D B v
3 E40F 7 6 U Y H G M N
4 E41C 9 8 o] | L J " )
5 E41D - 0 [ P K {pag) ?
6 E41E - + {del) ] " —_ {spc)
7 E41F {up> {bak) (It) —_ )} (rt) {In) _
8 E42C {dIn) {dn) {dlc) (rt) —— —_— _ _
9 E42D | ~-—"—-—"— - - - - - - NOTUSED - = = = = = — — = -

Where:

{esc) = escape {It) = left arrow (If) = line feed

(tab) = tab {up) = up arrow (din) = delete line

{cap) = caps lock {bak) = back space {cr) = carriage return

{nxt) = next page (dn) = down arrow {dic) = delete character

{spc) = space bar {rt) = right arrow {pag) = page mode
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2-62. Character Display

The VGK supports 16 lines of 80 characters. Each
character position on the screen has a corresponding
location in the character memory. Two independent
processes are involved in the character display: memory
update and screen refresh. The VGK microprocessor
stores data into the character memory as a result of
commands from the SBC. At the same time, the contents
of the character memory is continuously read and
translated into bit patterns which are placed on the
screen.

2-63. CHARACTER-GENERATING ROM

Each character is displayed on the screen in a cell eight
dots wide by 14 dots high. The dot pattern for each
character is stored in 16 bytes of the 4K-by-8 character-
generating EPROM (U32). The four lowest address bits
are used to indicate the current scan row. The upper eight
address bits choose one of 256 characters. The user has
access to two software selectable 128-character sets.

The contents of the character-generating EPROM can be
read by the VGK processor. A latch (U24) stores the
output of the EPROM (U32) when the cursor is
displayed. US7 is a one-bit flag which indicates that the
cursor has been active since U24 was last read. Toread a
given scan row of a character pattern, the character is
placed under the cursor, which is programmed to be
active on the desired scan row. A dummy read of U24 is
performed to clear US7. Later, when the output of U57 is
active again, U24 contains the datum of interest.

2-64. CHARACTER TIMING

To display one row of 80 characters on the screen, the
corresponding memory locations are read 14 times, once
for each scan row in the character cell. As the CRT scans
the top row of a line of characters, the VGK places the
required bit pattern on the video output. There are 640
active pixels on each scan row; that is, eight dots for each
of 80 characters. When the CRT refreshes the next row,
the dot pattern will be the second row of the same
characters. This process is illustrated in Figure 2-12.

The CRTC (CRT Controller) provides the read addresses
to the character RAM and EPROM. Each line of
characters is read 14 times while the row outputs count

from 0 to 13. The CRTC also provide HSYNC and .

VSYNC outputs to control the monitor.

The display must be refreshed 60 times each second (50
Hz in Europe) so that stray magnetic fields from near-by
power transformers do not cause the display to roll. The
refresh speed indirectly determines the dot clock
frequency. The monitor requires about 42 scan rows for
vertical retrace; this, added to the 224 displayed scan rows
(16 lines with 14 scan lines each), makes 266 scan rows in
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1/60th of a second. This density implies a horizontal
frequency of 15.960 kHz. The monitor requires 20
character-times for horizontal retrace. These 20, added to
the 80 displayed characters, result in 100 character-times
in every scanrow, or one character every 627 ns. Finally, 8
dots in each character implies a dot rate of 12.77 MHz.

The crystal oscillator (U8) on the VGK runs at 25.54
MHz. This signalis divided in half in the clock PAL (U22)
to generate DCLK, the clock used to shift data to the
monitor.

The bits for a new character are sent to the monitor every
627 ns. Three steps are involved in this process. First, a
character code is read from the memory (U34). The code
is latched (U26) along with the current row address (U40)
from the CRTC to form the address for the character
generating EPROM. The bit pattern is read out of the
EPROM (U32) and loaded into the character shift
register (U23). Each bit is then shifted through the
attribute PAL (U54) and out to the monitor. Each of
these steps is on part of a three stage pipeline, so while one
character is being shifted to the monitor, the EPROM is
looking up the pattern for the next character and the
RAM is looking up the code for the character after the
next.

2-65. ATTRIBUTES

In parallel with the character RAM, there is an attribute
memory (U33) with one byte associated with each
character cell on the screen. Attributes modify the
appearance of the characters.

There are five user selectable attributes, each controlled
by one of the bits in the attribute memory:

* ®  Inverse — Black character on a white background

e  Flashing — Character blinks on and off once per
second

- ®  Highlight — Brighter display

®  Underline — A line is drawn under the character
®  Opaque — The graphics image is inhibited

The underline position is fixed in the double-size PAL
(U40) and the blink rate for flashing characters is
software-controlled at pin 15 of U7.

The attributes are read at the same time as the
corresponding character, and they keep step in the
pipeline as they are latched in U43 and U55. While the bit
pattern for a given character is shifting through the
attribute PAL (U54), the associated attribute bits are
present at the inputs to the PAL.



THEORY OF OPERATION

VIDEO/GRAPHICS/KEYBOARD INTERFACE(VGK)

7TH

7 —

6TH

5TH

A

A\

3RD 4TH
CHARACTER CHARACTER CHARACTER CHARACTER CHARACTER CHARACTER CHARACTER

2ND

18T

FIRST AND SECOND LINES OF A CHARACTER ROW

THIRD AND FOURTH LINES OF A CHARACTER ROW

ooooao
aooooo
agoomo
oooomm
oooomo
ooo0wo
oooomo
ooooso
0ooooo
oooooo
ooooas
oooooo
aoooooo
o0oaoo
onoooo
minimim] | |
Doooooo
aoooao
ooopmn
aooooe
aooooao
onoooo0
aoooom
ooooeo
oooopoo
0ooooo
oooooo
oooooo
oooooo
oooooo
aaooao
aooooo
oooooo
oompan
aomopoo
omoooo
omooao
omo0ao
oomnooo
(m[mfm] | ¥ |
ooooao
aommemn
omooom
omooom
asooom
omooom
OuEEEm
osoaoa
aooooao
miwiml | § ]
oomsoon
omoaoan
omooao
owoaoo
aoomoon
misin] | | |

FIFTH AND SIXTH LINES OF A CHARACTER ROW

ooooooon
Qooooooo
OooOosooo
OoooOosmoo
oooomomen
oooomooe
0n0Oosono
oooomooo
ooonooooo
oooooooon
oooomaERE
0ooQo0ooo
oooooooo
oQooooag
onopoooo 2
wlsiwls] T 11 K°
onopgoog &
00000000 «
DoODw0oo M
000o0woo o
gooooome <
oonooooss <
DDDDDIDDM
O0o000Ow0oo S
00000000 4
Doooooog
0o0oooooo §
00000000 ,
0oooopoo w
Dooooono 2
oooooooo o
000000a0o -
000Do0ooo T
oomooooa ©
aom0pooon w
Om00000o a
Oos0Oooaao 2
osgooooa <

DoEDOOmO0
omoOomoo
w] Julwin] Tulu]
OmOoomoo
DEENEEED
om000000
ooonoooon
O0OmEEEN
oomOo0Omo
om0o00Om0
Omo0oom0
Ows0o0o00mo
Oomo0Os0
wlafal 1111

00000000
DoOoooooo
oosocooom
oommooom
[w] Iu] uim] ]

go0oooQoogogaao
O
0
o
u}
u}
0

n
]
O

EEEBROOROOCONO
miuis] uin] Juisinis]

OCCORCOREEBREDOE
goomoomOD00
wimin{ Ju} } ] | 1]}

]
a
a
m}

omooo

0000000000000o000000000000000000000000000000000000000000
CoesCOONRERERCCOUERERO000000000000000000000000000000000

OE000s000RO000NO0R0000R00000000000000000000000000000C

NINETH AND TENTH LINES OF A CHARACTER ROW

0oooooonoooono
0o00000000o0o0o0o0o0
Suisin] uin/ulw] [wisiuls}
(minim(n] | Injuin] [sinin]s]
(mmimm] Jw] Joje] fwie]e]s

onoomsn0oosaso0o00
0oooeooooeoon
000ao0000aoaon
Do0oooonoooon
oooOnEREAEER
ooooooooeooo
oooooooooweaon
oooooooooraon
Onoooonoomaon
wiwimiw] ¥ [ 1 ] Is[u] |
ooooaoooooaao
aooonooaoaoao
ooooenooomoon
O0ooOoscoe0oo
anoooosenooon
Qooaoome000oo
goooos0Ooscooo
Ooooos0o00Omaoo0
ooonooooooooo
aogooaoaaaooo
naooooooonooo
DDDDDDDDDDDDM

D

a
]
]
O
a
]
ju]
]
a
|
a
a
m}
a

miuiminjal | } | |sjsisis)

0000000000000000000000000000000000000000000a00ac

00oaooooooaao
Dooonoonooooag
ooanooooooooo
doooooooonaaoq
00o0oooooaooona
OoOomO00O00Om0O000
aegoogooosaaaq
amOOooooomooon
OmOQooooomooo
aecooooaoowaoa
(uin] Tmiwisin[s] Juisin]s}
ooOmsEEE00000
oooaooooonooa
oosERORRERO0O00
m] Injmin] Iuju]u] ss]s]
OmoOoOomcoomaoo
m]_=imia] [nisia] [uisiw
u] Injuiu] Injsis] [u]s]m]
OEESENEEERC000
aom00o0ooowoo0
Ooo00oo0o0o0oog
DDD.IIIII.DDW
a

>

(m]e] Ieiuis] [sinjuin]s}
oR0oo00Om0ooog
OR0OQ00OmO000000
asoooaomoooaooo
min] Imnje] (sis(sisisje]s}
misjm] 1 ] 1 | ] ] [ujsejal

ELEVENTH, TWELFTH, THIRTEENTH, AND FOURTEENTH LINES OF A CHARACTER ROW

Figure 2-12. Character Row Display

2-25



THEORY OF OPERATION
VIDEO/GRAPHICS/KEYBOARD INTERFACE(VGK)

In addition to the five user-selectable attributes, thereare
two others which are used by the firmware. One bit is used
to inhibit the first stage of the attribute pipeline from
latching new data. This allows the attributes associated
with one character to affect subsequent characters
regardless of the actual values of their attributes. This is
used to implement the field attribute mode which is
explained in the 1722A System Guide.

The other firmware-controlled attribute is used in field
attribute mode to inhibit the current visual attributes
from affecting a given character. A character with this bit
set is displayed normally even if attributes are applied to
the field that it is in. This is used to force character
graphics to be displayed without attributes, primarily for
compatibility with the 1720A.

The attribute PAL combines the inputs shown in Table 2-
7 to generate the video output for the VGK. This output is
buffered by U100 and sent to the monitor through the
brightness control, R6. Figure 2-13 shows the

combination of character and graphic images in the
attribute PAL.

2-66. DOUBLE SIZE

Another feature of the display is that it can be converted
to eight lines of 40 characters that are twice as high and
twice as wide as normal characters. To double the height,
the CRTC is programmed for 28 scan rows per character
and the double-size PAL (U40) divides the row outputs
(RO-R4) by two.

Double width is achieved by dividing the character dot
clock, CDCLK, rate by two in the clock PAL (U22, pin
12), and loading the character shift register (U23) half as
often. The load-enable pulses are qualified by the output
of U57 (pin 6), which is forced high during normal-size
but divides the character clock by two when DBLSZ is
active. U57is also used to enable the loading of the second
stage attribute latch (U68) to double the width of the
cursor.

Table 2-7. Attribute Inputs

INPUT FUNCTION

CviD Character Video: Bit pattern from shift register (U23) loaded from character-generating ROM
(U32).

UNDER2 Underline Attribute: Active during one scan line of underlined character. This signal is ORed
with the character bit pattern.

BLINK Blink Attribute: Active during selected characters and when blink clock (BLCLK), a software-
controlied bit, is active. Disables character and underline dots. Normally, the software
toggles the blink clock at a steady rate, causing selected characters to flash.

REV Reverse Video Attribute: Inverts the character image so the background is white and high bits
are black.

HIGHLT Highlight Attribute: Inhibits modulation of the video signal to allow full intensity.

CUR2 Cursor: Active in only one character cell on the screen; selected by the value in the cursor
register of the CRTC. Causes video image to be inverted. Normally this signal blinks at a slow
rate to highlight the next location for character entry.

GVID Graphics Video: Serial bit stream from Graphics memory. Normally ORed with modified
character video.

OPAQUE Opaque Attribute: inhibits graphic image in selected character cell to avoid obliterating the
text.

ATTREN Attribute Enable: Simultaneously controls the four 1720A-compatible attributes: underline,
blink, reverse video, and highlight. This is used to implement non-transparent attributes and
to inhibit attributes on character graphics. This is only required for 17720A compatibility.

DCLK Dot Clock: 50% duty cycle shift clock used to modulate the video output to provide normal
intensity. Highlight is achieved by inhibiting this modulation.

DE2 Display Enable: Used to blank the screen during horizontal and vertical retrace.
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U22 PIN 12 CDCLU
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IR AR RPN TP10

B. GRAPHICS BUT NO CHARACTERS

Figure 2-13. Video Signals at Attribute PAL (U54)
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2-67. COMPOSITE VIDEO OPTION

A phono plug is provided on the rear of the VGK to drive
external monitors. This connector provides the
composite video output, which is a combination of
HSYNC, VSYNC, and VIDEOQ, according to an industry
standard.

The basic timing of the sync signals comes from the CRT
controller chip. The width and position of the pulses is
programmed by the firmware. Several chips are required
to combine the two sync pulses into CSYNC-. The general
level of CSYNC- (U50, pin 9) follows VSYNC- (U9, pin
9). The set and reset pins on U50, however, are driven by
the input and output of shift register U101, to insert pulses
so that the falling edge of HSYNC- maintains a uniform
spacing. The formation of CSYNC from HSYNC and
VSYNC is illustrated by Figure 2-14.

2-68. CHARACTER-MEMORY ACCESS

The character memory can be accessed twice in the 627 ns
character period. The screen refresh process loads a new
character into the pipeline during the last half of this time.
This allows the VGK microprocessor to update the
memory during the first half of the character cycle. When
CCLK (U22, pin 14) is low, the processor is allowed to
access the character and attribute memories. This period
is called the processor access window. When CCLK is
high, the character address comes from the CRT

controller. The address bits are multiplexed between
these two sources by U21, U39 and U44.

The character memory timing must be synchronized to
the display, which means that the processor may be
delayed. The timing is controlled by two flip flops from
U4 and U17. Both flip flops are forced to a reset condition
between processor memory cycles when WE- or DBIN-
are high. When a read or write begins, C1 (U4, pin 5) is set
high by the falling edge of CCLK, which marks the
beginning of a processor access window. If the firmware is
addressing a synchronized address, the address PAL
brings the RDY line low to stall the TMS-9995. When Cl1
becomes active, the CHREN- line goes low to enable the
transfer. The processor access window closes when the
rising edge of CCLK causes C2 (U17, pin 5) to be set. With
this, the address PAL deactivates CHREN-and raises the
RDY line, allowing the processor to continue.

When the VGK microprocessor writes to the character
RAM, U13 buffers the data. U27 latches the data that is
read from the character RAM during the processoraccess
window. The read data is latched because the processor
does not actually receive the data until its READY line is
high and the RAM has begun reading a character for the
screen. U25 and U42 perform similar functions for
accessing the attribute RAM. When data is written to the
attribute RAM, U25 latches it. As an aid to the firmware,
whenever a value is written to the character memory, the
current attributes are stored in the corresponding
location in the attribute RAM.
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Figure 2-14. Horizontal and Vertical Sync Pulses

2-28



THEORY OF OPERATION
VIDEO/GRAPHICS/KEYBOARD INTERFACE(VGK)

2.69. PROGRAMMING THE CRTC

To program the CRTC, the microprocessor writes to one
of two eight-bit registers. The RS input (register select,
pin 24, U31) determines which register is modified. To
access the CRTC registers, the microprocessor writes to
address F400 or F401. These addresses are decoded by the
address PAL (U18) and cause a logic low on CRTCEN-
(CRT controller enable) which is connected to the CS-
(chip select, pin 25, U31) input on the CRTC. Writing to
the CRT controller takes more time than accessing
memory, so the address PAL stops the processor when
one of the CRTC addresses is recognized. The timing of
the access cycle is controlled by hardware, similar to that
used to synchronize accesses to the character memory.
The CRTCEN- signal enables a timing chain (U4 and
U17) which activates the enable input (pin 23, U31) at the
beginning of the next CLKOUT- cycle. One CLKOUT-
cycle after that, the CRTCRDY is activated, which causes
the address PAL to raise the READY signal, allowing the
microprocessor to continue with the next instruction.
This system guarantees that the CS- signal will precede
the enable signal and that the enable will be active for the
required time. A timing diagram of this sequence is shown
in Figure 2-15.

2-70. Graphics Display

The VGK provides bit-addressable graphics over the 640-
by-224 dot area of the screen. The graphic image is
independent of the character display logic. The video bit
stream from the graphics portion of the board is
combined with the character image in the attribute PAL
(U54) right before it is sent to the monitor.

The graphics subsection is divided into display logic and
update logic. The display logic reads one byte from the
graphics bit plane every character cycle (627 ns). This
datum is loaded into a shift register (U75) and is sent to

the attribute PAL. The update logic is called the vector
generator. This circuit writes to the graphics memory, one
bit at a time, to draw straight lines of programmable
length and direction. The VGK microprocessor must
access the graphics memory through the vector generator.
After this specialized logic is programmed, it can draw a
line on the screen 10 times faster than the processor could
without it.

2-71. GRAPHICS MEMORY TIMING

The dot clock frequency of 12.77 MHz is determined by
the display requirements. The crystal oscillator runs at
twice this rate to guarantee a 50% duty cycle on DCLK.
The higher speed gives greater resolution to the clock
PAL, which contains a four-bit state machine that
generates system timing signals. A description of these
signals is given in Table 2-8 and their relationship is
shown in Figure 2-16.

The reset input to U22 is only used for automatic testing,
which requires that the signals start from a known state.
The DBLSZ input causes the CDCLK output to toggle at
half the rate of the DCLK output when the double-size
mode is selected.

2-72. DISPLAY ACCESS

To display characters on the screen, a set of counters step

. through the addresses of the bytes that are sent to the
monitor. The X-axis counters, U80 and US82, are
incremented by the character clock 80 times as the
monitor scans a single row. They are reset to their initial
value at the beginning of each new scan row. US3and U67
are clocked by HSYNC- when the monitor steps down to
a new line. These Y-axis counters are reset by VSYNC-
when the display cycle starts over. Because the refresh
counters are clocked and reset by signals developed in the
character display logic, the two images remain
synchronized.

r r—

U4 PIN 12 (CRTCEN)

-rU—U u uu m U4 PIN 10 (MEMSTB)

b U4PINS8

1

U17 PIN 9 (CRTCRDY)

Figure 2-15. CRT Controller Timing
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Table 2-8. System Clocks

SIGNAL

NAME DESCRIPTION

DCLK

RAS
R/C-

VCLK

CAS

CCLK

“Dot CLocK”

“Row Address Strobe”

“Ras select”

“Vector CLocK”

“Column Address Strobe”

“Character CLocK”

50% duty cycle clock at the video frequency, used to clock the video
shift registers, to modulate the video output for non-intensified
character fields, and as the input frequency for the TMS-8995.

Row Address Strobe for dynamic RAMs.

Used to multiplex the pixel address into the dynamic graphics
memory. High when row address are selected and low when column
addresses are selected.

Toggles at half the rate of R/C- to select between access by vector
generator and the graphics display update counters. Also used to
develop the load signals.

Column Address Strobe for dynamic RAMs. Inactive edge marks the
end of a RAM memory cycle for both character and graphics RAMs.

Toggles at half the rate of CAS (slaved to VCLK) to select between
access by the microprocessor and the character display update
address. It is used to clock the vector generator and the graphics
display horizontal counter.

Figure 2-16. System Timing Outputs of Clock PAL (U22)

The graphics memory is about three times bigger than
required to fill the screen with dots. The image on the
display is a 224-by-640 bit window into a 256-by-2048 bit
memory. The application software can move this window
within the memory by sending a command to the VGK.
The command establishes the initial values of the refresh
counters. The initial values are stored in the PAN
registers.

The value in the X-PAN register (U81) is copied into the
X-axis refresh counters (U80 and U82) by HSYNC- at the
beginning of every line. This eight-bit value determines
the address of the column of bytes in the graphics memory
that is to be displayed on the left edge of the screen.
Increasing the value in the X-PAN register by one shifts
the image on the display eight dots to the left. The value in
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the Y-PAN register (U66) isloaded into the Y-axis refresh
counters (US53, U67) by VSYNC- at the beginning the
frame. This value determines the address of the row of bits
that is displayed on the top edge of the screen. Adding one
to the Y-PAN register moves the image up one scan row.

As with the character memory, the graphics memory has
two sources. The first is the refresh counters. The second
comes from the vector generator. Each address is applied
to the memory chips for half of the character cycle. Four
selector chips (U69, U79, U94, and U97) are used to
choose one of the two addresses and to multiplex the row
and column addresses into the DRAMs. Figure 2-17
shows that every other DRAM read is for display refresh.

The graphics memory consists of eight 64K-by-1 dynamic
RAMs. The refresh requirements of the dynamic RAM
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are satisfied by the display refresh counters. The
arrangement of the inputs to the address multiplexer
guarantees that all 256 internal rows will be accessed
every 2 ms with any value in the pan registers.

2-73. VECTOR GENERATOR

Graphic dots are displayed on the CRT when the
corresponding bits in the graphics. memory are set to 1.
The vector generator calculates the addresses of visually
adjacent dots and writes to the graphics memory. It
consists of address counters and logic to enable them, and
logic to control the write enable and chip enable of the
DRAMs.

To form a line on the screen, the VGK loads the starting
horizontal position into the X counter (U52, U91, U93)
and the vertical position into the Y counter (U84, U83).
Next, a binary fraction representing the slope is loaded
into the slope register (U72 and U92).

To start the process, the length of the line in dots is loaded
into the count register (U85, U99). To prevent changes to
the address inputs when they should be stable, all accesses
the the vector generator registers are synchronized to the
character clock, as with the character and attribute
memories.

While the value of the count is non-zero, one dot is written
onto the graphics memory during each complete memory
cycle. Lines are drawn at the maximum memory speed of
one dot every 627 ns (1.6 million dots per second).

With each dot, one or both of the X and Y counters is
changed by 1, and the count register is decremented.
When the count reaches zero, the carry out of the counter
(U85, pin 15) becomes active, and the process stops. The
carry-out line is called VBUSY and may be read by the
microprocessor. The software is not allowed to change

the contents of the registers while the vector generator is
busy.

The path traced by the line is determined by two bits,
XUP and YUP, which program the X and Y counters to
count up or down. The XYTRAN line selects which of X
or Y will change with every clock pulse, leaving the other
counter to change when it is enabled by the slope control
logic. For example, if the X counter is programmed to
count up and the Y counter is programmed to count
down, then the resulting line will grow up and to the right.
Note that the hardware places the 0,0 bit in the upper-left
corner of the screen, although the software converts
incoming data to place it in the lower-left corner.

If the X counter increments every cycle, and the Y counter
never changes, the resulting line is horizontal. If both
counters change, the line is diagonal. If the Y counter
changes less often than the X counter, the line’s horizontal
component is greater than its vertical component. Lines
of this type are called X-majorlines and are enabled when
XYTRAN =0. When Y-major lines (XTRAN = 1) are
drawn, the Y counter changes during every cycle and the
X counter changes equally or less often.

The slope accumulator determines when the minor
counter is enabled to change. While the vector generator
is running, the rising edge of CCLK causes the value in the
slope register (U72, U92) to be added (by U86, U88, U95)
to the value in the slope accumulator (U87, U97). The
slope register contains the fraction that represents the
change in the minor counter divided by the change in the
major counter. When adding the fractional slope to the
accumulated value results in a carry (U86, pin 10), the
minor counter is enabled to change. If, for example, the
slope register contains the value 0.25, there will be a carry
pulse every fourth clock cycle and the resulting line will
take one step up for every four steps to the right (assuming
XTRAN=0, XUP=1, YUP=0).

/A

’ \ ’ U71 PIN 4 CCLK
/ \ ’ h / \ U22 PIN 18 RAS—

/

f—\- U22 PIN 16 CAS—

U71 PIN 6 -GLOAD—

Figure 2-17. Graphics Refresh Timing
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The address of each dot in the graphics memory is
composed of eight bits from the Y counters and 11 bits
from the X counter. The Y address and the upper eight
bits of the X address are sent to each device through the
row/column multiplexer (U69, U9%4, U94, U97). The
lower three bits of the X address are used to select one of
the eight memory devices. While writing to one of the
memory chips, the data is presented to all eight but only
one write-enable (WE) is activated by U77. All unselected
memories perform a dummy read cycle.

2-74. UPDATE MODE

The graphics memory read/ write logic allows the graphic
image to be modified in several ways. Two shift registers
are used to convert the bit-oriented graphics memorytoa
byte-oriented device seen by the VGK microprocessor.
The output shift register (U90) collects one bit from the
graphics memory during each vector access cycle. The
microprocessor can read the contents of this register by
enabling the associated bus buffer (U89). The data that
modifies the contents of the graphics memory is loaded
into the input shift register (U73). The contents is shifted
following every write cycle. The shift output is connected
to the shift input to allow patterns that repeat in eight
cycles to be loaded only once.

Graphics memory modification modes are shown in
Table 2-9. The affect of the vector generator on the
graphics memory is determined by the update mode. The
value written to the memory is affected by:

e the input shift register (U73, pin 9);

@ the last bit read from the memory which is stored in
the output shift register (U90, pin 3); and

e the current mode established by M1 and M2.

Table.2-9. Graphics Memory Modification Modes

PREVIOUS VALUE, INPUT BIT
M2 | M1 | MODE 0,0 0,1 11 1,0
0 0 NEW | O(w) 1(W) 1(w) owW)
011 OR 0 1{W) 1(w) 1
1 0 AND O(w) 0 1 ow)
1 1 XOR 0 W) o{wW) 1
KEY:
{W> indicates that a new value was written.
(w) indicates that the existing value was rewritten.

When the contents of the input register are to be
transferred directly to the graphics memory, a write
operation is performed during every cycle. When the new
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data is to be ORed with the present image, it is only
necessary to write when the new data is high. Similarly,
only 0 bits need be written to form the AND result.
Finally, no write operation is required when a 0 bit is
XORed with the existing value. Using this method, the
only time that the present contents of the cell are needed is
when it is toggled by XORing with a logic 1. In this case,
updates to the screen are preceded by reading the existing
bit at the calculated address. This read-before-write is
controlled by a circuit (U50 and U47) which inhibits the
vector generator from advancing on alternate cycles.

2-75. PROCESSOR ACCESS TO GRAPHICS
MEMORY

All access to the graphics memory by the VGK
microprocessor involves the vector generator. To write a
byte to a specific location, the data is loaded into the input
shift register (U73) and a horizontal line, eight dots long,
is drawn from the appropriate starting point. A similar
provision is made for reading the graphics memory.

Selector U76 collects the output bit from the currently
addressed DRAM and directs it to the output shift
register (U90). To read a specific byte from the graphics
memory, the processor fills the input shift register with 1’s
and selects the AND mode so that no chips will be write-
enabled. The vector generator is then programmed to
“draw” a line, eight dots long, beginning at the desired
address. Eight clock cycles later, the vector generator
stops and the output shift register contains the desired
datum. Note that the byte boundaries imposed by the
hardware are irrelevant.

2-76. KEYBOARD THEORY OF OPERATION
2-77. Introduction

The 1722A serial keyboard (Model Y1700) uses the Intel
8048 Family Microcomputer. The hardware and
firmware were designed to allow use of the same
architecture on all 1722A keyboard options.

The keyboard communicates directly with the VGK.
Characters received by the VGK are passed on to the
SBC, which echoes printable characters back to the VGK
for display on the CRT.

2-78. Operation

2-79. POWER-UP SEQUENCE

On power-up, and every 175 scans of the key matrix, the
states of the left-shift and control keys are sampled and

transmitted to the VGK. The natural state of these keys is
open. A 1-second lamp test is executed along with a beep.

2-80. SCANNING

The Keyboard Microcomputer (Ul) scans from column
15 to 0. The column address is sent to the decoder (U2),



THEORY OF OPERATION
KEYBOARD

which grounds one side of a column of keys. The
Microcomputer then reads the data bus to find key
closures as logic 0 and computes the row number. The key
address is formed using the row and column number. If
one key is closed for four scans, the UART routine is
called to transmit the key address. If the key remains
closed until the pause counter underflows, the key is re-
transmitted once every sixteen scans until it is released.

If more than one key is pressed, the scanning process
cycles until only one remains pressed.

2-81. COMMUNICATION PROTOCOL

The serial information is transmitted between a software-
implemented UART in the Keyboard Microcomputer
(U1) and a hardware UART (U36), on the VGK. When
the VGK UART receives a key address from the
keyboard, it generates an interrupt, informing the VGK
Microprocessor (U30) that the data is available. Since the
keyboard firmware does not use interrupts, it must check
the TO KB line every pass through the main program loop
to see if a break condition (logic 0) exists. If it does, the
VGK has a command to send the keyboard. The
keyboard waits in its UART routine for the break to clear
and samples for data bits after detecting a start bit. If the
break does not clear within a fixed time, the keyboard will
start the next scan.

2-82. DATA TRANSMISSION FORMAT

The key addresses and commands use the following
format:

®  One start bit

e  Eight data bits

®  One stop bit

e 1200 baud

e  Signal lines = FROM KB and TO KB
° Space = Logic 0 =0V dc

e Mark =Logicl =5V dc

2-83. LED CONTROL

The LEDs are driven by latch U3 as controlled by
commands from the VGK.

2-84. TRANSDUCER (BEEPER) CONTROL

During the power-up lamp test, the audible transducer
emits a 250 ms beep at 500 Hz. Tactile feedback for
keystrokes is a 4 ms “click” at 1500 Hz. The VGK sends a
command to disable the “click” when parts of the
keyboard are “locked out” under user program control.
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static awareness

A Message From
John Fluke Mfg. Co., Inc.

\ l / Some semiconductors and custom IC's can be

damaged by electrostatic discharge during
handling. This notice explains how you can

7/ minimize the chances of destroying such devices
by:
(Y
9 | l \ Knowing that there is a problem.

1.

2. Learning the guidelines for handling them.

3. Using the procedures, and packaging and
bench techniques that are recommended.

The Static Sensitive (S.S.) devices are identified in the Fluke technical manual parts list with the symbol

The following practices should be followed to minimize damage to S.S. devices.

Id

121

3. DISCHARGE PERSONAL STATIC BEFORE
HANDLING DEVICES. USE A HIGH RESIS-
1. MINIMIZE HANDLING TANCE GROUNDING WRIST STRAP.

v

\.

2. KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR USE. 4. HANDLE S.S. DEVICES BY THE BODY

Page 1 of 2




5. USE STATIC SHIELDING CONTAINERS FOR
HANDLING AND TRANSPORT

6. DO NOT SLIDE S.S. DEVICES OVER
ANY SURFACE

v

7. AVOID PLASTIC, VINYL AND STYROFOAM®
IN WORK AREA

PORTIONS REPRINTED
WITH PERMISSION FROM TEKTRONIX, INC.
AND GENERAL DYNAMICS, POMONA DIV.

© Dow Chemical

Page 2 of 2

8. WHEN REMOVING PLUG-IN ASSEMBLIES,
HANDLE ONLY. BY NON-CONDUCTIVE
EDGES AND NEVER TOUCH OPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLACING SHORTING
STRIPS ON EDGE CONNECTOR HELPS TO
PROTECT INSTALLED SS DEVICES.

]

\

9. HANDLE S.S. DEVICES ONLY AT A
STATIC-FREE WORK STATION

10. ONLY ANTI-STATIC TYPE SOLDER-
SUCKERS SHOULD BE USED.

11. ONLY GROUNDED TIP SOLDERING
IRONS SHOULD BE USED.

—
/

A complete line of static shielding bags and acces-
sories is available from Fluke Parts Department,
Telephone 800-526-4731 or write to:

JOHN FLUKE MFG. CO., INC.
PARTS DEPT. M/S 86

9028 EVERGREEN WAY
EVERETT, WA 98204

J0089D-07U8604/SE EN Litho in U.SA.
Rev.1 MAR 86
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WARNING

THESE SERVICE INSTRUCTIONS ARE
FOR USE BY QUALIFIED SERVICE
PERSONNEL ONLY. TO AVOID ELEC-
TRICAL SHOCK, DO NOT PERFORM
ANY SERVICING OTHER THAN THAT
CONTAINED IN THE OPERATING
INSTRUCTIONS UNLESS YOU ARE
QUALIFIED TO DO SO.

3-1. INTRODUCTION

The 1722A Controller has a modular design that
minimizes down time by allowing the user to diagnose
problems using System Diagnostic software. The diagnos-
tics presented in this section have four parts: System
Diagnostic Software, Dead Box Procedure, Board Isolation
Procedure, and Fault Analysis. The Dead Box Procedure,
Board Isolation Procedure, and Fault Analysis are con-
tained under the heading Troubleshooting. Refer to Section
6 for Troubleshooting information for the 1722A and
1752A options.

The System Diagnostic software can usually narrow down
the failure to one of the replaceable modules. The user can
quickly determine whether the software or the hardware is
at fault in any given problem by running the System
Diagnostic software. If the system goes through the Sys-
tem Diagnostic without any failures, then the problem may
be caused by other software. The Dead Box Procedure is a
troubleshooting aid used when the System Diagnostic
software will not run. The Board Isolation Procedure is
used when neither System Diagnostic nor the Dead Box
Procedure will isolate the faulty circuit board. The Fault
Analysis discussion is used to isolate problems to a group
of components. Component-level troubleshooting is rec-
ommended only when it is not possible to replace a
defective module. The Access Procedures that follow the
Fault Analysis describe how to remove and replace the
faulty module. The Calibration and Alignment Procedures
describe how to adjust the various subsystems for periodic
maintenance or after repair. The final portion of this
section is the Preventive Maintenance Program, which
details the periodic actions necessary to maintain optimum
performance.

For quick reference, the flow chart in Figure 3-1 presents
an overview of the troubleshooting information in this
section. A flow chart for the Dead Box Procedure is shown
in Figure 3-2.

3-2. Required Tools and Equipment

Required equipment is listed in Table 3-1. If the recom-
mended models are not available, equipment with equiva-
lent specifications may be used.

3-3. SYSTEM DIAGNOSTIC SOFTWARE

3-4. Introduction

The following paragraphs cover the operation of the Sys-
tem Diagnostic software and assist the user in diagnosing
problems with the 1722A Instrument Controller.

The System Diagnostic (SD) software is provided on a
floppy disk and is designed to be a customer, manufactur-
ing, and field service tool. Successful completion of test-
ing the 1722A using the System Diagnostic software gives
the user confidence that the 1722A Instrument Controller
is operating properly.

The 1722A and 1752A use a common diagnostic disk.
Standard tests are selected automatically when you enter
the System Diagnostic program. However, the -010 option
test is not selected. Since the 1752A is supplied with a
-010 assembly, the user must specifically select the -010
tests. There are additional performance tests for other
1752A-specific options (see Section 6.)

3-5. MAINTENANCE PHILOSOPHY

The maintenance philosophy for field-service repair is at
the module level, including the SBC, VGK, video elec-
tronics, power supply, floppy disk drive, and the options.
Faulty modules are identified by using the System Diag-
nostic software.

Replacement modules are available through your local
Fluke Service Center. See Table 4-1 for a list of replace-
ment modules. Contact your Service Center for details on
in-warranty and out-of-warranty repairs.

3-6. DIAGNOSTIC DESIGN

The System Diagnostic software uses 2 menu system that
presents the 1722A as a set of modules. A module is either
a circuit board, an externally connected peripheral, or a
major subsystem. There is a set of subtests for each
module. Each subtest covers one specific function of a
module. The test selections are presented on the 1722A
display and use touch-sensitive command blocks for mak-
ing choices.

The menu system allows individual modules to be selected
and tested. A particular combination of tests is called a test
configuration. The Standard Test Configuration can be
used to test a standard 1722A with no options installed.
Other test configurations can be created, edited, stored,
and recalled as Configurations A, B, and C.

Some module tests can cover up to five units (modules of
the same type). For example, the test for the 512K byte
Memory Expansion module (Option -007) can test from
one to five modules.

3-7. MENU LEVELS
The diagnostic software has three menu levels:

¢ The Main Menu presents the test configurations, test
modes, and a destination for the test results.

¢  The Test Menu presents the modules and options that
can be selected for testing.

¢ The Subtest Menu presents the subtests that can be
selected for each module and option.

3-5
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Table 3-1. Required Equipment

RECOMMENDED

EQUIPMENT MODEL FUNCTION/COMMENTS
DC Calibrator Fluke 343A Used in 1752A subtests only.
Digital Multimeter Fluke 77
5 1/2 Digit Digital Multimeter Fluke 8840 Used in 1752A subtests only.
Dual Trace Oscilloscope Philips PM3065 100 MHz or equiv-

alent
IEEE-488 Interface Cable Fluke Y8021 Connect IEEE-488 ports together.
RS-232-C Null-Modem Fluke Y1705 Connect RS-232-C ports together.
RS-232 Loopback Connector Fluke P/N 732107 Connector for RS-232-C
External Loop Test.
DSI Test Cable Fluke P/N 754648 Test Cable for Option 17XXA-009.
Solar Cell Board Fluke P/N 765206 Used in 1752A-010 subtests only.
Line Sync Transformer Fluke Y1752 Used in 1752A-010 subtests only.
Terminal Block with Cable Fluke Y1750 Used in 1752A subtests only.
Screw Terminal Block Fluke Option 2400A-110 Used in 1752A-011 subtests only.
1722A/1752A System Fluke P/N 718080 See “System Diagnostic Software” head-
Diagnostic Disk ing for instructions on ordering.
IEEE-488 Interface Cable -Fluke Y8021 Connect IEEE-488 ports together.
RS-232-C Null-Modem Fluke Y1705 Connect RS-232-C ports together.
System Diagnostic Disk Fluke P/N 718080 See “System Diagnostic Software” head-
Alignment Tool Fluke P/N 572321 ing for instructions on ordefing.
Gauge Fluke P/N 535864
Jumpers (2) 10-inch, alligator.
5-Inch #2 Phillips Screwdriver
5-Inch Slot Screwdriver
IC Pin Adapters For connecting scope probes.
Logic Probe
NOTE

The following equipment is needed to replace the CRT Assembly or the Touch-Sensitive Overlay.

The menu level diagram is shown in Figure 3-3. 3-8. OPERATION
Use the following procedure to run the System Diagnostic

NOTE

1.
Copy any programs stored in the 1722A

E-Disk onto a floppy disk before loading the

System Diagnostic software. When the System

Diagnostic software is loaded into the 1722A 2.
memory, portions of the E-Disk and program

memory in the 1722A are erased.

3-12

software:

Insert the System Diagnostic disk into the disk drive.
Power up the 1722A, or press the RESTART and
ABORT switches on the front panel simultaneously if
the 1722A is already running.

After the System Diagnostic software is loaded from
the floppy disk, the 1722A display reads as shown in
Figure 34.
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Table 3-1. Required Equipment (cont)

RECOMMENDED

NT
EQUIPME MODEL

‘FUNCTION/COMMENTS

9-Inch Slot Screwdriver

Carbon Resistor

Two clip leads

Safety gloves

Full Face Shield (preferred)
or Safety Goggles

Long-Sleeved Jacket
Work Bench or Table

Soft Pad (foam or quilted)

Plastic Screwdriver

1/4-inch blade, plastic handle at least 3
inches long.

1 kQ, 1/2 watt.

Approximately 5 inches long, with alliga-
tor clips.

Should be large enough to accommodate
the 1722A when laid flat and still leave
enough room on either side to allow work
on the Front Panel assembly.

Approximately 8 x 11 inches (to place the
CRT on).

At least 9-inches long, 1/4-inch tip
approximate. Should be as rigid as possi-
ble to resist twisting during adjustment.

L1 L

1 Yy v
TEST MENU START TEST
F I
vy ) 4
STOP TEST
SUBTEST MENU MENU

Figure 3-3. Menu Level Diagram

3. Touch the START TEST command block on the
display to execute the Standard Test Configuration or

NOTE

select individual tests as described in the paragraphs
below. Selecting an option that is not installed will
result in the error message: Option faulty, missing, or

improperly configured.

The test stops and displays a prompt at any point
where a user response is required. At the end of the
test, the results are displayed on the screen.

Procedure.

3-9. Main Menu

If any problems are encountered while loading
the System Diagnostic software or during the
execution of a test, refer to the Dead Box

The Main Menu has 11 command blocks:

3-13
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Report to Report to START  TEST
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LOOP MODE STOP ON FAILL
Press ABORT to exit
q )
\_ /

Figure 3-4. Main Menu

1. Standard Test Configuration.

The Standard Test Configuration is a set of tests that

has been preselected to test the proper functioning of
standard 1722A system modules. The tests allow
untrained personnel to perform diagnostic testing. 5.
Additional hardware or test cables are not used with

this test configuration. If the 1722A passes the Stan-

dard Test Configuration, the 1722A is fully functional

up to the I/O drivers. The 1/O drivers are tested with
additional subtests and external hardware.

2. Test Config. A, Test Config. B, or Test Config. C.

The purpose of Test Configurations A, B, and C is to 6.
allow the creation of special test configurations. To

create a configuration, select any combination of
module tests and subtests, and store the special con-
figuration if it will be needed again. Instructions on
storing special configurations are given in the descrip-

tions of the Test Menu selections.

3. Test Menu

By pressing the Test Menu command block, the Test
Menu is displayed. From this menu, alternate test
configurations can be defined and stored by the user.

4. Write Last Test Report to Display, SYO:, or Serial Pt.
(Port)

After a test has stopped running, these three command
blocks allow the user to redisplay the test results or
send them to the system device or printer for future
use.

If Write Last Test Report to SYO: is selected, the test
results are stored in the file SYO:REPORT.DAT. If
Write Last Test Report to Seral Pt. is selected, the
test results are sent to serial port KB1: and can be
output to a printer for a hard copy. The default baud
rate set by the start-up command file when the System
Diagnostic software is loaded is 1200 baud. Set your
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printer to this baud rate. See Section 5 of the 1722A
System Guide for more information about RS-232-C
communications and the use of the SET Utility Pro-

gram.
Loop Mode

The LOOP MODE command block performs like a
toggle switch. When it is off (the power-up default),
the test configuration executes one time and then
stops. When LOOP MODE is on, the test configu-
ration continues until the ABORT switch on the
1722A front panel is pressed.

Stop On Fail

The STOP ON FAIL command block performs like a
toggle switch. When the System Diagnostic software
is first loaded, STOP ON FAIL is selected. When
STOP ON FAIL is off, the System Diagnostic
software tests do not stop if a failure occurs.

When STOP ON FAIL is selected, the System Diag-
nostic software halts the test and gives a Stop Test
Menu whenever a failure is encountered. An example
of a Stop Test Menu is shown in Figure 3-5.

Start Test

The START TEST command block begins execution
of the currently selected test configuration. The tests
are executed and any failures are logged.

To begin any of the test configurations, press START
TEST on the 1722A display. As the test runs, the
1722A display is updated at the completion of each
subtest. To return to the Main Menu or to halt any
test, press the ABORT switch on the 1722A front
panel. If all the tests in the chosen configuration are
successful, the display reads “No Failures”. If any of
the tests in the selected configuration are unsuccessful,
three things happen:
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a. The 1722A display indicates the name of the test
in progress at the time of the failure.

b. The errors are stored on the “System Device”.

c. A Stop Test Menu is displayed with an error log
and more operator choices.

CAUTION

Portions of the System Diagnostic
software can write over areas of RAM
used by FDOS. If {CTRL)P is used to
stop the System Diagnostic software,
always reload the operating system by
executing a cold start (press the
RESTART and ABORT push buttons on
the front panel simultaneously).

3-10. Test Menu

The Test Menu lets the user specify which modules are to
be included in a particular test configuration. An example
of a test configuration is the Standard Test Configuration
which includes tests for the SBC, VGK, and floppy disk
drive. If optional modules are installed in the 1722A, they
can also be selected for testing from this menu.

The Test Menu consists of two screens of module/option
selections. The initial screen contains the following
module/option selections:

Single Board Computer

Floppy Disk Drive

Video Graphics Keyboard

RAM Options (-006, -007, -016, -017)

NV RAM Options (-018, -019, -020)
IEEE/RS232 Option (-008)

Analog Measurement Processor (1752A-010) *

e o o ¢ o o o

«  Analog Output (1752A-011) *
e  Counter Totalizer (1752A-012) *

* Not for use with 1722A.
Figure 3-6 shows the initial selection screen.

To select a second screen, first press “Other Options (exit
sd)”, then “Subtest Menu” (appears in lower right of
screen.) The second screen presents the following addi-
tional option selections:

Parallel Interface (-002)

Bubble Memory (-004, -005)
Dual Serial Interface (-009)

Dual Disk Drive (1760A, 1761A)
Winchester Disk (1765A/AB)
Winchester Disk (1765B)

To bring back the initial screen, press “Test Menu” at the
bottom of the second screen.

With any of the module/option selections, the bottom row
of menu selections is replaced with a new set of UNIT
selections. Where multiple options of the same type are
installed, these selections allow the user to select which
option (UNIT) or set of options (UNITS) to test. Figure 3-7
shows the second selection screen with UNIT selections.

The command blocks for both screens of the Test Menu
are described in the following paragraphs.
1. All Off

The All Off command block de-selects all the
modules in the Test Menu that were previously
selected for testing.

2. Store Configuration A, or B, or C

After a test configuration has been selected by lighting
the appropriate display blocks in the Test Menu and

\

f
SBC, Rom checksum
Checksum is S8AR0, Should be Zero
CIIHTINUE
Command —
_ * )
.

Figure 3-5. Stop on Fail Screen

3-16



Maintenance
SYSTEM DIAGNOSTIC SOFTWARE

MU RAM
Options
-0i8/iS/20
Other

Options
{exit SD»

: MAN
ALL OFF | CONFIG. | CONFIG. | CONFIG. | MEMU | gyaRt TEST

Figure 3-6. First Screen of Test Menu

Teat Menu

NU RAM
Options
-018-18/,20

Other
Options
Cexit SD>

Single Board Computer

Figure 3-7. Second Screen of Test Menu

subtest Menus, the test configuration may be stored as From the second screen of the Test Menu the user can

Test Configuration A, B, or C by touching one of
these command blocks. The special configuration is
_ stored on the floppy disk and can be used again by
selecting it from the Main Menu.

Main Menu
‘When the Main Menu command block is selected, the

System Diagnostic software returns to the Main
Menu.

Start Test

When the Start Test command block is touched, the
currently selected test configuration begins to execute.

5. Unit #0, 1, 2, 3, 4

3-16

select the number of units (modules of the same type)
to be included in the testing.

6. Test Menu
Returns the user to the Test Menu screen.

7. Subtest Menu
When the Subtest Menu command block is selected,
the Subtest Menu for the chosen module is displayed.

3-11. Subtest Menus

There is a Subtest Menu for each module listed in the Test
Menu. From the Subtest Menu the user can select specific
tests to be executed for the chosen module. This is useful
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for obtaining more specific information about a module 2.
that has failed. For example, a failure at an RS-232-C port

may be due to a problem on either side of the I/O buffers.

To isolate the problem, there is an Internal Loopback Test,

an External Loopback Test, and a Port-to-Port Loopback

Test, any of which can be selected to exercise a particular
portion of the module circuitry.

For each module subtest, there are 15 toggle-type subtest
selection blocks and five command blocks. An example of
the SBC Subtest Menu is shown in Figure 3-8.

The command blocks in the Subtest Menu operate identi-

cally to the command blocks described above for the Test 3.
Menu. The subtest selection blocks for each of the
modules are described in the following paragraphs.
NOTE 4,
The subtest selection blocks labeled “exit SD”
are stand-alone programs that are loaded into
memory, deleting the System Diagnostic 5
software in the process. They cannot be run in :
LOOP MODE, because they do not return to
SD after the test is completed. To reload the
System Diagnostic software, press the
RESTART and ABORT push buttons simultane-
ously.
3-12. SUBTEST DESCRIPTIONS
3-13. Single-Board Computer (SBC) 6.
The SBC Subtest Menu includes the following tests:
1. Clock

Checks time rollover and storage of all stages of the
real-time clock registers.

ROM Checksum

Generates a checksum for the contents of the BOOT
ROM. The test fails if the checksum is not equal to
zero.

NOTE

The ROM checksum test will not work properly
with Version 1.0 of the 1722A BOOT ROM.
The correct checksum for Version 1.0 is hex
8AAQ.

Non-Destructive Macrostore

Performs a simple read/write test of the Macrostore
memory. The contents of the Macrostore are left intact
at the end of the test.

Non-Destructive RAM

This tests portions of the 1722A memory not pre-
sently being used by the System Diagnostic software.

Address Bus Test

This test uses the same algorithm as the Non-
Destructive RAM test, but covers all of physical
memory on the SBC and on any RAM options that are
installed in the 1722A. Timeout errors are not
reported, so if a RAM option fails to respond (missing
or faulty) it will not be tested. When known good
RAM options are installed in the 1722A, this test will
check out the address and data buffers on the SBC.

Destructive Macrostore

This is a comprehensive memory test including pat-
tern sensitivity. The System Diagnostic software loads
another program from the disk to do this test, deleting
the Operating System and the System Diagnostic
software from the 1722A memory in the process. This

\

Single Board Computer
Rom Non i Non
Clock Checksum Destructive | Destructive
Macrostore RAM
Destructive] Destructive RS232 RS232
Macrostore RAM (exit Internal External
(exit SD) SD) Loop Loop
1EEE 1EEE Port
Internal to Port Dip Switch
Loop SWl Status
SWD MAIN MENU TEST MENU START T
SUBTESTS EsT
C

Figure 3-8. SBC Subtest Menu
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10.

11.

12.

test takes several minutes to complete. At the conclu-
sion of the test, the Operating System and the System
Diagnostic software must be reloaded.

Destructive RAM

This is an intensive memory test requiring approxi-
mately 30 minutes to execute. When the test is over,
the System Diagnostic software mmst be reloaded
because the test deletes the software from memory.

RS-232 Internal Loop

This test sets an internal loopback mode on the UART
(universal asynchronous receiver transmitter) to allow
the 1722A to send and receive data internally. The I/O
buffers to off-board devices are not tested.

RS-232 External Loop

This test uses a special test connector (Fluke P/N
732107) to allow any port to talk to itself. The RS-232
External Loop test tests the buffers and registers of the
RS-232-C port.

RS-232 Port-to-Port Loop

A Null Modem cable (Fluke Model Y1705) is
required to permit two RS-232-C ports to communi-
cate with each other and test the entire communica-
tions interface including the buffers. The Option
17XXA-008 IEEE-488/RS-232-C Interface module
must be installed to run this test. The Null Modem
cable connects the RS-232-C ports on the SBC and
the Option -008 module.

IEEE Internal Loop

The IEEE-488 Internal Loop tests the operation of the
IEEE-488 interface. The buffers to the IEEE-438 bus
are not tested.

IEEE Port-to-Port Loop

The IEEE-488 Port-to-Port Loop Test verifies the
port’s ability to transmit or receive data and drive the
IEEE-488 bus. Use any standard Fluke IEEE-488
cable (Y8021, Y8022, or Y8023). The Option
17XXA-008 IEEE-483/RS-232-C module must be
installed to run this test. The IEEE-488 cable connects
the IEEE-488 ports on the SBC and the Option -008
module. Switch positions 5 and 6 on the SBC must be
in the OFF position and switch positions 5 and 6 on
the Option -008 module must be in the ON position
for the test to complete successfully.

NOTE

This test requires the user to remove the SBC
or Option -008 module from the 1722A chassis
in order to verify proper switch settings. It is
not necessary to run this test unless there are
IEEE-488 bus problems that cannot be identi-
fied using the Standard Test Configuration
supplied with the System Diagnostic software.
If it becomes necessary to run this test, refer to
the Access Procedures later in this section.
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This procedure explains how to remove the
rear panel to gain access to the SBC and
Option -008 module. Also, be sure to return
the SBC and Option -008 to their initial switch
configuration after running the test. For switch
settings, see Figure 2-4 in Section 2.

13. Dip Switch SW1 Status Test

The Dip Switch SW1 Status Test reads the Single
Board Computer switch settings and displays their
status. Switch 5, which sets the System Controller
function, is not tested by the SW1 Status test. Correct
switch settings for the SBC may be found in Section 2
of this manual. For an option’s switch settings, see the
appropriate subsection in Section 6.

3-14. Floppy Disk Drive
The Floppy Disk Drive menu includes the following tests:

1.

Write Protect Switch

This test displays the status of the Write Protect
Switch. Removing or inserting a disk causes the
switch to toggle. The System Diagnostic software
tests to ensure that the switch does toggle. When
testing is complete, touch the screen, and the System
Diagnostic software reports its findings.

Track 0 Sw and Stepper Motor

The read/write head is moved from track 00 to track
39 and back again to test the operation of the track 00
indicator and the stepper motor.

Disk RPM Check/Adjust

A disk must be loaded to perform this subtest. Any
disk will do, because nothing is written or read from
the disk.

In this subtest the disk speed is measured and tested to
ensure that it is within tolerance. The disk speed is
displayed continuously if the System Diagnostic
software is not in the LOOP MODE. When the Sys-
tem Diagnostic software is in the LOOP MODE, the
disk speed is sampled and displayed for about 15
seconds, then the test continues to the next subtest. If
the test results indicate that the disk speed needs to be
adjusted, refer to the heading titled Alignment Proce-
dures.

Format Disk

Formats a floppy disk in standard 1722A (double-
sided) format. The operator will be asked for confir-
mation before proceeding.

Bad Block Scan

Each block on the disk is read and checked for errors.
A total of 1600 blocks are read (two passes over the
disk). The disk is never written on. Use this subtest to
check a disk for bad blocks. If this subtest is used to
check the disk drive itself, a disk with flawless format

is required.
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6. Soft Error Rate

This subtest does an extensive test of the disk drive’s
ability to read a worst case data pattern over many
passes of the disk. A scratch disk with error free
format is required. After writing the worst case data
pattern (hex 6DB6DB...) over the entire disk surface,
the disk is read for 306 passes (over 1 billion bits).
This test takes approximately 3 hours to complete.

The display indicates the progress of the subtest while
the disk is being read, showing the disk pass number,
blocks read, bits read, and the current number of soft
and hard errors. Refer to the heading titled Trouble-
shooting for a description of soft and hard errors.

If the System Diagnostic software is in LOOP MODE,
the total number of disk passes, blocks read, etc., for
all the times the subtest was executed, are also shown
in the display. The display is updated at the end of
each disk pass.

7. Random Block I/O

This subtest tests the floppy disk drive’s worst case
ability to read, write, and seek. It is identical to the
Soft Error Rate test except that the block number is
chosen at random. A seek to the chosen block is
followed by writing the worst case data pattern and
reading it back. The total number of blocks tested is
800. The soft and hard errors are handled the same as
in the Soft Emror Rate Test.

3-15. Video/Graphics/Keyboard Interface (VGK)
The VGK menu includes the following subtests:

1. Alignment pattern

Displays the alignment pattern used for the initial
factory setup of the CRT and permits later checking
for shift of the display.

2. Keyboard

A picture of the keyboard is displayed on the screen.
Each time a key is pressed on the 1722A keyboard,
the corresponding key on the display toggles either on
or off. Follow the instructions to light all the keys on
the display and then touch the screen to continue. The
diagnostic software records an error if a keystroke was
not detected.

3. Touch-Sensitive Overlay

The Touch-Sensitive Overlay (TSO) grid is displayed.
Each square covers exactly one TSO touch pad. Light
each square by touching it. Press each one again to
turn it off. The subtest passes if each touch pad
responds at least twice. If a square does not work, exit
the subtest by pressing the ABORT switch on the
1722A front panel

NOTE

Graphics RAM, Vector Generator, and Char-
acter Antribute RAM tests will not work with
versions of the VGK Firmware prior to Ver-
sion 14.

4. Character RAM

Performs a read/write test of character and attribute
memory and checks for stuck data bits and addressing
errors. The display will be filled with a test pattern
during this test.

5. Graphics RAM

Performs a read/write test of graphics memory and
checks for stuck data bits and addressing errors. The
display will be filled with a test pattern during this
test.

6. Vector Generator

Performs a comprehensive test of the vector generator
by drawing a series of vectors on the screen and
reading back the contents of graphics memory.

7. Display Tests

Provide visual confirmation that the character genera-
tor, character graphics, and character attributes sec-
tions of the VGK are functional. Touching the screen
cycles the test through several displays including
double-size and single-size mode with attributes, stan-
dard and alternate character sets, and single-size and
double-size character graphics. No error reporting is
done, but information on the screen indicates what to
look for.

8. Remote Control

Performs a functional test of the Handheld Remote
Control Unit (RCU) supplied with the 1722A/AP
Instrument Controller. Each LED on the RCU is
turned on in sequence, and then the three push buttons
are tested for continuity. Prompts indicate which RCU
push buttons to use to proceed through the test steps.
A failure is indicated any time an LED does not light
at the appropriate time, or when the test fails to
respond to a button press. Exit the subtest by pressing
the ABORT button on the front panel.

3-16. Option -002, Parallel interface

PIBTST is a program that tests up to three Parallel Inter-
face Modules (Option 17XXA-002). The program per-
forms three separate tests including writing to a port and
reading back from the same port (Readback), writing to
one port and reading back on the other port (Loopback),
and an Interrupt test. When the program runs, the numbers
of the modules under test are displayed across the top of
the screen and the tests that are executing are displayed
down the left side of the screen. In order to pass the
Loopback test, a special test cable (Fluke P/N 632968)
must be connected between the two ports on the module. If
the user does not have a test connector, the Readback and
Interrupt tests may be run individually by touching the
PASS/FAIL block on the screen at the bottom of the
column corresponding to the module under test. At this
point a second menu is displayed. The user may run the
tests individually on either port of the selected module by
touching the screen at the appropriate point.
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3-17. Option -004, -005, Bubble Memory

MBXTST is a program for testing up to three Bubble
Memory Modules (Options 17XXA-004 and 17XXA-005).
The program writes test patterns to the Bubble Memory to
check for bubble collapse errors (a “1” bit turning into a
“0”) and pattern sensitivity problems with the Format-
ter/Sense Amplifier (FSA). Before executing the test, the
program checks to see if there are any files on the bubble
devices MBO: through MB3: and the user is asked to
confirm whether he wants the files deleted. The bubble
devices must be formatted in order for the test to execute
properly. The bubble memories were formatted at the
factory and should not need to be re-formatted unless there
is a problem with the module. Any errors found during the
test will be displayed on the screen and summarized at the
end of the test. If the test will not execute properly try
formatting the bubble memory using the File Utility Pro-
gram (refer to Section 4 of the System Guide).

3-18. RAM Options (-006, -007, -016, -017)
RAM Options include the following:

-006 (256k)
-007 (512k)
016 (1M)
017 2M)

Up to five of the smaller units can be tested at once by
selecting the unit numbers from the Test Menu. Each unit
number corresponds to a specific switch setting as
described in the information supplied with the option and
in Section 6 of this manual.

o o o o

The menu for each RAM option includes the following
tests:

1. Non-Destructive RAM Test

This subtest operates the same as the SBC Non-
Destructive RAM test.

2. Destructive RAM Test

This subtest operates the same as the SBC Destructive
RAM test. The test may take several hours to com-
plete depending on how many memory option
modules are installed.

3-19. Option -008, IEEE-488/RS-232-C

The subtests for the IEEE-488/RS-232-C option operate
the same as the SBC Loop and Switch Status Tests. The
cables described in the discussion of SBC subtests are also
used for the IEEE-488 and RS-232-C port tests for Option
-008. For the IEEE-488 Port-to-Port test, however, switch
position 5 and 6 on the SBC are set to the ON position and
switch positions 5 and 6 on the Option -008 module are set
to the OFF position. Here is a list of the subtests for
Option -008.

1. RS-232-C Internal Loop
2. RS-232-C Extemnal Loop
3. RS-232-C Port-to-Port Loop
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4. IEEE-488 Internal Loop
5. IEEE-488 Port-to-Port Loop

NOTE

This test requires the user to remove the SBC
or Option -008 module from the 1722A chassis
in order to verify proper switch settings. It is
not necessary to run this test unless there are
IEEE-488 bus problems that cannot be identi-
fied using the Standard Test Configuration
supplied with the System Diagnostic software.
If it becomes necessary to run this test, refer to
the Access Procedures in this section. That
discussion explains how to remove the rear
panel to gain access to the SBC and Option
-008 module. Also, be sure to return the SBC
and Option -008 to their initial switch configu-
ration after running the test. For switch set-
tings, see Figure 2-4 in Section 2.

6. Dip Switch SW1 Status

3-20. Option -009, Dual Serial Interface

Diagnostic program SPTEST performs a port-to-port loop-
back test between the two ports on up to three -009
Options installed in the 1722A. 256 characters are trans-
mitted and received on each port. An RS-232 Null Modem
cable (Fluke Model Y1705) must be connected between
the two ports on each -009 Option to test the RS-232
interface. A DSI Test Cable (P/N 754648) is required to
test the RS-422 or 20 mA current loop interfaces. The port
addresses must be set according to the information for the
-009 Option in Section 6 of this manual.

3-21. Option -010, Analog Measurement Processor
(1752A)

Option 1752A-010 is standard equipment with the 1752A.
It is not present in the 1722A.

NOTE

Some of the Analog Measurement Processor
subtests require the Solar Cell Board (P/N
765206) and Line Sync Transformer Accessory
Y1752 (P/N 750687). The Solar Cell Board is
supplied with the 1752A System. If another
line sync transformer is used, its output should
not exceed S5V ac, peak.

Up to four units can be tested at once by selecting the unit
numbers from the Test Menu. Each unit number cor-
responds directly to a board address. (Unit 0 = board
address 0, Unit 1 = address 1, etc.) To change a board’s
address, refer to Section 6 of this manual.

In the Analog Measurement Processor subtests, the lowest
16 channels of each board are referred to as channels 0-15,
and the highest 16 channels are referred to as channels
16-31.
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EEPROM Checksum Test

This test generates a checksum for the contents of the
Analog Measurement Processor’s firmware. The test
fails if the checksum is non-zero.

RAM Test

This test performs a read/write check on the Analog
Measurement Processor’s RAM. The test verifies
proper operation of the board’s bus interface logic and
identifies stuck data bits or board addressing errors.

Calibrate Routine

This routine allows you to calibrate the Analog
Measurement Processor. The routine requires that the
board’s firmware be write-enabled. For calibration
instructions, refer to the -010 Option subsection in
Section 6 of this manual.

Note that the Calibrate Routine halts and waits for
user input. The System Diagnostic Software cannot be
run unattended while in the loop mode if this routine
is chosen.

Phase-Locked Loop Test

This test verifies that the Analog Measurement Pro-
cessor’s phase-locked loop circuitry is operating
properly. The test requires a reference signal from line
sync transformer accessory Y1752 (P/N 750687).
Connect the output of the line sync transformer to the
external sync input (connector J3) on the Analog
Measurement Processor when prompted.

The Phase-Locked Loop Test displays two sync fre-
quencies: a 50/60 Hz Sync Frequency and a 400 Hz
Sync Frequency. If the board is jumpered for 50/60
Hz operation, the 50/60 Hz Sync Frequency should be
approximately 50/60 Hz. If the board is jumpered for
400 Hz operation, the 400 Hz Sync Frequency should
be approximately 400 Hz.

Because you must connect and disconnect the external
sync input during the test, the System Diagnostic
Software cannot be run unattended while in the loop
mode if this test is chosen.

Open Test (chO-15)

This test scans channels 0-15 while their inputs are
open-circuited. The test checks for channel inaccura-
cies caused by gross faults in the channel protection
circuitry.

6. Grounded Test (ch0-15)

This test scans channels 0-15 while the respective
inputs are shorted to the Analog Measurement Proces-
sor’s common reference. The test checks the board’s
A/D circuitry for unusual channel leakage currents
and for voltage offsets.

The Solar Cell Board is required for this test. Connect
the cable from the Solar Cell Board to connector J1
(the right-hand connector) on the Analog Measure-
ment Processor and set the switch on the Solar Cell
Board to L.

Isolation Test (chO-15)

This test scans the 15 legs of an external voltage
divider to verify channel isolation between channels
0-15. The test verifies proper operation of the board’s
multiplexor circuitry.

This test requires the Solar Cell Board, which contains
the 15-leg voltage divider, and a voltage input of 1-5
volts. Connect the cable from the Solar Cell Board to
connector J1 on the Analog Measurement Processor
(the right-hand connector), and set the switch on the
Solar Cell Board to L.

Connect a voltage input of 1-5 volts between the
INPUT and GND terminals on the Solar Cell Board.
The voltage input can be provided by an extemnal
voltage source or by jumpering from the +5 and GND
test points on the VGK. These test points are shown in
Figure 3-9.

CAUTION

To avoid potential damage to the Ana-
log Measurement Processor or the
1752A, the external voltage input must
not exceed 30V.

Open Test (ch16-31)

This test performs the same checks on channels 16-31
as Open Test ch0-15 performs on channels 0-15.

Grounded Test (ch16-31)

This test performs the same checks on channels 16-31
as the Ground Test ch0-15 performs on channels 0-15.
Before running this test, connect.the cable from the
Solar Cell Board to connector J2 (the left-hand con-

VGK BOARD (SLOT 2) —/

]

Figure 3-9. VGK Test Points
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nector) on the Analog Measurement Processor and set
the switch on the Solar Cell Board to L.

10. Isolation Test (ch16-31)

This test performs the same checks on channels 16-31
as Isolation Test chO-15 performs on channels 0-15.
Follow the instructions for that test, connecting the
Solar Cell Board to connector J2 (the right-hand con-
nector) instead of J1.

11. ADTST

ADTST allows the user to easily program and scan
the input channels to the Analog Measurement Proces-
sor while applying an external input. (Refer to the
1752A Data Acquisition and Control Manual, Section
3, for programming information). This test is a menu-
driven program that relies on the touch sensitive
screen for input.

‘While ADTST is running, the program prints 4 menu
buttons along the bottom of the screen. Each button
represents a different function and pressing it will
bring up a different screen. The functions associated
with these buttons are listed below:

bd allows the user to program board parameters
(e.g. synchronization mode).

chan allows the user to program input channel
parameters for the selected board. The screen
also has an input readout for the selected chan-
nel.

scan prints the readings for all 32 input channels of
the selected board. The readings are continu-
ously updated.

exit exits ADTST and reloads the System Diagnos-
tic.

For an example using ADTST, refer to the per-
formance test for the Analog Measurement Processor
option in Section 6 of this manual.

3-22. Analog Output Option -011 (1752A)

Up to four units can be tested at once by selecting the unit
numbers from the Test Menu. Each unit corresponds
directly to a board address. (Unit 0 = board address 0, Unit
1 = board address 1, etc.) To change a board’s address,
refer to Section 6 of this manual.

Several of the Analog Output subtests require that you
loop back (jumper) an output from the Analog Output
board to an input on the Analog Measurement Processor.
When making these connections, refer to Section 6 for
connector pinouts. A screw terminal connector (Option
2400A-110) and terminal block with cable (Accessory
Y1750) are recommended to facilitate these connections.

The loopback tests require that the Analog Measurement
Processor be configured as board address 0.

The Analog Output subtest menu includes the following
tests:
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1. Register R/W Test

This test performs a read/write check on the board’s
registers. The test checks for stuck data bits and for
proper operation of the board’s bus interface logic.

Note that this test will output several voltages (or
currents) from all channels on the Analog Output
Option. You may want to disconnect the boards’
outputs while running this test.

2. Channel 0 Voltage Loopback Test

This test verifies the accuracy of channel 0 when it is
configured as a voltage output. The test requires that
you loop back the + voltage and - voltage outputs
from channel 0 to two input channels on the Analog
Measurement Processor with board address 0. The test
program tells you which channels to use.

3. Channel 1,2,3 Voltage Loopback Tests

These tests perform the same checks on channels 1
through 3 as Channel 0 Voltage Loopback Test per-
forms on channel 0.

4. Channel 0 Current Loopback Test

This test verifies the accuracy of channel 0 when it is
configured as a current output. The test requires that
you loop back the + current and - current outputs from
channel 0 to two input channels on the Analog
Measurement Processor with board address 0. The test
program tells you which channels to use.

5. Channel 1,2,3 Current Loopback Tests

These tests perform the same checks on channels 1
through 3 as Channel 0 Curmrent Loopback Test per-
forms on channel 0.

6. DATST

This test outputs a voltage or current on any channel
selected by the user. DATST is a menu-driven pro-
gram that relies on the Touch-Sensitive screen for
input. For an example of DATST, refer to the per-
formance test for the Analog Output option in Section
6 of this manual.

3-23. Option -012, Counter/Totalizer (1752A)

Up to five umits can be tested at once by selecting unit
numbers from the Test Menu. Each unit number cor-
responds directly to a board address. (Unit 0 = board
address 0, Unit 1 = board address 1, etc.) To change a
board’s address, refer to Section 6 of this manual.

The Counterfl‘otalizer subtest menu includes the following
tests:

1. Counter Chain R/W Test

This test performs a read/write check on the board’s
counter chain while the board is configured as a
Totalizer. The test checks for stuck data bits in the
counter chain and measurement storage registers, as
well as proper operation of the board’s bus interface
logic (e.g. bus buffers, interface timing logic, etc.)
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2. Timebase Selfcheck Test

The Timebase Selfcheck Test verifies that all types of
time measurements can be made by the -012 option.
This test internally loops back the signals comprising
gate times 0-3. It then configures the board to take the
following time measurements on these signals:

* Rising edge to rsing edge

e Falling edge to rising edge using the fast rate
clock

e Falling edge to rising edge using the slow rate
clock

3-24. NVRAM Options (-018, -019, -020)
NVRAM Options include the following:

e -018 (256K)
* -019 (512K)
« -020 (IM)

Up to five NVRAM units can be tested at once by
selecting the proper unit numbers from the unit selection
screen. Each unit number corresponds directly to a board
address (unit O = board address O, unit 1 = board address
1, etc.) Refer to Section 6 of this manual for instructions
on changing a board address.

The NVRAM subtest menu includes the following tests:

1. -018 (256K) Test (Destructive)
2. -019 (512K) Test (Destructive)
3. -020 (1IM) Test (Destructive)

These tests allow you to perform a READ/WRITE test
on a selected size of NVRAM option. Each of these
tests checks the addressing, decoding, and integrity of
the NVRAM ICs. Any data present on the NVRAM is
erased during the test.

If an error is detected in one of the RAM ICs, the
software attempts to report to the user which IC has
failed. Such errors are reported by address, with indi-
cations of both the data written and the data read. For
example, an error response could appear as follows:

— wrote 97FF, read 7FFF — check memory chip
U103
4. Test Al NV RAM (Destructive)

This test performs the same checks (as described
above for individual types of NVRAM) - but on all
types of installed NVRAM options that are detected.
If there are multiple NVRAM units installed, this test
eliminates any need to select each NVRAM option
individually. The unit must be formatted after you
perform this test.
S. Test Low Battery Circuitry

This test verifies the ability of the Low Battery Check
circuitry to detect a discharged memory retention bat-
tery. (The battery is not checked.)

You must have access to the option board to perform
this test. Refer to Section 6 of this manual for access
instructions.

6. Write Protect Switch

This test ensures that the write protect switch and
associated circuitry operates correctly. Refer to Sec-
tion 6 of this manual for the required access proce-
dures to the option.

7. Format

This selection formats the selected NVRAM option.
Any prior data on the NVRAM is erased without
warning.

3-25. Dual Disk Drive 1760/61A

MFXTST tests up to two 1760A or 1761A Disk Drive
Systems. Refer to the Options section in the 1722A Sys-
tem Guide or the information supplied with the 1760A or
1761A for instructions on switch settings and connecting
the unit to the 1722A. The program will check the disk
drive speed and disk detection logic, then seek, format,
write and readback data from a disk installed in each drive.
The program will erase any files on the disk. Refer to the
1760A/1761A Manual for more information.

3-26. Winchester Disk Drives 1765A/AB

WDXTST tests the 1765A/AB Winchester Disk Drive.
The test selections are displayed on the screen and are
selected by touching the desired menu item.

The tests include a self test of the 1765A/AB Winchester
controller board and a verification of all of the blocks on
the disk. If a bad block is found on the disk, that block is
no longer used for storing data and an alternate block is
antomatically assigned.

These selections test the external IEEE Winchester Disk
Drives. The 1765A/AB will test either the Zebec Inc. disk
drive or the MSC disk drive. The 1765B test is intended
for use only with the Bering Inc. disk drive umit.

When executed, both of these tests will present the user
with a small text submenu with the following choices:

e Self test
“Self test” checks the interface and control system of
the disk drive without any tests of the media.

e Verify
“Verify” does a quick read/write test of the media. A
percentage done display indicates how far along the
test is.

o Self test & verify
“Self test & verify” automatically runs both of the
first two tests.

e Quit
“Quit” causes the program to exit. To continue further
testing, you must invoke the SD program again.

3-27. SCSI Interface and Option -440 Hard Disk
Test

The SCSI Interface Test verifies the SCSI interface circuit
pca inside the 1722A/1752A option bay. This test repeat-
edly checks the SCSI control and interface circuitry. A
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PASS FAIL status is displayed as the test program contin-
vally loops through the various test segments. The test
sequence continues until the TSO screen is pressed.

The SCSI Hard Disk Test differs in that the same set of
tests are performed only once. The SCSI Hard Disk Test
then continues on to a quick read test of a sampling of data
blocks on the drive umit. If any error is detected, the
program stops and displays the error. The 1722A/1752A
must then be rebooted to resume additional testing. If no
error is detected, the test program finishes and automati-
cally restarts the SD program for additional testing.

3-28. System Diagnostic Error Messages

When the System Diagnostic software encounters an error
during the execution of a test, an entry is made in an error
log. If STOP ON FAIL has been selected from the Main
Menu, an error message is displayed on the screen. This
message includes the name of the module under test and
the particular subtest being executed when the error
occurred.

Generally, the module under test is at fault whenever an
error occurs. If an error is reported, check that the switch
settings are correct on the module in question (if applica-
ble), then run the test again. If the error condition persists,
replace the module after verifying that it is faulty. (See
Board Isolation Procedure.)

3-29. TROUBLESHOOTING

3-30. Introduction

The following information is intended to aid in trouble-
shooting a standard 1722A or 1752A in the event that the
System Diagnostic software will not load and run, or when
it is mnecessary to troubleshoot to the component level.
Troubleshooting information for 1722A and 1752A
options may be found in Section 6. The information is
presented in three parts: the Dead Box Procedure, the
Board Isolation Procedure, and the Fault Analysis Proce-
dure. The Dead Box Procedure is an aid for trouble-
shooting a dead controller at the module level when the
system will not run the System Diagnostic program. The
Board Isolation and Fault Analysis Procedures require
some dismantling of the 1722A and considerably more
skill than does the Dead Box Procedure. The Board Isola-
tion Procedure should be used when the fault cannot be
isolated by the Dead Box Procedure. The Fault Analysis
Procedure is intended to lead the technician to the compo-
nent or group of components at fault.

Because of the large number of possible combinations of
failure modes and effects, this manual cannot hope to
address all possibilities. However, it does address the most
common problems encountered by factory technicians and
the most common problems associated with high failure

component types.
It is possible to isolate troubles to sections of a faulty

board by using a logical thought process and by checking
signal levels and scope patterns. However, isolating trou-
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bles to the component level can be a demanding and
time-consuming task, particularly on the VGK module. It
is therefore recommended that any defective modules be
remumed to the factory and replaced with functional
modules if at all possible.

If a module cannot be replaced for some reason, and you
wish to attempt to repair it you will need, at a minimum, a
multi-trace O-scope, a digital multimeter, a logic probe
and a quantity of replacement ICs to swap for suspect ICs.
Although some chips are installed in sockets, most are
soldered into the circuit board, so be prepared to unsolder
DIP ICs in order to swap them.

CAUTION

Remember that all the modules manu-
factured by Fluke used in this unit are
multilayer printed circuit boards (pcbs).
Irreparable damage may be done to the
pcbs’ feed-through plating, and conse-
quently to internal layers, unless
extreme care is used when removing
and replacing components.

3-31. General Troubleshooting Tips

3-32. LOGIC TECHNIQUES

Successful troubleshooting of any microcomputer depends
on the ability to watch what the umit is doing and use
deductive reasoning to arrive at a set of probable causes.
This process requires that one carefully analyze how the
hardware and software interact, and how the interaction
differs from the expected sequence.

For example: If the system proceeds only part way through
the self-test process before crashing, one can reason that
something is amiss in the SBC dynamic RAM. Here is a
logical process that leads to this conclusion.

The self-test procedure is part of the boot sequence, which
prints HELLO to the screen as it begins, followed by
SELF TEST IN PROGRESS. When the boot and self-test
routine is finished, it prints LOADING to the screen.

EXAMPLE SYMPTOM:
The SBC Microprocessor starts to boot but does not finish
self-test.

To start booting and print HELLO we know that:

» The Microprocessor fetches the boot and self-test
program from ROM.

e The Microprocessor is a TMS 99105, which requires
DRAM as short term workspace memory.

e The Microprocessor must read/write data and address
memory.

To complete the self-test and print LOADING we know
that:



Maintenance
TROUBLESHOOTING

e  The Microprocessor must have read reliable data from
DRAM as long-term memory.

e DRAM must be refreshed periodically or it quickly
forgets and data become unreliable, although it
sometimes can hold data for several seconds.

THEREFORE:

Since the Microprocessor is able to read short-term data,
stored in DRAM as workspace data, but long-term data is
unreliable or has been lost, we may conclude that the
Microprocessor and support logic, clock, ROM, DRAM,
and read/write hardware are functional but that the refresh
hardware is suspect.

There may be other considerations for this particular
example, but this represents a process that will lead one to
a suspected group of components. Although it is beyond
the scope of this manual to provide logical processes
leading to all subsystems of the 1722A, background infor-
mation is provided detailing what should be expected and
how the hardware and software interact so that a techni-
cian can use this method.

This logic technique is useful for troubleshooting the SBC,
but it is less suited for troubleshooting the VGK because
most VGK operation is transparent except to a technician
with access to equipment usually found only at the factory.
Accordingly, this manual presents a more symptomatic
approach with respect to the VGK.

Because of the complexity of this unit it is doubtful that
random replacement of high-failure components will be a
successful technique, at least initially. However, if one
keeps accurate records of which component failures are
associated with various symptoms, a more intuitive
approach may become successful.

3-33. CIRCUIT ACTIVITY OBSERVATION

Circuit activity can be observed by using a logic probe and
watching the activity on various suspected lines when the
unit is rebooted using the ABORT and RESTART push
buttons. In particular, look for logic levels that you know
to be wrong, such as DCOK being low after power supply
voltages have come up. Most important, look for a floating
logic level at an input or output pin of a suspected
component.

3-34. POOR CONNECTIONS

Poor electrical connections in the plugs and card-edge
connectors are a common source of trouble, and can
produce a wide variety of symptoms. When checking for
signals, check at both the source and destination of the
signal to logically eliminate connectors and cables as
sources of trouble. Card-edge pins and traces should be
cleaned with a non-abrasive device such as a cotton swab
and alcohol.

CAUTION

Do not use a red pencil eraser or other
abrasive devices on gold-plated edge
connectors.

When using card extenders or extension cables, be sure
that the edge-connector fingers line up with the contacts.
Some card extenders allow the contacts to shift, thus
breaking contact.

3-35. Dead Box Procedure

3-36. INTRODUCTION

In order to run the System Diagnostic software, the 1722A
must be able to load and run the operating system and the
System Diagnostic software. The Dead Box Procedure
should be used whenever the 1722A will not load the
operating system or the System Diagnostic. The following
paragraphs provide an analysis for diagnosing problems at
the module level up to the point at which the System
Diagnostic can be run.

The symptoms in the Dead Box Procedure are arranged in
the chronological order that they would appear after
power-up or operator-controlled reset. It is important to
read the entire sequence of indications to arrive at a
probable cause at the module level. Simply searching for a
symptom that matches yours will lead you astray, since it
isn’t possible to list all the symptoms that might occur.

3-37. POWER-UP INDICATIONS

3-38. Normal Operation

When the 1722A is first powered up, the fan on the rear
panel starts up, and two beeps can be heard, one from the
1722A chassis and one from the keyboard, if it is plugged
in.

3-39. Fault Indication

SYMPTOM 1:
No beeps are heard and the fan does not come on.

POSSIBLE CAUSES:
e The cord is not properly installed.

e The line voltage, indicated on the rear panel, does not
match your line power source.

e The line fuse on the back panel is blown.
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