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GENERAL SAFETY SUMMARY

The general safety information in this summary is for operating and servicing personnel.
Specific warnings and cautions can be found throughout the manual where they apply, and
may not appear in this summary.

TERMS IN THIS MANUAL

CAUTION

CAUTION statements identify conditions or practices that could result in
damage to the equipment or other property.

WARNING statements identify conditions or practices that could result in
personal injury or loss of life.

TERMS AS MARKED ON EQUIPMENT

CAUTION indicates a personal injury hazard not immediately accessible as you read the
marking, or a hazard to property including the equipment itself.

WARNING indicates only a personal injury hazard not immediately accessible as you read
the marking.

DANGER indicates a personal injury hazard immediately accessible as you read the marking.

SYMBOLS AS MARKED ON EQUIPMENT

4

DANGER—High voltage.

S
AN

Protective ground (earth) terminal.

ATTENTION—REFER TO MANUAL.
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GROUNDING THE PRODUCT

This product is intended to operate from a power source that does not apply more than 250
volts rms between the supply conductors or between either supply conductor and ground.

WARNING: This product is grounded through the grounding conductor of the power cord. To
avoid electrical shock, plug the power cord into a properly wired receptacle before connecting
it to the product. A protective-ground connection by way of the grounding conductor in the
power cord is essential for safe operation. (I.E.C. Safety Class I)

DANGER ARISING FROM LOSS OF GROUND

Upon loss of the protective-ground connection, all accessible conductive parts (including
knobs and controls that may appear to be insulated) can render an electric shock.

POWER DISCONNECT

The mains disconnection is by means of the power cord or, if provided, an ac power switch.

USE THE PROPER POWER CORD
Use only the power cord and connector specified for your product. Use only a power cord that
is in good condition.

USE THE PROPER FUSE

To avoid fire hazard use only a fuse of the correct type, voltage rating, and current rating.

USE THE PROPER VOLTAGE SETTING

Make sure the line selector is in the proper position for the power source being used.

REMOVE LOOSE OBJECTS

During disassembly or installation procedures, screws or other small objects may fall to the
bottom of the mainframe. To avoid shorting out the power supply, do not power-up the
instrument until such objects have been removed.

DO NOT OPERATE WITHOUT COVERS

To avoid personal injury or damage to the product, do not operate this product with covers or
panels removed.

USE CARE WITH COVERS REMOVED

To avoid personal injury, remove jewelry such as rings, watches, and other metallic objects
before removing the cover. Do not touch exposed connections and components within the
product while the power cord is connected.
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REMOVE FROM OPERATION

If you have reason to believe that the instrument has suffered a component failure, do not
return the instrument to service until the cause of the failure has been determined and

corrected.

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

To avoid explosion, do not operate this product in an explosive atmosphere unless it has been
specifically certified for such operation.
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SERVICE SAFETY SUMMARY

FOR QUALIFIED SERVICE PERSONNEL ONLY
Refer also to the General Safety Summary.

DO NOT SERVICE ALONE.
Do not perform internal service or adjustment of this product unless another person
capable of rendering first aid and resuscitation is present.

USE CARE WHEN SERVICING WITH POWER ON

To avoid personal injury from high current, remove jewelry such as rings, watches,
and other metallic objects before servicing instrument. Do not touch exposed
connections and components while power is on. Disconnect power before soldering,
removing protective panels, or replacing components.

USE CAUTION WHEN SERVICING THE CRT

The CRT assembly should only be replaced by qualified personnel familiar with CRT
servicing procedures and precautions. CRTs retain hazardous voltages for long
periods of time after power-down. Before attempting any work inside the monitor,
discharge the CRT by shorting the anode to chassis ground. When discharging the
CRT, connect the discharge path to ground and then the anode. Use extreme
caution when handling the CRT. Rough handling may cause it to implode. Do not
nick or scratch the glass or subject it to undue pressure during removal or
installation. When handling the CRT, wear safety goggles and heavy gloves for
protection.
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Section 1
GENERAL INFORMATION

ABOUT THIS MANUAL

This manual contains service information for the Tektronix® 671-0058-00, -01 and
-50 MPU boards; hereafter referred to as MPU board. The MPU board is a single-
board host computer that provides central control and memory for a signal analyzing
system. An MPU board is used in a Tektronix signal analyzer mainframe.

The 671-0058-00, 01 and -50 MPU boards are similar in circuitry and in operation.
The differences involve mechanical and connector changes needed to install the
board in the different mainframes. For example, the 671-0058-00 and -01 MPU
boards are installed in the PRISM 3002-Series and the 2511 Mainframes; the 671-
0058-50 MPU board is installed in the PRISM 3001 and 2511 Mainframes.

This manual explains how to verify, service, troubleshoot, and repair the MPU board.
It is written with the assumption that the MPU board is installed in a signal
analyzer mainframe. The following is a brief description of manual contents.

Section 1, General Information, describes related manuals and provides a brief
description of the MPU board and related modules.

Section 2, Specifications, describes the functional characteristics and the
performance requirements (with supplemental information) of the MPU board.
Section 3, Connectors and Cabling, describes electrical connectors and test points

associated with the MPU board. Also provided are illustrations that show the
pin/signal assignments for the microprocessor and each gate array integrated circuit.

Section 4, Theory of Operation, provides descriptions of MPU board circuit
operation.

Section 5, Verification and Adjustments, describes how to verify the performance of
the MPU board and how to perform adjustments.

Section 6, Disassembly / Installation, explains where to locate MPU board
removal/replacement procedures.

Section 7, Maintenance, describes how to perform needed maintenance on the MPU
board.

Section 8, Troubleshooting, describes general troubleshooting procedures and
power-up diagnostics.

Section 9, System Diagnostics Software, describes how to use the diagnostic
software to perform system verification and component-level troubleshooting. Also
provided are detailed descriptions and index troubleshooting information for each
diagnostic routine for the MPU board and related modules.
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General Information

Section 10, Electrical Parts List, lists all the replaceable electrical parts and their
part numbers associated with the MPU board. Parts for modules supported with
separate service manuals are not included.

Section 11, Diagrams, contains block diagrams and schematics for the MPU board.

Section 12, Mechanical Parts List, lists the replaceable mechanical parts and their
part numbers for the MPU board.

Section 13, Signal Descriptions, describes the major functional signals of the MPU
and related modules.

Appendix A, Kernel Test Monitor, describes tests that can be used to perform low-
level troubleshooting of MPU compute kernel circuitry.

RELATED MANUALS

Service information for a signal analyzer system is contained in several different
service manuals. Thus, a service manual package and service kit accessories will
vary depending on the particular mainframe and installed acquisition modules.
Being able to package service information in this manner minimizes the duplication
and aids retrieval of service information. Service information is contained in the
following types of service manuals.

Mainframe Service manuals

These manuals provide service information for the different mainframe mechanical
enclosures and associated chassis-mounted components. Mainframe service manuals
also contain service information for system peripherals; such as, keyboard and
operator console, power supplies, floppy disk drive, hard disk controller and drive,
and display units. Signal interconnect drawings are also provided.

Acquisition Module Service Manuals ,

A mainframe can contain any of several different acquisition modules. Each
acquisition module is supported with its own service manual. Content of these
service manuals is similar to the content of the MPU board service manual.

MPU Board Service Manual

Refer to Manual Contents earlier in this section for detailed contents of this manual.

Test Fixture Service Manuals

Special test fixtures are available to aid low-level servicing of the MPU board and
some signal acquisition boards. Instruction manuals describe how to use and service
this special test equipment.

1-2 671-0058-XX MPU Board Service



General Information

How to Order Manuals

Manuals not shipped as a standard accessory with your product may be ordered
individually or as part of a service kit. Contact your Tektronix Representative for a
complete list of related manuals and service kits for your particular mainframe
configuration.

MPU BOARD GENERAL DESCRIPTION

The following is a brief description of the MPU hardware and operating system. (See
Figure 1-1.)

MPU Board Hardware

The MPU board is a single-board host computer that provides central control and

memory for an instrumentation system. Itis based ona Motorola® 68010
microprocessor, 2 megabytes of RAM, and 32 kilobytes of boot ROM.

The MPU board provides a modified RS-232C port for keyboard communications and
a standard RS-232C port for host communications. It also provides a generic
Tektronix 1200-Series COMM Pack port for RS-232C, GPIB, and printer interfacing.
A 640 x 400, non-interlaced display output provides connection for an external
monitor. An optional 20 megabyte hard disk can also be attached to the MPU for
mass storage.

All modules within a Mainframe system connect to either an MPU board or an
Expansion Mainframe Interface board. Service information for the Expansion
Interface board is located in the 3002-Series and 2511S1 Mainframe Service manual.

Refer to Section 4, Theory, in this manual for detailed descriptions of MPU board
circuit operation.

MPU Board System Software

System software is based on a real-time operating system (pSOS). Its MS-DOS ®
compatible file system is optimized for use in an instrumentation environment. A
full set of general-purpose utilities supports the menu-based user interface. Basic
external communications software provides instrument control and transfer of
binary information. Comprehensive diagnostic software supports both automatic
power-up tests and menu-driven self-tests.

RELATED MODULES

Figure 1-1 illustrates the hardware configuration capabilities of the MPU board. The
modules used in a mainframe depend on the specific 3000- or 2500-Series product
and its optional modules. The following is a brief description of each electrical
module that can be connected to an MPU board. These modules are described in
detail in other service manuals. Refer to Related Manuals earlier in this section for
the type of service manuals available and for ordering information.
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Figure 1-1. MPU board and associated mainframe modules.
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Control Panel (Keyboard)

Whether a keyboard or a control panel is used depends on the mainframe in which
the MPU board is installed. A control panel can consist of software-programmable
function keys, cursor-control keys, a hex key pad, and a select (SEL) control knob.
Some control panels also include a standard QWERTY keyboard. The function keys
are assigned special functions by the operating system or the application software
(depending on which acquisition modules are installed). You can use functions keys
to control data acquisition and display windowing. You can use the knob to make
menu selections. Refer to the applicable mainframe service manual for details
regarding the specific keyboard or control panel used with your mainframe.

Display Unit

The MPU board provides a 640 X 400 pixel, non-interlaced display output to drive
either a color CRT monitor, a monochrome CRT monitor, or a flat-panel display.
Characters are displayed using a programmable character set (8 X 10 cell with full
descenders and underlining). Normal and inverse video are provided. Color
attributes can be specified.

Bit-mapped graphics are supported. Character and graphics data can be displayed
in either one or two windows. The contents of a window are smooth-scrolled, both
vertically and horizontally.

Acquisition Modules

Acquisition modules interface to the MPU board through special interface hardware
and communications protocol (TekLink). Separate, but functionally identical, links
are provided by an MPU board for internal and external acquisition modules.
Internal acquisition modules reside in Mainframe configurations that contain an
MPU board. External acquisition modules reside in Expansion Mainframes and
connect to the MPU board using external TekLink cabling. Service information for
acquisition modules is documented in separate service manuals. See Related
Manuals earlier in this section for the type of service manuals available and for
ordering information.

Floppy Disk Drive

A 3.5 inch, hard-shell disk drive provides storage for the operating system,
diagnostics, applications software, and acquisition data files.

Hard Disk Drive

A 20 megabyte hard disk drive with controller board provides mass storage for
system and application software. (The 3001 and 2511S1 Mainframes do not have a
hard disk). The hard disk drive is supported by a hard disk controller board that
provides interfacing to the MPU board.
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Expansion Module Interface Board

An expansion module interface board occupies the physical space of the MPU board
in an expansion module mainframe. Its purpose is to interface acquisition modules
in an expansion mainframe to an MPU board in another mainframe. This interface
board also daisy-chains TekLink signals between expansion mainframes. Up to four
expansion mainframes (with two acquisition modules each) can be connected to an
MPU board via an Expansion Module Interface board in each expansion mainframe
and by using external TekLink cabling.

Power Supplies

All mainframes contain a power supply. The specific power supply used depends on
the type of mainframe module. The power supply provides +5 VDC and +/-12VDC to
the MPU board and acquisition modules. Power for all other system peripherals is
routed by, and fused on, the MPU board.

Probe Modules and Leadsets

Different probe modules are available for connecting an acquisition module to the
system under test (S.U.T.). The probe module used depends on the physical
requirements of the circuity to be observed or tested. A probe module uses a leadset
to physically connect the probe to the system under test. Again, different leadsets
are available depending on the specific probe and physical requirements of the
system to be observed or tested.
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Section 2
SPECIFICATION

This section lists two types of specifications: (1) those that are classified as
environmental, physical, or "static" specifications (specifications that cannot be
verified by the user); and (2) those that are actual operational parameters
(specifications that are user verifiable). Refer to the Verification and Adjustment
procedures in Section 5 for procedures that verify the performance specifications.

The following terms are used in the specification tables:

Characteristic: A property of the product.

Performance Requirement: The primary performance characteristics of the
product that can be verified using verification procedures.

Supplemental Information: Statements that describe typical performance for
characteristics of secondary importance (those that are not usually verified
using verification procedures), or statements that further explain related
performance requirements.

CHARACTERISTICS/SPECIFICATIONS

The performance characteristics in this section are valid under the following
conditions:

1. The MPU board must be operating in an environment as specified in Table 2-1

in the applicable mainframe service manual.

2. A warm-up period of at least 20 minutes must precede the
verification/operational procedures.

The following tables list the specifications and performance characteristics of the
Mainframes:

2-1 MPU Board Functional Requirements
2-2 MPU Board Performance Requirements

671-0058-XX MPU Board Service
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Table 2-1
MPU FUNCTIONAL REQUIREMENTS
Characteristic Description
CPU 10 MHz Motorola® 68010
RAM 2 MByte
ROM 32K x 16
Battery (Calendar)
Type Lithium BR2325, 3V, 0.15AH
Life 1to 5 years

Clock Calendar Oscillator
Mass Storage

Acquisition Module Support

Communication Support
RS232C Port

Driven Lines

Keyboard Port
TekLink Port
1200-Series COMM Pack Port

Data Path
Address Space

32.7876 kiloHz +0.006%

720 kilobyte (formatted) floppy disk
20 megabyte hard disk (optional)

10 (2 on "Internal TekLink"; 8 on "External
TekLink")

DTE
Asynchronous mode: Half duplex, full duplex

Baud Rates: 50, 75, 110, 134.5, 150, 200,
300, 600, 1200K, 1800K, 4800K, 7200K,
9600K, 19200K

TD, RTS, DTR

Monitored Lines: RD, CTS, DSR, DCD, Rl
19200 Baud, serial data

12.5 MHz, serial data

COMM Packs Supported
1200C01 RS-232C
1200C02 GPIB
1200C11 Parallel Printer

8 or 16 bits (Pack-dependent)
128 kilobytes
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Table 2-1 (cont.)

MPU FUNCTIONAL REQUIREMENTS

Characteristic

Description

Communication Support (Cont.)
Display Port

Display Controller

Viewable Resolution
Scrolling

Data Windows
Cursors

Character Font
Character Matrix
Screen Copying

Clock Calendar
Programmable
TRIG OUT
V-out high, open
V-out high, 50 ohm
V-out low
Pulse Width
TRIG IN
Input Resistance
Input Capacitance
V-input max.

Supports color or monochrome CRT or Flat
Panel Display

Supports EGA Color and monochrome CRTs
and Flat Panel Displays

640 x 400 pixels

Horizontal and vertical smooth scrolling
2

3 per data window

8 x 10 pixels

10 x 16 pixels

Programmable "pixel-based" reading by CPU
permits printing of screen images

Day, Month, Time

50 ohm source impedence
3.8 V min.
1.9V min.
0.6 Vmax. @ 7 mA
20 ns min.

1 Megaohm 1%
37 pF £5 pF
20V
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Table 2-1 (cont)
MPU FUNCTIONAL REQUIREMENTS

Characteristic Description
X1 PROBE and 50 ohm
TERM COAX
Input Threshold 1.4V 100 mV
Min. Pulse Amplitude 1.8 V high; 0.6 V low
Min. Pulse Width 30 ns
X10 PROBE
Input Threshold 1.4V 500 mV
Min. Pulse Amplitude 2.4V high; 0.6 V low
Min. Pulse Width 30 ns
Min. Slew Rate 5 Vius
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Specification

MPU PERFORMANCE REQUIREMENTS

Characteristic

Performance
Requirement

Supplemental
Information

Master Clock

TekLink clocks
M_CLK; M_CLK/

S_CLK

10 MHz +/- 0.01%
accuracy

Frequency

Duty Cycle

Frequency
Duty Cycle

50 MegaHertz +0.1%. Logic
levels: +5 ECL referenced to
TekLink supply

50% +0.1%

12.5 MegaHertz £0.1%
50% +0.1%
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Section 3
CONNECTORS and CABLING

INTRODUCTION

This section shows the signal interconnections for the MPU board. Use this
information to trace signal flow between the various electrical modules. Signal
information is provided by the following:

MPU Board Connector Diagram

Signal Interconnect Diagrams

Gate Array Pin Configuration and Signal Assignments

68010 Microprocessor Pin Configuration and Signal Assignments

Test Points and Test Connectors

A description of each interconnect signal to/from the MPU board is provided in
Section 13, Glossary.

MPU BOARD CONNECTOR DIAGRAM

Figure 3-1 shows the location of each connector on the MPU board, with the board
viewed component side up. Note that the pin-numbering convention is provided for
each connector.

Figure 3-1 illustrates the connector configuration for the 671-0058-00 and -01 MPU
boards. These boards are installed in mainframes in which two acquisition modules
can be installed. These mainframes have an external-mounted display unit. These
MPU boards can be attached to an expansion mainframe using the external TekLink
Interface connector. The Display and External TekLink connectors are shown in
Figure 3-1.

The 671-0058-50 MPU board is installed in a mainframe that has a display mounted
inside the mainframe. This board connects to a single acquisition card inside the
mainframe. The internal display and external acquisition modules connect to the
MPU board via a Connector Adapter board mounted to the back side of the MPU
board. Figure 3-2 shows the connector pin assignments for the Display and TekLink
connectors on the Connector Adapter board.
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Figure 3-1. 671-0058-00/-01 MPU board connectors and pin keying.
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Connectors and Cabling
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Figure 3-2. Connector Adapter board for 671-0058-50 MPU board.

SIGNAL INTERCONNECT DIAGRAMS

Signal interconnect diagrams for each MPU and Mainframe connector are located on
pull-out sheets in Section 10 of the applicable mainframe service manual. These
diagrams show the signals assigned to each connector pin.

NOTE

Refer to the appropriate mainframe service manual for a complete set of
signal interconnect diagrams for your particular instrumentation

system.

GATE ARRAY PIN CONFIGURATION AND SIGNALS

The MPU board contains three gate array integrated circuits; GLUE, Video, and
TekLink. Figures 3-3, 3-4, and 3-5 show pin configuration and signal assignments
for these gate arrays.

Figure 3-1 shows the location of each array on the MPU board and identifies pin 1 of
the array on the component side of the MPU board.
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KAS/ | KUDS/| BERR/| FC2 FCO KA1 KA3 KA4 KA6 KA7 KAS KA14 | KA18 | KA23

M 52 51 50 . 49 48 47 46 45 44 4 4 41 s, |
10

KD1 gnd RES 1PLO/ FC1 KD3 KA2 KAS KA8 | KA10 | KA1 KA16 Vee KA22
2 53 Egs 95 94 a3 92 81 904 89 88 87 86 85

HDTACK/ KRW/ gnd Vee 1PLY/ KDS KD7 KD8 | KD13 | KA13 | KA12 gnd KA19 | KD15
3 54 97 132 131 130 129 128 127 126 125 124 85 38

KLDS/ |10 Mhz | 1PL2/ gnd KA20 | KD12
4 55 984 123 84 37

KD2 KDO KD4 KA15 | KA17 | KA21
5 56 99 122 83 36

BEEP | KD6 KD9 KD11 | XKD10 | KD14
6 57 100 129 82 35

ROM LED |DISACK CAS2 | CAS1 | RASL
7 58 101 120 81 34
CVWS | BUN/ | ALCH/ CAS3 | CAS4a | RASH
8 59{ 102 119 80 gJ

JICOM IC|
PACKRD|PACKWR| gp| LORAO | LORA1 | LORA2
S 60 103 118 79 32
BAUD

PTR3 INTL CLK LORA3 | LORA4 | LORAS
10 61 104 117 78 31
PTR2 | INTH gnd LORA6 | LORA7 | LORAS
11 62 105 116 77 30
PTR1 |40 MHZ| gnd | 10D04 | IODO7 | GBAS GBA1 | RID2 RID5S RID8 Vee gnd | LORA9 | RMRW
12 63 106 107 108 109 110 111 112 113 114 115 76 29

8 Mhz

cLK vee | 10D01 | 10D03 | 10DO6 | GBA2 | GBA10| RID1 RID4 RID7 | RID10 | RID12 gnd RID1S
13 64 65 66 67 68 69 70 71 72 73 74 7 28

LBRW | Lsio | 10000 | 10D02 | 10D05 | STDS |GBA11| RIDO | RID3 | RID6 RIDS | RID11 | RID13 | RID14
14 15 16 17 18 19 20 21 22 23 24 25 26 27

Figure 3-3. GLUE Gate Array pin configuration and signals.
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M11 | M10 | M8 | MRW | RAB | RA11 | RA15 | RAD | RA2 | RA4 | RA6 | RA12 | M6 M3
M _52 S1 S0 49| 48 a7 46| 45! 44 43 42 a1 40}
Mi12 | gnd M9 | RA14 | RA13 | RA9 | RA10 | RA1 | RA3 | RA5 | RA7 | M7 | Vec | M4
2 S3 96 95 94 93 92 91 80 89 88 87 86 85
M14 M13 gnd Vee N.C. N.C. N.C. | NC. N.C. N.C. | N.C. gnd M5 M2
3 54 97 1321 131 130 12| 128 127 126 125 124 85 38
NC. | M5 | TTC gnd M1 MO
4 55 98 123 84 37
N.C. N.C. N.C. N.C. |INTACK|40 Mhz
5 56 99 122 83 36
VIDEO
NC. | NC. | TCC N.C. |BDTACK| NT
6 57 100 121 82 35
N.C. NC. | NC. N.C. | BLDS/ | BUDS/
7 58 101 120 81 34
VGA
KEH | KEL/ | TEE N.C. |SELECT/| BBRW
8 59 102 1 80 33
VSYNC | HSYNC| N.C. N.C. | BBA10 | BBA13
9 60 103 118 79 32
10
SCLK | EN TST1 BBAB | BBA12
RESFT/
10 61 104 117, 78 31
PIX2 | PIX3 | gnd BBA4 | NC. |BBA11
11 62 105 116 77 30
10
pixo | Pix1 | gnd | TsTo | NC. | TVE | NC. |Reser/| N.C. | TCE | VCL | gnd | BBA7 | BBA9
12 63 106 107 108 109 110 11 112 13| 114 115 76 29
N.C. Vee N.C. BD1 BD3 BDS | BD7 BD9 | BD11 | BD13 | BD15 | BBA2 | gnd | BBA6
13 64 65 66 67 68 69 70 n 72 73 74 75 28
BBA14 | BBA15 | BBA16 | BDO BD2 BD4 BD6 BD8 | BD10 | BD12 | BD14 | BBA1 | BBA3 | BBAS
14 15 16 17 18 19 20 21 22 23 24 25 26 27

Figure 3-4. Video Gate Array pin configuration and signals.
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TLGA
voo | Bps/| Boe | R10 | sox | sox |BBRW [ R14 |geecr| R12 | RO | R2 | ond
41

1 48 47 46 45 44 43 42 40 39 38 37

N.C. gnd R4 BD14 | SDX SDX R11 Re SCK |BBA14| Ri5 N.C. R13
2 49 88 87 86 85 84 83 82 81 80| 79| 36

8015 | BD13 | gnd | BD10 | BD11 | sDx | sck | OEL | EvT | R3 | vDD | gnd | R6
3 50 gl 120l 119 118l 117] 1] 11s]  114] 113 78 %

HSX | BD12 | BDS NC. | R7 | VE2
4 51 90 112 77 34
10
HSx | Hsx | BuDS/ VE3 | BBA10|RESET/
5 52 91 111 76 33
HSX | HSX | HsX BBA11 | BBA9 | BBA1
6 53 92 110 75 32
ABRS |BBA13| VE4 ABR10| ABR9 | BBA3
7 54 93 109 74 3
1
VE1 :?,OG BOTACK ABR11| BBA6 | ABR12
8 o5 94 108 73 30
SRT | BD1 | BD2 BBAS | ABR2 | BBA?
9 56 95 107 72 29
BDO | MSI | SDX | eBA12| BBAS | ABR4
10 57 96 106 71 28

BD3 gnd vDD BD7 DIRX VRS EE4 | ABR7 | WEL | ABRS gnd | ABR3 | BBA2

1 58 97 98 99 100 101 102 103 104 105 70 27
Rs | soi | BDs | BD6 | DIRX | ABR6 | EE1 | EE2 | ABRO | BBA4 | N.C. | gnd | RO
12  sof eof 1 62| 63| 64| es| es| e7] es| 69| 26
N
gna | m1 | Bos | omx | omi | €TRG | gyop | EE3 |commt| BTC | ATC | ABR1| VDD
13| 14 15 6 7] 18 ol 20l 21| 22 23] 24l 25

Figure 8-5. TekLink Gate Array pin configuration and signals.
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68010 PROCESSOR PIN CONFIGURATION AND SIGNALS

Figure 3-6 shows the pin configuration and signal assignments for the Motorola®
68010 microprocessor from the back (non-component) side of the MPU board.

NOTE

Most of the 68010 signals can be accessed from the component side of
the board at the GLUE Gate array. Refer to Figure 3-3 for signal
locations on the GLUE gate array.

Pin 1
\ pr—
) ) sileileile)e)[e][e]le)
G36161616/6]0
( A ol 5%0
TOP BOTTOM 1 o' 0O
VIEW VIEW oo
1olo
13 3
L ‘ 3 o[olo
3|G[6]6 0lo
17 5 |
. ) 0/6|6[0[6161010
Pin No. Function Pin. No. Function Pin No. Function Pin No. Function
1 N/C 18 KA9 35 KD1 52 KA12
2 DTACK 18 NC 36 KAS 53 KA15
3 BGACK 20 KA14 37 KLDS 54 KA18
4 BR 21 KA16 38 BG 55 Vee
5 CLK 22 KA17 39 Vee 56 Vsg
6 HALT 23 KA19 40 Vsg 57 A23
7 VMA 24 KA20 41 RES 58 KD14
8 E 25 KA21 42 VPA 59 KD11
9 BERR 26 KA22 43 IPL 60 KD9
10 N/C 27 KD15 44 IPL 61 KD6
11 FC2 28 KD12 45 FC 62 KD3
12 FCO 29 KD10 46 NC 63 KDO
13 KA1 30 KD8 47 KA2 64 uDs
14 KA3 31 KD7 48 KAS 65 RW
15 KA4 32 KDS 49 KA6 66 IPL1
16 KA6 33 KD4 50 KA10 67 KA13
17 KA?7 34 KD2 51 KA11 68 KD13

Figure 3-6. 68010 Processor pin configuration and signals (viewed from component side of
board).
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TEST POINTS AND TEST CONNECTORS

The MPU board has several connectors that can be used for test purposes. These
connectors are typically used for field service and factory repair or troubleshooting.
Figure 3-1 shows the location of the following test points and connectors:

J105--REMOTE RESET. Connecting pins 1 and 2 (via a remote switch
closure) causes a reset of the MPU system (power does not cycle).

J285--SPEAKER OUTPUT/CONTROL. Pin 1is for an external amplifier
and speaker connection. Grounding pin 3 shuts off the board-mounted speaker
circuit. Pin 2 is ground.

J390--DIAG TEST TRIGGER. Provides a high-active TTL trigger signal
each time a system diagnostic test (excluding Kernel Diagnostic tests) is
initiated. Can be used to trigger test equipment.

J460--CAL FREQ. Test point used when verifying or adjusting Calendar
Chip Oscillator.

J505--REMOTE OFF. Pin 1 can be used as either a test point to monitor pin
5 of the power control integrated circuit (U205), or it can be grounded to
provide a remote power-down cycle. Pin 2 is ground.

J560--NMI SWITCH. Used for low-level diagnostics of compute kernel
circuitry. Pin 1 is normally connected by a wire jumper to pin 2, GND. When
the jumper is removed, a terminal can access the Kernel Test Monitor via one
of the RS-232C ports. (If an RS-232C COMM Pack is installed, the Kernel
Test Monitor uses the COMM Pack port; otherwise, it uses the RS-232C host
port.)
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Section 4
THEORY OF OPERATION

INTRODUCTION

This section describes the electrical operation of the 671-0058-XX MPU boards. The
discussion goes from the general to the specific. Differences between the boards are
provided, as needed, throughout the following descriptions. Functionally, these
boards are the same. The differences are related primarily to the Display and
TekLink connectors. These descriptions, together with the troubleshooting and
diagnostic sections enable a technician to isolate a problem to the faulty component.

NOTE

Refer to Section 3 for a detailed description of the Display and TekLink
connectors. The Diagrams Section (Section 11) contains separate
component location drawings for different versions of the MPU board.
The MPU circuit schematics also show the electrical differences.

This section serves two primary purposes:

1. Provides an excellent source of information by which to teach product theory to
service technicians.

9. Serves as an information source when performing component-level repair.

This section contains the following:

» Logic Conventions describe how logic functions are performed and represented
in this manual.

« MPU System Overview describes the major electrical modules that can be
associated with an MPU board.

e MPU Detailed Descriptions provide detailed explanations of MPU circuit
theory.

LOGIC CONVENTIONS

Digital logic techniques are used to perform logic functions within the MPU circuits.
The functions and operations of the logic circuits are represented by standard logic
symbols and terms. Logic functions are described using the positive logic convention:
the more positive of two levels is the true, or 1 state; the more negative level is the
false, or O state.
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In Logic descriptions, the more positive of the two logic voltages is referred to as
high; the more negative state is referred to as low.

NOTE

The specific voltages that constitute a ﬂigh or low state vary between
different electronic devices (ECL, CMOS, and TTL logic).

Active-low signals are indicated by either an L, a slash (/) or a tilde (~) following the
signal name. Signal names without indicators are considered to be either active-high
or to have both active-high and active-low states. Some active-high signals are
indicated by an H following the signal name.

MPU SYSTEM OVERVIEW

Figure 4-1 shows the major functional circuits on the MPU board. The information
that follows describes the basic operation of each functional circuit. (Section 1
provides an overview of the functional modules associated with an MPU board.
Specific information regarding functional modules is provided in separate service
manuals.)

General

The MPU is a single-board host computer that provides central control and memory
for a mainframe system. It is based on a Motorola® 68010 microprocessor, 2
megabytes of RAM, and 32kilobytes of boot ROM. Much of the MPU electronics is
contained in three gate arrays that perform:

¢ MPU support functions--GLUE gate array
* Display control and interface functions--Video gate array
e Acquisition module communication support functions--TekLink gate array

The MPU provides a standard RS-232C port for keyboard (or console) and host
communications. It also provides a generic Tektronix 1200-Series COMM Pack port
for RS-232C, GPIB, and printer interfacing. A 640 x 400, non-interlaced display
output from the video gate array provides connection for an external monitor. A 3.5
inch floppy disk drive functions as the standard system disk. An optional 20
megabyte hard disk drive can also be attached to the MPU board for mass storage.

System software is based on a realtime operating system (pSOS). Its MS-DOS ®
compatible file system has been specially modified for the instrumentation
environment. A full set of general purpose utilities supports a menu-based user
interface. Basic external communications software provides system control and
transfer of binary information.
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Figure 4-1. MPU board block diagram.
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Compute Kernel

The Compute Kernel consists of circuits critical to the boot process. It includes the
68010 processor, RAM, ROM, GLUE gate array, interrupt control, DTACK control,
clock (calendar), and other components.

Floppy Disk Interface

The primary interface component of the floppy disk interface is a Western Digital®
1770 Flexible Disk Controller/Formatter chip. All floppy disk data communication to
and from the MPU circuitry is via the IOD[00:07] bi-directional data bus, and
associated control lines. Addressing is via selected bits of the GLUE address bus.

A 720 kilobyte (formatted) floppy disk drive provides storage of the operating system,
diagnostics, applications software, and acquisition data files. The drive uses 3.5
inch, hard-shell floppy disks.

Hard Disk Interface

Data transfer between the MPU board and the 20 megabyte hard disk is managed by
a Hard Disk Controller circuit board. The MPU board contains tri-state
buffer/drivers for interfacing and isolating its address and data buses from the Hard
Disk Controller board. Refer to the applicable mainframe service manual for a
description of the Hard Disk Controller board circuitry.

Keyboard/Host DUART

The keyboard (or console) and RS-232C host use a Signetics® 2681 DUART (and
other GLUE logic) to interface with the MPU. The 2681 is a two-channel chip;
channel A is the keyboard interface and channel B is the host interface. Both
channels are full-duplex asynchronous. The DUART contains a 7-line input port and
an 8-bit data output port. The chip accepts a baud clock from the GLUE gate array.
The chip provides interrupt control and operational control for the read, write, and
address decoding functions. Address decoding (inside the 2681) is done using the
GLUE bus address bits GBA[1:2] and the buffered address bits 3 and 4.

COMM Pack Interface
The COMM Pack interface circuits interface between the MPU address and data
buses and Tektronix 1200-series communication packs.

Communication packs provide a customized communications link between the MPU
and an external device or controller. COMM Packs are available for RS-232C, GPIB,
and 8-bit parallel printer protocols.

COMM Packs plug into a connector mounted directly on the MPU board. The MPU
manages all COMM Pack communications.
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Display Controller

The MPU board, via the Video gate array, provides a 640 x 400 pixel, non-interlaced
display output to drive a display monitor. It can drive a color CRT, a monochrome
CRT, or a flat panel display.

Characters are displayed using a programmable character set (8 x 10 cell with full
descenders and underlining). Normal and inverse video is provided. Color attributes
can be specified.

The Video gate array supports bit-mapped graphics. Character and graphics data
can be displayed in either one or two windows; contents of a window are smooth-
scrolled, both vertically and horizontally, at a rate of 50 lines per second.

TekLink Interface
Acquisition modules interface to the MPU by using TekLink, a high-speed serial data
interface.

TekLink consists of a 26-pin bus used for serial data transfer between the MPU
board and acquisition modules, and for synchronizing events between acquisition
modules. TekLink identifies acquisition modules as being internal or external to a
mainframe system. TekLink protocol facilitates system configuration, acquisition
module setup, runtime control, and data read-back for any connected internal and
external modules.

Service information for each Tektronix acquisition module is provided in acquisition
module service manuals.

Power Supply Control
The MPU receives +5 VDC and +/- 12 VDC from a mainframe power supply.

The MPU board has circuitry that functions as an electronic power switch to control
the on/off state of the power supply. When a mainframe's front panel STBY/ON
switch is pressed ON, this circuitry causes the power supply to start delivering
power to the MPU board and any connected acquisition modules within the
mainframe.

This circuitry also controls the power-down process, providing power-down delay
(which can be software-controlled to extend the power-down delay). Power will also
be shut down in the event of a power supply failure or an "excess temperature”
condition on an attached acquisition module.

671-0058-XX MPU Board Service 4-5



Theory of Opcration

MPU BOARD DETAILED DESCRIPTIONS

Introduction

The rest of this section provides detailed functional descriptions of the MPU board
electronic components. Information is presented in the following order:

e How to Use the MPU Circuit Descriptions

» Using the Detailed MPU Board Block Diagram and Schematics
¢ 68010 Processor

e MPU Bus Architecture

¢ Power Control Descriptions

¢ Compute Kernel Description

¢ Floppy Disk Interface Description

¢ Hard Disk Interface Description

¢ Video Controller Description

e RS-232

e RS-232C (Keyboard and Host) Interface Description
¢ Communications Pack Interface Description

e TekLink Interface Description

How to Use the MPU Circuit Descriptions

These descriptions are presented in a manner that supports efficient troubleshooting
of MPU hardware failures. Information is grouped in much the same manner as the
MPU's System Diagnostics Software. For example:.

Assume that you have a problem with the video controller circuit. Your first action
should be to exercise the series of video diagnostic tests (both the video and display
area tests). You would then note the pass/fail status of each test routine and the
index information for any failed tests. At this point you should read the detailed
troubleshooting information for the index numbers provided as part of the diagnostic
test description. If you need additional troubleshooting information regarding the
failed circuit, you can then reference the video controller circuit descriptions
provided in this section.
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Using the Detailed MPU Board Block Diagram and Schematics

A detailed block diagram of the MPU board circuits is located in the Section 11,
Diagrams. That diagram shows the signal connections between each functional
block of circuitry. Schematic reference numbers are located within each circuit block.
Those numbers indicate the schematic diagrams where the detailed circuitry
associated with a particular function is located. Refer to the block diagram and/or
schematics as you read the following functional circuit descriptions.

68010 Processor

The following description provides a functional overview of each 68010 signal,
describing how the signal is used by the MPU electronics. (Refer to a Motorola®
68000 data sheet for details regarding 68010 microprocessor operation.)

Figure 4-2 shows the signals associated with the 68010 microprocessor. Signals are
categorized as:

¢ Bus address and data lines

e Bus control signals

¢ System control input signals

Address Bus KA[1-23]
Vce
GND (2)
CLK ’ MC68010 KD[00-15]

———— > Microprocessor

FCO
Processor J FC1 Bus
Stat ?——
T Fez Control
]
gPU RESET IPLO
Syste ——
sztr:: ‘HALT/ IPL1 Interrupt
‘lFL_Z_—— Control
——

Figure 4-2. 68010 input and output signals.
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The following paragraphs provide a brief description of each signal. Refer back to
Figure 3-6 for an illustration that shows the 68010 pin signal assignments.

NOTE

Microprocessor data and address lines, and some control signals, are
identified by the letter "K." The letter "K" differentiates these signals
from their buffered counterparts. These "K" lines are critical to CPU
operation and must be functional for any diagnostic software to execute.

Bus Address and Data Lines
Data and address lines consist of the following:

KA[1:23]. A 23-bit, one-direction three-state address bus that carries the device
address bits for bus operations, except for CPU space cycles.

KD[00:I5]. This 16-bit, bi-directional, three-state data bus is the general purpose
data path. It can transmit and receive data in either word format (8-bit) or byte
format (16-bit) .

Bus Control Signals ]
Data is transferred asynchronously using the following control signals:

KAS/. This signal indicates that there is a valid address on the address bus.

KRW. This signal defines the data bus transfer as a read or write cycle. The R/'W
signal also works in conjunction with the data strobes KUDS/ and KLDS/.

KUDS/. This signal controls the flow of data on the data bus as shown in Table 4-1.
When KRW is high, the microprocessor reads from the data bus, as indicated.

KLDS/. This signal controls the flow of data on the data bus as shown in Table 4-1.
When KRW is low, the microprocessor writes to the data bus, as indicated.
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Table 4-1
DATA STROBE CONTROL OF DATA BUS
KUDS/ KLDS/ KRW D[8:15] D[0:7]

1 1 - No valid data No valid data

0 0 1 Valid data bits 8-15 Valid data bits 0-7
1 0 1 No valid data Valid data bits 0-7
0 1 1 Valid data bits 8-15 No valid data

0 0 0 Valid data bits 8-15 Valid data bits 0-7
1 0 0 Valid data bits 0-7 Valid data bits 0-7
1 1 0 Valid data bits 8-15 Valid data bits 8-15

DTACK (data transfer acknowledge). This input indicates that the data transfer is
completed. When the processor recognizes DTACK during a read cycle, data is
latched one clock cycle later and the bus cycle terminated. When DTACK is
recognized during a write cycle, the bus cycle is terminated.

IPLO/, IPL1/, and IPL2 (interrupt control). These input pins indicate the encoded
priority level of the device requesting an interrupt. Level 7 is the highest priority
while level 0 indicates that no interrupts are requested. Level 7 cannot be masked.
The least significant bit is IPL0O/ and the most significant bit is IPL2/. These lines
must remain stable until the processor signals interrupt acknowledge [FC0:2] are all
high and [A16:19] are all high to insure that the interrupt is recognized.

System Control Inputs

System control signals either reset or halt the processor and indicate to the
microprocessor that bus errors have occurred. The three system control inputs are
explained in the following paragraphs.

BERR (bus error). This input informs the processor that there is a problem with the
cycle currently being executed. Problems may be a result of:

e non-responding devices

* interrupt-vector number-acquisition failure

RESETY/ (reset). This bi-directional signal line resets (starts a system initialization
sequence) the microprocessor in response to an external reset signal. An internally
generated reset (result of a reset instruction) causes all external devices to be reset.
The internal state of the microprocessor is not affected. A total system reset
(microprocessor and external devices) results when external HALT/ and RESET/
signals are applied at the same time. .
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HALTY/ (halt). When this bi-directional line is driven by an external device, it causes
the processor to stop at the completion of the current bus cycle. When the processor
has been halted using this input, all control signals are inactive and all three-state
lines are set to their high-impedance state (refer to Table 4-2).

When the microprocessor has stopped executing instructions due to a double bus
fault condition, the HALTY line is driven by the microprocessor to indicate to external
devices that the microprocessor has stopped.

FCO, FC1, and FC2 (processor status). These function code outputs indicate the
state (user or supervisor) and the address space currently being accessed, as shown
in Table 4-2. The information indicated by the function code outputs is valid
whenever address strobe KAS/ is active.

Table 4-2

ADDRESS SPACE SELECTION
FC2 FC1 FCO Cycle Type
Low Low Low (Undefined, Reserved)
Low Low High User Data
Low High Low _ User Program
Low High High (Undefined, Reserved)
High Low Low (Undefined, Reserved)
High Low High Supervisor Data
High High Low Supervisor Program
High High High Interrupt Acknowledge

CLK (clock). A 10 MHz clock is input to the processor from the GLUE gate array.
CLK is a TTL-compatible signal that is internally buffered for the development of the
internal clocks needed by the microprocessor.
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MPU Bus Architecture and Block Diagram

Figure 4-3 shows the bus architecture of the MPU board. The 68010 transfers data
using separate parallel buses for address and data, KA[01:23] and KD[00:15],
respectively. As shown, the address and data buses connect directly to EPROM,
LED registers, GLUE gate array, and kernel address and data buffers. The kernel
address and data buses are indirectly connected to the COMM Pack, Hard Disk
Controller board, Video gate array, and TekLink gate array via the kernel address
and data buffers. Buffered address bits 3 and 4 also connect to the real-time clock
and to the DUART circuitry.

The GLUE gate array uses three distinct address and data buses for data transfer
between connected circuitry:

e KA[01:16] and KD[00:15] for data transfer to/from the 68010 and to/from the
COMM Pack, hard disk, and other circuits, via kernel address and kernel data
buffers.

e RA[0:9] and RID[0:15] for data transfer to and from the system DRAM.

e GBA[1:2] and IOD[00:07] for data transfer to and from the real-time clock,
DUART (keyboard and Host), and flexible disk.
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Figure 4-3. MPU bus architecture diagram.
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Power Control Description

Introduction

The MPU board has circuitry that functions as an electronic power switch to control
the on/off state of the power supply. When the front-panel STBY/ON switch is
pressed ON, this circuitry causes the power supply to "turn on.”" As the power
supply turns on, the +5 V supply line is sensed, keeping MPU reset signals active
until the +5 V reaches its nominal voltage level. This ensures that the MPU logic is
set to a known condition when the +5 V reaches nominal level. When the power-up
circuits deactivate the reset line, the compute kernel initiates the power-up boot
sequence.

Details of power-up and power-down operations are as follows. Refer to MPU Board
Schematic 12 and the MPU Board Detailed Block Diagram when rcading the
following.

Power-Up

When the Mainframe ON/STBY switch is pressed ON, pin 6 of U205 is grounded,
causing U205 to ground pin 10, the REMOTE ON/OFF signal line. A ground
potential on REMOTE ON/OFF causes the power supply to turn on. As the +5 A%
supply comes up, a silicon-controlled rectifier (within the CA3096) turns on,
clamping pin 10 of U205 to ground, thus maintaining the power-on condition.

During power-up, the +5 V supply is sensed by U211, which keeps its RSET and
RSET/ outputs active (high and low, respectively) as long as the +5V supply has not
roached its nominal voltage. The RSET signals activate the processor reset lines:
CPURESET/, RESETLED, IO.RECET, and IORESET/. These lines effectively hold
the 68010 processor and other MPU circuits in a recet condition.

When the +5 V supply has reache 1its nominal voltage, U211 initiates an internal
time delay, holding its RSET lines active. This delay ensures that the MPU has
reset. This delay is set by C210. Once C210 is charged, U211 returns the RSET and
RSET/ lines to their inactive states.
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Power-Down
Power-down is controlled as follows:

1. User switches the Mainframe STBY/ON switch from ON to STBY.

2. User applies a remote power-off signal, or an acquisition module grounds the
THERM signal line.

3. Software uses the software-controlled power-down delay feature.

Using STBY/ON Switch. When the ON/STBY switch is set to STBY, KILLPOWER
is grounded via pin 1 of J160. This causes an interrupt into the microprocessor,
warning the system that a power shutdown is pending. The power supply "turns off"
as follows:

When pin 1 of J160 is grounded, Q511 turns off. C500 begins to charge up.
Transistors Q511, Q510, Q505, and capacitor C500 then begin to function as a
shutdown delay circuit. (During power-up, KILLPOWER is at +5 V potential,
causing Q511 to turn on, discharging C500. This keeps the Darlington pair, Q510
and Q505, off. This maintains a high potential at pin 12 of U205.) After about 2
seconds, C500 is fully charged at about 1.2 V, turning the Darlington pair on. (The
power-down delay provided by C500 allows the MPU system software time to save
any applications that may be running before power is shutdown. Refer to Software
Controlled Power-Down Delay later is this section for additional information.)

When C500 is fully charged, causing the Darlington pair to turn on, ground potential
is placed at pins 12 and 5 of U205. The high REMOTE ON/OFF signal shuts down

the power supply.

Remote Shut-down. The power supply can shut down from either an active low
THERMAL signal or by grounding pin 1 of J505 (J505 is used for connecting a
remote on/off test switch).

Thermal Signal Shut-down. Any acquisition modules connected to the MPU board
via the TekLink interface must provide thermal protection. If an acquisition module
experiences a thermal condition, it pulls the THERMAL signal line to ground
potential. The THERMAL line can be grounded by internal acquisition modules (via
J810 pin 10) or external acquisition modules (via J910 pin 10). A high temperature
condition places ground potential at pins 12 and 5 of U205, thus shutting down the
power supply via a high-level REMOTE ON/OFF signal.
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Remote ON/OFF Test Switch. A remote on/off switch can be connected to J505 on
the MPU board. A ground potential at pin 1 of J505 causes J204 to set REMOTE
ON/OFTF high, thus shutting down the power supply.

- CAUTION

A power-down caused by either a grounded THERMAL signal on J505
pin 1 bypasses the power down delay feature. Only the HALT/ signal
is activated to halt the microprocessor after the current bus cycle is
completed. Consequently, set-ups and other important applications
data could be lost.

Software Controlled Power-Down Delay. In some circumstances, an application
may require more than the two-second power-down delay set by C500. When
needed, the power down cycle can be delayed by software control in the following
manner:

A grounded KILLPOWER line (caused by applying ground potential at J160, pin 1)
causes an interrupt, signalling the processor that a power-down cycle is in progress.
The processor checks the interrupt source, determines that a power-down cycle is in
process, then determines if power-down should be delayed until current operations
are completed (to save set-ups, etc). To delay the power-down cycle, the kernel
circuitry addresses and strobes U438, using KA23. The resultant strobe action at
the base of Q510 prevents C500 from charging. When the microprocessor is ready for
shutdown, it stops strobing U438, allowing C500 to charge and the power supply
shuts down as previously described.
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Compute Kernel Circuit Descriptions

Introduction

The compute kernel consists of circuits critical to the boot process. The following
provides a general description of the boot process and power-up diagnostics. This is
followed by detailed descriptions of each compute kernel circuit.

Boot Process--General Description

Refer to the MPU Board Detailed Block diagram in the Diagrams section when
reading the following.

When the MPU is reset following a power-on condition, the 68010 causes the GLUE
gate array to enable the ROM. The 68010 addresses specific ROM locations for an
initial command sequence. The boot ROM contains instructions that direct the
processor to run power-up diagnostics. Following the successful completion of ROM-
based power-up diagnostics, boot code loads the operating system from system disk
and prepares the system for normal operation.

If an error is detected when performing an automatic power-up diagnostic test, the
boot process is halted and the diagnostics attempts to display an error message in
two ways:

1. By writing to the display unit, and

2. By displaying an error code on a set of diagnostic LEDs (these LEDs are
mounted on the MPU board).

The error message indicates the point in the power-up process where the failure
occurred. The test that fails continually loops at the point of failure, enabling the
technician "probe and test" to locate the defective part.

NOTE

Under certain circumstances, the message sent to the display monitor
will not appear. For example, the message doesn’t appear if the display
monitor fails or if activating the display monitor could crash the
system.

Refer to Section 8, Troubleshooting and Section 9, System Diagnostic Software for
additional details on power-up sequencing and diagnostic tests, respectively.
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Circuit Description
The compute kernel consists of the following circuits.

e Master clock

* 68010 processor

e GLUE gate array

¢ Diagnostic LEDS

¢ Read only memory (EPROM)

¢ Random access memory (DRAM)

e 68010 data and address bus buffers
e Bus control signal buffers

¢ Interrupt multiplexer

¢ DTACK control

e Calendar (real-time clock)

Each circuit is described in detail in the following material. Refer to the MPU Board

Detailed Block Diagram in the Diagrams section when reading the following
descriptions.

Master Clock. YG610 (Schematic 5) provides a 40 MHz clock signal to the GLUE
gate array. The GLUE gate array divides the clock into several clock frequencies as
follows:

e 10 MHz. Used as master clock for 68010 microprocessor.
e 8 MHz. Used as master clock for flexible disk controller/formatter.
e BAUD CLK. Used as baud-rate clock for keyboard and host communications.

68010 Processor. The basic functions of the 68010 have been described earlier in
this section. Refer to 68010 Signal Descriptions for detailed description of signals.
Refer to the Motorola® 68000 data book for additional details regarding 68010
operations.
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Glue Gate Array. The GLUE gate array, U518, supports the 68010 microprocessor
as it interacts with the rest of the system. Primarily, it provides the following:

* Microprocessor support circuitry such as (1) address decoding and interrupt vector
generation, (2) bus error (BERR) detection and memory management, and (3)

system clocking
¢ DRAM control

e Address decoding for the Hard Disk Controller board.

¢ COMM Pack port support logic

¢ Audio tone generator

¢ DMA between DRAM and floppy-disk drive

GLUE Normal Use Registers. Table 4-3 shows a listing of the GLUE normal use
registers and their addresses. The following text explains them in greater detail.

Table 4-3
GLUE GATE ARRAY NORMAL USE REGISTER ADDRESSES

Register Function/Name Address Access Read/Write
DMA command latch 85F170 Supervisor Read/Write
DMA target address counter 85F172 Supervisor Read/Write

(high byte)
DMA target address counter 85F174 Supervisor Read/Write

(low word)
DMA limit counter 85F176 Supervisor Read/Write
DMA temporary data storage 85F178 Supervisor Read/Write

register :
Beeper control latch 85F17A Supervisor Read/Write
Interrupt inhibit mask latch 85F17C Supervisor Read/Write
Interrupt request status register 85F17E Supervisor Read Only

The following is a brief description of each normal use register.

4-18
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DMA Command Latch This 4-bit read/write register uses bits 0 and 1 for DMA
control. Bits 2 and 3 are used to protect the "zero-page” of RAM from writes by
the user space code. Bit functions are as follows:

Table 4-4
GLUE COMMAND LATCH BIT FUNCTIONS

Bit No. Condition

3|12 |1 0

X X X 0 Move data to floppy disk

X X X 1 Move data from floppy
disk

X X 0 X Disable DMA
operations

Enable DMA operations
64K protected RAM
32K protected RAM
128K protected RAM
256K protected RAM

a4 200X
4 0 20X
X X X X =
X X X X X

DMA Target Address Counter This is a 24-bit counter/register occupying address
locations 85F172-85F174. When a DMA operation is initiated, this register is
loaded with the RAM starting address from which data will be obtained to
write to the floppy disk. At the beginning of a floppy read operation, this
register will contain N-2, where N is the RAM address to where data from the
floppy will be first written.

DMA Limit Counter When a DMA operation is initiated, this 16-bit register is
loaded with the value OXFFFF-N where N is the number of bytes to be moved
to or from the floppy disk. DMA will halt when the value of OXFFFF is in this
register. A power failure interrupt is a special situation that will halt DMA
when bits 0-8 are all ones. This stops DMA at the completion of a disk sector

read/write operation.

DMA Temporary Data Storage Register This 16-bit register can be thought of as
an interface between RAM and the floppy disk controller. RAM reads/writes
16 bits at a time whereas the floppy controller reads/writes 8 bits (one byte) at
a time. When data is transferred from RAM to floppy disk, the entire 16-bit
word is first loaded into this register, then it is loaded one byte at a time into
the floppy controller. When a disk is read, the floppy controller loads one byte
at a time into this register. After two bytes are loaded, the register writes the
contents into RAM.
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Beeper Control Latch This 16-bit register controls three functions: Beeper period
value (frequency), beeper volume, and the delayed-OFF feature.

Bits 0-11 control beeper period value. The actual period = period value x
2.7125 microseconds. Frequency = 1/period; therefore, the inverse of these
bits controls the frequency.

Bit 12 controls the ON/Delayed-OFF feature. Delayed-OFF provides a 0.7
second delay when bit 12 is high.

Volume is controlled by bits 13-15. See Table 4-5 for volume values.

Table 4-5
PROGRAMMABLE VOLUME VALUES
Volume Bits Volume/Duty Cycle
13 | 14 | 15
0 0 0 100%
0 0 1 50%
1 0 1 25%
0 1 1 12.5%
1 1 1 6.25%
1 X 0 0%

A volume/duty cycle of 25% is considered normal volume. A 100% duty cycle
should be loud enough to annoy anyone within 15 feet of the instrument.

NOTE
When the MPU powers-up, the volume /duty cycle is set at 0%.
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Interrupt Inhibit Mask Latch This 16-bit register permits masking of any
interrupt source with one mask bit per source. Table 4-6 lists the bit

designations.

Table 4-6

INTERRUPT INHIBIT BIT DESIGNATIONS

Bit

Interrupt Source

o

OCONOOHLWN =

Keyboard transmit
(lowest priority)
Keyboard receive

Low battery

Hard disk

2681 IRQ

1240/1260 COMM-Pack
RS232 transmit

RS232 receive

Display

TekLink

Floppy IRQ

Clock tick

Kill power (from STBY/ON
switch)

Floppy DRQ

NMI button

Power failure

(highest priority)

671-0058-XX MPU Board Service

4-21



Theory of Operation

Interrupt Request Status Register This 16-bit register simply indicates the
status of the previously mentioned interrupts. It is read-access only. The bit
designations are identical to those of the interrupt inhibit mask latch (see
Table 4-6). A bit value of 1 indicates a pending interrupt while a bit value of 0
is an inactive interrupt.

GLUE 1/0 Address Windows. Table 4-7 defines the GLUE I/O address window
assignment and is followed by a detailed description of each listing.

Table 4-7
GLUE /O ADDRESS WINDOW ASSIGNMENTS
FC(0,1,2) Address Range Device Function
1,25,6 000000-7FFFFF DRAM access window
1,25,6 000000-01FFFF Phantom ROM window
1,2,5,6 800000-81FFFF Normal ROM access
window
5 840001-84FFFF Byte I/O access window
5 850000-85EFFF Winchester disk
controller
1,5 860000-87FFFF Video display controller
5 FO0000-FOFFFF TekLink Interface
5 FEOO01-FFFFFF 1240 COMM Pack
5 FE0000-FFFFFF 1260 COMM Pack
3 020000-3FFFFF Diagnostic LEDs
3 D1EOFF Power keep alive

DRAM Access Window This is user access RAM. It is storage for user programs
and data.

Phantom ROM Window ROM code appears here immediately after power-up but
will be replaced by DRAM access after any write to address 800000-81FFFF.

Normal ROM Access Window This same ROM code appears as a phantom ROM
window immediately after a power reset. This window can be accessed as
program or data by user or supervisor.

Byte I/O Access Window Standard LSI I/O devices like the floppy-disk controller
appear in this memory space. These are only accessible as supervisor data
(FC[0:2]=5) on odd addresses (bits 0-7).

Winchester Disk Controller This address space is used for the Winchester disk
controller and can only be reached as supervisor data (FC[0:2]=5).

Video Display Controller The display can be accessed by both the user and the
supervisor. Access is data and is not available as program space.
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TekLink Interface TekLink interface addresses can only be reached as supervisor
data (FC[0:2]=5).

1240 COMM Pack This address range can only be reached as supervisor data
(FC[0:2]=5). COMM Packs should be addressed as byte data on odd addresses
only. Address range FFFEQ0-FFFFFF selects the LSI Communication IC in
the COMM Pack. Address range FE0000-FFFDFF selects the memory device
(ROM) in the COMM Pack.

1260 (3000-Series) COMM Pack For 1260 address information, refer to 1240
COMM Pack.

NOTE

For more information refer to Communication Pack Interface
description later in this section.

Diagnostic LEDs The LEDs can only be reached as supervisor data using the
MOVES instruction (FC[0:2]=3).

Power Keep Alive The Power-keep-alive can only be reached as supervisor data
using the MOVES instruction (FC[0:2]=3).

Other GLUE Gate Array Operations. The specifics of GLUE gate array operation are
described throughout the following MPU board functional descriptions. Refer to
Section 3 for an illustration that shows the GLUE gate array pin/signal assignments
as viewed from the component side of the MPU board.

Read Only Memory. Refer to MPU Board Schematic Sheet 2 and the MPU Board
Detailed Block Diagram in the Diagrams section when reading the following
material.

Read-only memory consists of two 256K erasable programmable read-only memory
integrated circuits (ICs) (EPROM); hereafter, referred to as ROM. These 32K by 8-
bit ROM's store the instructions for setting up the microprocessor during power-up,
for running kernel tests, and for loading the operating system off the system disk.
One IC stores the even-addressed byte KD[00:07] of a 16-bit word; the second IC
stores all the odd-address byte KD[08:15] of a 16-bit word).

ROM functions are elementary. For example;

In read mode, both ROMs are addressed simultaneously. Thus, when the ROM/
signal goes active low, data at the ROM address is placed on the KD[00:15] data bus.
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The EPROMs are programmed as follows: First, the ROMs are erased using an
ultraviolet light source. This places all bits in the "1" state. (This is the only way to
change a "0" to a "1".) Data can then be written by selectively writing "0" into the
desired bit locations.

Diagnostic LEDS. Refer to the MPU Board Schematic 3 and the MPU Board
Detailed Block Diagram in the Diagrams section when reading the following.

The Diagnostics LEDs reside in a single LED pack on the MPU. These LEDs are
used to track the progress of the 68010 during the power-up process, indicating
diagnostic codes as the microprocessor progresses through power-up diagnostic
checks.

As the power-up routines progress, the LEDs indicate which test is being run.
(Power-up generally occurs too fast to be able to actually see a specific "power-up
mode"; however, should the power-up procedure fail, then you may obtain some
useful information. Lighted LEDs, in this case, contain information useful in
determining the failed area. Refer to Section 8, Troubleshooting, for LED code
explanations.)

The diagnostic LEDs monitor bits 0-7 of the kernel bus KD[00:07]. These bits are
latched into the diagnostic LED by the LED signal from the GLUE gate array. A low
on a data bit turns an LED on; a high turns it off. The latches are reset at power-up
by IORESETY/; therefore, all LEDs are turned on until an active LED signal latches
in a new LED byte from the data bus. LED 9 is on during the active reset cycle; LED
10 is on during normal microprocessor execution.

Random Access Memory. Refer to the MPU Board Schematics 5, 6, and 7 and the
MPU Board Detailed Block Diagram in the Diagrams section when reading the
following material.

The compute kernel contains 2.0 megabytes of DRAM for storing the operating
system and for performing its designed applications. The primary purpose for
DRAM is to store the operating system (pSOS) for running the 68010 microprocessor.
Note that DRAM is not interfaced directly with the 68010, but rather through the
GLUE gate array. Each time the MPU is turned on or is reset, the operating system
is loaded into DRAM from the system disk (either floppy- or hard-disk). This is
because the DRAM loses its data whenever power is removed.

RAM consists of sixteen, 1.0 megabit DRAMS. This RAM is divided into two
separately-addressable, 8-bit bytes. Thus, either a high-order or a low-order byte can
be selected; or the microprocessor (via the GLUE gate array) can read all 16 bits
simultaneously. Table 4-8 lists the RAM allocation and address locations for the 8-

bit peripherals.
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Table 4-8
BYTE I/O ACCESS WINDOW DATA FUNCTIONS
Address Data Function
844001-84401F Serial I/0. For more information, refer to the

Signetics® Data Sheet on SC2681.

845F01-845F07 Floppy disk controller. Refer to the Western
Digital® Data Sheet on WD1770.

844801-84483F Real-time clock/calendar. Refer to the Intersil®
Data Sheet on ICM7170.

844401 Timer reset. This is a write-only address that
clears the timer interrupt anytime it is accessed
regardless of the data written.

844601 Floppy latch. This write-only address determines
which drive is selected and which side of the disk
is used. The bit assignments are as follows:

«Bit 0=Side 0/1 select

«Bit 1=Drive 0/1 select

«Bit 2=not assigned

«Bit 3=COMM Pack Interrupt Polarity
Control. Logic high indicates
COMM Pack installed. Logic low
indicates COMM Pack not installed.

844C01 Floppy status. This read-only address contains
the status of floppy-disk drive readiness. The bit-
assignments are as follows:

«Bit 0=DISK_CHANGE. Logic high
indicates that a disk is inserted. Logic
low indicates that a disk is removed.

Bit 1=READY

«Bit 2=not assigned

«Bit 3=not assigned
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The following is a brief description of RAM operation.

Address Inputs. Twenty address bits are needed to address any bit location: 10 bits
for the row address and 10 bits for the column address. First, ten row-address bits
are provided at the LORA[0:9] input pins. These bits are latched into RAM with the
low-active RAS (row address strobe) signal. Then, ten column-address bits are
provided at the LORA[0:9] input pins and latched into RAM with the low-active CAS
(column address strobe) signal.

Read /Write Enable. The read and write mode is selected with the RW signal. A
logic high sets read mode. A logic low sets write mode. When the read mode is
selected, the data input of the RAM is disabled. When write mode is selected, data
output from the RAM is disabled.

Writing to RAM. The GLUE gate array addresses the bit location and data is then
placed on the RID[0:7] Bus. The GLUE gate array sets CAS1 and CAS2 to address
the low and/or high byte RAM. Figure 4-4 is a simplified schematic showing how this
selection is made. Table 4-9 shows the relationship of DRAM control signals to high
or low byte selection. Data is stored (written to RAM) on the falling edge of CAS00
and/or CASO1.

RAM RID15

High Order
Byte

Lo Order
Byte

1> —
RAS00 RAM

.

—

—

Figure 4-4. RAM buffering logic.
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Table 4-9
HIGH ORDER/LOW ORDER SELECTION
DRAM Control Signals DRAM DRAM
RMRW RASL | CAS2 CAS1 High Order | Low Order
X low low high enabled disabled
X low high low disabled enabled
low low low enabled enabled

Data Output (Read from RAM). As with data input, the GLUE gate array addresses
the location of the bit to be read. When RW0 and/or RW1 is logic high (indicating
read mode), data is placed on the data-out pin.

DRAM Refresh. Refresh of the dynamic memory cells is done by performing a
refresh memory cycle on each of the A0-A8 row addresses at least once every 8 ms.
Strobing each of the 512 row-addresses (A0-A8) with a falling RAS signal causes all
bits in each row to be refreshed.

NOTE

During a reset, back-to-back refreshes occur. This results in an
approximate 50% duty cycle for the RAS signal.

Low | High Byte Selection. As previously stated, low- and high-order byte selection is
enabled by the CAS1, CAS2 signals from the GLUE gate array. These signals are set
according to the logic state of the KLDS/ (Lower Data Strobe) and KUDS/ (upper
data strobe) signals from the 68010 microprocessor.

NOTE

The "K" prefix indicates signals that are part of the critical kernel.
That is, they are part of circuitry that must function for the MPU to
execute any code. Buffered ("B") signals are not critical to the operation
of the critical kernel.

The 68010 can simultaneously read or write all 16 DRAMS by activating both KLDS/
and KUDS/. This causes the GLUE gate array to enable both the CAS1 and CAS2,
causing all bits of a 16-bit word to be written into or read from DRAM.
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68010 Bus Buffers. Refer to MPU Board Schematic 2 and the MPU Board Detailed
Block Diagram in the Diagrams Section when reading the following.

The 68010 Address bus is uni-directional. The Data bus is bi-directional. Both the
address and data buses are buffered to provide isolation and to help drive the
address and data lines to other devices that use the buses. (After buffering, the KD
and KA bus signals are preceded by the letter B to indicate the buffering action.)

The bi-directional data bus provides the communication link between the 68010's
data bus and the other I/O functional devices on the bus. The following is a list of
some functions performed using this bus:

» Read EPROM at power-up, to verify functionality of the operating kernel.

e Manage GLUE read/write communications with 68010 and other devices on the
bus via the kernel data buffers.

e Report diagnostic LED status information.

* Manage data read/write bus for COMM Pack, hard disk, Video gate array, and
TekLink gate array.

Control Signal Buffers. The MPU buffers the 68010 output control lines KLDS/,
KUDS/, and KRW/. After buffering, these signals (now preceded by a "B") are used
by various circuits for bus read/write control purposes. KLDS identifies data as bits
0-7; KUDS identifies data as bits 8-15. BBRW signifies either a read (active high)
or write (active low) operation.

Interrupt Control. Refer to MPU Board Schematic 8 and the MPU Board Detailed
Functional Diagram in the Diagrams section when reading the following.

A system device requests service of the processor by activating its respective
interrupt request line. Because of the various interrupt sources, interrupt decoding
and prioritizing is needed. This is done by the interrupt multiplexer and GLUE gate
array logic.

Interrupt signals are input to one of two -151 multiplexer ICs located in the interrupt
multiplexer circuitry. The GLUE gate array continuously polls the multiplexers with
the patterned PTR1, PTR2, and PTR3 signals. The result is an active-high INTH
(interrupt high priority) or INTL (interrupt low priority) signal for each active
interrupt request.

The INTH and INTL signals enter delay lines which effectively delay the signals one
clock cycle. This delay ensures proper set-up and hold timing on entry to the GLUE
gate array.
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Because of the clock pattern of the PTR1, 2, 3 signals and the corresponding
activation of INTH and/or INTL, the GLUE gate array restructures the interrupt
acknowledge signals within its internal interrupt logic. Thus, it knows the exact
source of the interrupt. The result is that IPL0/, IPL1/, and IPL2/ microprocessor
interrupt inputs are set to represent the priority of the interrupt request.

The 68010 completes its current instruction, and, if no higher priority interrupts are
pending, it acknowledges the interrupt by:

1. Setting the FCO, FC1 and FC2 outputs all high. (This actually informs the
GLUE gate array that the microprocessor is servicing the interrupt.)

2. Setting KA[16:19] all high.

3. Placing the replication of the IPLO, IPL1 and IPL2 inputs onto address lines
KA00, KAO1, and KA02, respectively.

4. The GLUE Gate array responds with a vector number on KD[2:7]. KD bits 0
and 1 may be added by the interrupt source (such as the Video gate array);
otherwise, they are logic high.

5. The 68010 multiplies the vector number by four to calculate the address of the
interrupt routine. It then jumps to that address and begins executing.

DTACK Control. For most MPU operations, DTACK/ is controlled by the GLUE
gate array. However, the bus cycle can be controlled by three other sources. These
sources are: Hard Disk Controller board, Video gate array, and TekLink gate array.
Figure 4-5 shows how alternate DTACK sources are controlled.

With BUN and PACK/ logic high, DTACKEN/ turns on buffer U513. The alternate

DTACK sources are enabled, selecting a device which can provide its own DTACK
signal. This circuit allows only one source to assert DTACK at a given time.
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Figure 4-5. DTACK control block diagram.

Calendar (Real-time Clock). Refer to MPU Board Schematic 12 and the Detailed
Block Diagram in the Diagrams section when reading the following.

For time-keeping purposes, the MPU contains an Intersil® 7170 real-time clock and
associated circuitry. It uses the GLUE gate array IOD data bus for input/output.
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The calendar IC is written to or read by accessing eight internal, separately-
addressable counters which have the following functions:

¢ 0.01 (hundreds) sec.

e Second

e Minute

e Hour

e Day

¢ Date

e Month

* Year

An external 32 kilohertz crystal with trim capacitor C455 connects between the
oscillator IN and OUT connections. C455 is used to fine-tune the oscillator. (The
command register, which is internal to the IC, is programmed for a 32 kHz crystal.)
Address bits are GBA[1:2] of the GLUE address bus and BBA [3:5] of the buffered

address bus. Refer to the Intersil 7170 data specification handbook for detailed
information on address codes and corresponding calendar chip functions.

Read From Calendar. The content of the addressed calendar register is read to the
IOD data bus when the CALENDARR signal goes low. CALENDARR is enabled
when GBA bit 9 = 0, bit 10 =1, and bit 11 = 1.

Write to Calendar. A write to calendar is needed whenever the clock needs to be
reset, due to time change, battery/power failure, etc. The contents of IOD data bus
are read into the addressed calendar register when the CALENDARW signal goes
low. CALENDARW is enabled when GBA bits 9 = 1, bit 10 = 1, and bit 11 =0.

Use the Set Time/Date diagnostic routine to reset the calendar/clock.

Interrupts. The calendar IC can output two types of interrupts: periodic and
compare. These interrupt signals are available at J460. However, they are not used
for any circuit application other than adjusting the oscillator tuning. Refer to
Adjustment Procedures for information on adjusting the calendar oscillator.

NOTE

For additional details on calendar Interrupts, refer to the I ntersil®
ICM7170 Data Sheet Catalog.
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Power Down and Battery Operation. Whenever the voltage between pin 14 and pin
13 is less than about 1 volt, the calendar IC automatically switches to battery backup
operation. Until power is restored, operation is limited to timing, counting, and
interrupt generation only. All other functions are disabled.

Beeper (Speaker) Control. Refer to MPU Board Schematic 3 and the MPU Board
Detailed Block Diagram in the Diagrams Section.

The MPU board audio beeper circuit can be used by an application program to alert
the user to key points in the application. An audio tone is generated as follows:

To generate an audio tone, the GLUE gate array outputs a BEEP signal. This signal
is a square wave signal gated with a 40 kHz pulse-width modulated carrier. Volume
is controlled by varying the duty cycle of the 40 kHz signal. (Refer to the Beeper
Control Latch description under GLUE Gate Array for additional information.)
Registers, within the GLUE gate array, can be preset by an application to provide
programmable volume control.

The beeper, YG190, is driven by FET, Q285. Feedback resistor R286 provides
quiescence bias, enabling the proper operation of the volume control feature.

The beeper circuit can be disabled by strapping pins 2 and 3 of J285, thereby
grounding the gate of Q285.

The BEEP signal is routed to pin 1 of J285 for connecting to an external amplifier
and speaker if desired.
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Floppy Disk Interface

Refer to Schematic 10 and the Detailed Block Diagram in the Diagrams section when
reading the following.

Introduction

The primary interface component is a Western Digital® 1770 Flexible Disk
Controller/Formatter chip (hereafter called controller). All data communication to
and from the MPU circuitry is via the IOD[00:07] bi-directional data bus and
associated control lines. The data bus is used to transfer data, status, and control
words (commands) out of or into the controller. The data bus lines are three-state
buffered. They become output drivers when 1770_SEL is low and LBRW is high;
they become input receivers when both 1770_SEL and LBRW are low.

At power-up, the IO_RESET/ signal is active low to set the controller and other
floppy-disk drive control circuits to a known status.

Addressing the controller's registers is provided by GLUE address bits GBA[1:2].
GLUE address bits 9, 10, and 11, in conjunction with the LSIO and STDS signals,
enable the 1770-SEL signal. The function decoder circuit also decodes the
FDSELEN signal which latches the decoded SIDE I/O, DRIVE1, or DRIVEO signals
from the floppy-disk select register. An 8 MHz, 50% duty cycle clock signal from the
GLUE gate array provides system timing.

Table 4-10 describes the chip's input/output and signal control lines.
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Table 4-10
WD1770 INPUT/OUTPUT SIGNALS
MPU Signal Chip Chip Function
Symbol Pin No.

1770_SELECT CSs/ 1 A logic low on this input selects the chip
and enables communication with the
device.

LBRW R/W/ 2 A logic high on this input controls the

placement of data on the IOD[00:07] lines
from a selected register, while a logic low
causes a write operation to a selected
register.
GBA[0:1] A[0:1] 3-4 These two inputs select a register to
Read/Write data:
CS A1 A0 R/W/=t1 R/W/=0
0 0 0 StatusReg Command
Reg
0 0 1 Track Reg Track Reg
0 1 0 SectorReg SectorReg
0 1 1 Data Reg Data Reg
10D[00:07] DAL[0:7] 5-12 Eight bit bi-directional bus used for
transfer of data, control, or status. This
bus is enabled by CS/ and R/W/.
IORESET/ MR/ 13 A logic low pulse on this line resets the
device and initializes the status register
(internal pull-up).

GND GND 14 Ground

+5 VDC Vce 15 +5 V +5% power supply input

STEP STEP 16 The Step output contains a pulse for each
step of the drive's R/W/ head.

DIRECTION DIRC 17 The Direction output is high when

stepping in towards the center of the
diskette, and low when stepping out.

8 MHZ CLK CLK 18 The free-running 50% duty cycle clock
(for internal timing).
RDATA RD/ 19 This active low input is the raw data line

containing both clock and data pulses
from the drive.
(Table 4-9 continued on next page)
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Table 4-10 (cont.)
WD1770 INPUT/OUTPUT SIGNALS

MPU Signal Chip Chip Function
Symbol Pin No.

MOTOR ON MO 20 Active high output used to enable the
spindle motor prior to read, write or
stepping operations.

WGATE WG 21 This output is made valid prior to

(Write Gate) writing on the diskette.

WDATA WD 22 Clock and data pulses are placed on

(Write Data) this line to be written to the disk.

TR_O TRCO/ 23 This active low input informs the

(Track 00) WD1770 that the drive's R/W/ heads are
positioned over Track zero (internal pull-
up).

INDEX IP/ 24 This active low input informs the WD1770

when the physical index hole has been
encountered on the diskette (internal pull-

up).

Functional Descriptions
The following explains how the floppy interface (primarily, the WD1770) performs
basic input/output functions. Those functions are:

e Data transfer
-status and command register read/write
-disk read operation
-disk write operation

¢ Command operations

e Status register operation

¢ Double density formatting
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Data Transfer (Read/Write). When the microprocessor requires data transfer
with the floppy-disk, it addresses the controller. When the 1770_SEL signal goes
low, the controller decodes the address bits GBA[1:2] . These address bits, together
with the specific state of the LBRW signal (high = write, low = read) are interpreted
by the controller to select the internal registers shown in Table 4-11.

Table 4-11
Addressing the 1770
GBAO02 GBA 01 LBRW = 1 (high) LBRW = 0 (low)
0 0 status register command register
0 1 track register track register
1 0 sector register sector register
1 1 data register data register
NOTE

Refer to the Western Digital® Data Book for additional information on
data transfer.

When GBA[1:2] are both low and LBRW is high, the contents of the controller's
status register are placed on the IOD data bus. If LBRW is low, the content of the
IOD data bus (a command byte) is loaded into the controller's command register.

To read from the disk, the MPU first loads the sector number into the controller’s
sector register. Next, the read sector command is issued. When the controller
locates and verifies the data of the addressed sector, data loads serially into the
controller from the RDATA line. After it is assembled in byte format in the
controller's data register, the FLOPPY_DRQ line goes active high, causing the GLUE
gate array to generate an interrupt, which the MPU services via the I0D[00:07] data
bus. The MPU responds by addressing the controller's data register and setting the
LBRW bit high to place the data byte on the IOD bus. Following the read of the data
register, the FLOPPY_DRQ lines goes low. This process repeats until the end of
sector is reached.

To write to the disk, the MPU first loads the sector numbers into the controller's
sector register. The MPU then issues the write sector command. When the
controller locates and verifies the addressed sector, it generates an active-high
FLOPPY_DRQ signal. This signals the MPU to place a data byte on the I0D[00:07]
data bus and switch the LBRW line low. This action latches the data into the
controller's data register, causing the FLOPPY_DRAQ signal to go inactive low. The
controller then activates the WGATE signal to the floppy-disk, writing the data into
the data field on the disk.

The preceding process repeats until all data has been clocked out of the data register
and written on the disk.
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NOTE

Writing is inhibited when the WPROTECT | (Write protect) input is
logic low. In this case, any Write command is immediately terminated,
an interrupt is generated (FLOPPY_IRQ), and the write protect status
bit (of the controller’s status register) is set.

Command Operations. The controller can accept 11 different commands. These
commands and their respective bit assignments are shown the Western Digital data
book for the 1770 Controller/Formatter chip. All commands contain bits that have
variable assignments depending on the desired command activity. Again, if
additional information is needed, refer to the Western Digital data book for the 1770
Controller/Formatter chip.

NOTE

The assigned state of a variable bit is application-dependent. Their
assignments are preset by the system software and normally will not be
changed from their assigned states.

Refer to the Western Digital® Data Book for detailed descriptions of each command
operation.

Status Register Operation. Table 4-12 shows the bit assignments for the status
byte. Upon receipt of any command (except the force interrupt command), bit 0 is set
and the other status bits are updated, or cleared, for the new command. The busy
status bit also controls the FLOPPY_IRQ signal. When the 1770/floppy system is
busy, this signal is active. The MPU monitors this signal to determine when a
floppy-disk command operation is completed.
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Table 4-12
STATUS BIT ASSIGNMENTS
Bit Name Meaning

10D07 Motor On This bit reflects the status of the Motor On output.

IOD06 Write Protect On Read Record: Not used. On Read Track: Not used.
On Write it indicates a write protect. This bit is reset when
updated.

I0OD05 Record Type/ When set, this bit indicates that the motor spin-up sequence

Spin-Up has completed 6 revolutions on Type 1 commands. For
Type 2 and Type 3 commands this bit indicates record.
Type 0 = data mark; Type 1 = deleted data mark.
10D04 Record Not When set, it indicates that the desired track, sector, or side
Found were not found. This bit is reset when updated.

10D03 CRC Error If S4 is set, an error is found in one or more ID fields; other-
wise it indicated an error in data field. This bit is reset when
updated.

10D02 Lost Data/ When set, it indicates the MPU did not respond Track 00 to

Track 00 DRQ in one byte time. This bit is reset to zero when
updated. On type 1 commands, this bit reflects the status
of the TRACK 00 signal.

10DO01 Data Request This bit is a copy of the DRQ signal. When set, it indicates
the DR is full on a read operation or the DR is empty on a
write operation. This bit is reset to zero when updated. On
Type 1 commands, this bit indicates the status of the
INDEX signal.

10D00 Busy When set, it indicates that a command is being executed.

When reset, no command is being executed.
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If a force interrupt command is received when there is a current command under
execution, the BUSY status bit is reset, but the rest of the bits are unchanged. If the
force interrupt command is received when there is not a current command being
executed, the BUSY bit is reset and the other status bits are cleared.

NOTE

When the data register is read to the IOD data bus the DRQ bit in the
status register and the DRQ output (FLOPPY_DRQ) are automatically
reset. A Write from the IOD bus to the data registers also causes the

same actions.

Double Density Formatting. As stated earlier, the floppy disk is double-density
formatted with 256 bytes per sector.

To format the disk, the controller receives the write track command, causing the
busy status bit (bit 0) in the status register to be set. The formatter/controller IC's
data register is loaded with the values shown in Table 4-13. For each byte to be
written, there is an active data request (FLOPPY_DRQ) signal to the MPU.

Figure 4-6 shows the track/sector format and the relationship of the INDEX pulse
and the WGATE (write gate) signals.
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Table 4-13

FLOPPY DISK TRACK AND SECTOR FORMAT CONTENTS

Number of Bytes

Hex Value of Byte
Written

60
12*

- N
2 W NON b cdda @

N
N
(]

1
24*
668**

4E
00
F5 (writes A1)

Sector Number (

F7 (2 CRC's are
4E

00

F5 (writes A1)

data
4E
4E
4E

FE (1D Address Mark)
Track Number (0 thru 4C)
Side Number (0 or 1)

1 thru 1A)

01 (sector length)

written)

FB (data address mark)

*The formatting sequence writes the field from 12 through 24 16 times.
**Continues writing until Controller chip interrupts out (approximately

eight bytes).
INDEX
PULSE[— |

lj@—————————REPEATED FOR EACH SECTION >
Bytes} 2 Bytes|3 Bytes| D | Track | Side | Sector |Length [CRC | CRC |22 Bytes |12 Bytes[3 Bytes | D | User Data | CRC [CRC P4 Bytes
4E' | 00 | AT | FE']| 8 s s * 1 2 ‘4E" '00° | 'A1* | FB [256 Bytes| 1 | 2 | "4F
1D FIELD L——m‘m Flsw-——l
WRITE GATE _______Ii L_--_-

Figure 4-6. Floppy disk track and sector format.

4-40 671-0058-XX MPU Board Service



Theory of Operation

Video Controller

Introduction

Refer to MPU Board Schematics 9, 13 and 14, and the MPU Board Detailed Block
Diagram in the Diagrams Section when reading the following.

The video controller consists of the video gate array and video RAM. This
circuitry functions as a powerful display engine that can drive color and
monochrome CRTs, or a flat panel display. Regardless of the display device, data
is displayed on a grid 640 pixels wide by 400 pixels high.

The video gate array provides the hardware that drives the display device. It
includes circuitry that identifies the type of display attached (color CRT,
monochrome CRT, or flat panel) and then modifies the video output and control
signals to drive the attached monitor.

Display RAM serves two functions:

1. A 32K by 8 section provides a bit map of the displayed image for graphics
(waveform) display. Two 32K x 8 ICs provide 2:1 mapping (two bits per IC for
color display).

2. An 8K by 8 section stores image information for up to 256 displayable text
characters.
The following list of video controller functions are described:

¢ Video output

Operating modes

Display memory

Display RAM access cycle

* Screen copies

Video gate array pin assignments
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Video Output

As stated in the introduction, the video gate array supports either a color CRT, a
monochrome CRT, or a flat panel display. The same display output connector is
used to connect the color CRT and flat panel display; only the interconnect cable
is different. If a monochrome CRT is used, the video controller will be hard-wired
to the CRT using the 671-0058-50 MPU board. There is no external Display
connector. (Refer to the applicable mainframe service manual for MPU board-to-
display-interconnect drawings and related information.)

Table 4-14 shows the pin/signal assignments of the display controller output
connector, J820. This connector is used to connect the color video CRT or flat panel
display to a 671-0058-00/-01 MPU board. The 671-0058-50 MPU board does not have
an external display (backpanel) connector. It connects directly to a monochrome
CRT mounted internal to the mainframe. Refer to the applicable mainframe service
manual for details regarding signal interconnect. Signal descriptions are provided in
Section 13, Glossary.

Table 4-14
DISPLAY CONTROLLER OUTPUT CONNECTOR
Pin Signal
1 +12 V (for flat panel)
2 Gnd
3 VSync
4 Gnd
5 HSync
6 Gnd
7 VIDO (MONOCHROME)
8 Gnd
9 Vid1(BLUE)
10 Gnd
11 VID2 (GREEN)
12 Gnd
13 VID 3 (RED)
14 Gnd
15 VCLK (for flat panel)
16 Gnd
17 Not used
18 Gnd
19 TOUCH_H
20 TOUCH_L
21 +12VDC
22 +12VDC
23 +12VDC
24 +12VDC
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CRT Video Operation. The TOUCH_H and TOUCH_L signals are monitored
by the video gate array to determine whether a color CRT or flat panel display is
attached. When a color CRT is attached, these lines are both high. The video
gate array then configures its operation to drive the RGB display. Figure 4-7
shows the timing and data transfer protocol for a video monitor. Note that pixel
data is output bit-serially, one raster line at a time.

HORIZONTAL TIMING 24.75KHz 32

(40.40us) s[5V

HORIZONTAL SYNC

Back Porch.gpl |ag 32.0us| ‘_Front Porch
2.4ps Active Video 2.8us

VIDEO

VERTICAL TIMING |q 53.43MHz _pJ565.6{g-Sync
(17.415ms) us

VERTICAL SYNC

Back Porch Front Porch
646.8us ™ [* "’l =0 0ps

VIDEO

1.25 16.16
i

ms ITB.

Figure 4-7. Video timing and control signals.
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The video gate array drives both the RGB and MONOCHROME signals
whenever a color or monochrome CRT is installed. Interconnect cabling and
plugs ensure that the appropriate signals are routed to their respective video
monitors. (The 671-0058-00 and -01 MPU boards contain a external Display
connector for driving either a color monitor or a flat panel display. The 671-0058-
50 MPU board does not contain an external Display connector, but is hardwired
to a CRT monitor internal to the mainframe. Refer to the Diagrams section in
the applicable mainframe service manual for display interconnect details.)

The power-up boot ROM loads the pre-determined display "values” into SYNC-
control registers in the video gate array. The content of these registers controls
the horizontal blanking, vertical blanking, and retrace intervals. The content of
these registers also select between serial or parallel transmission of pixel
information to the display. (Video CRTs receive pixel information serially, one
horizontal scan line at a time. The flat panel can receive and display pixel data
up to four lines at a time. Flat Panel operation is described more completely
under Flat Panel Operation.)

Flat Panel Operation. If a Flat Panel Display module is connected, the TOUCH_H
and TOUCH_L signals will be complementary. The video gate array then configures
its operation to drive the flat panel display. Figure 4-8 shows the timing and data
transfer protocol for the flat panel display. Note that pixel data is output bit-serially,
four raster lines at a time, on lines VID0-VID3.

The flat panel display receives +12 VDC from the MPU board to power the flat panel
display. It also receives the VCLK signal for timing the display circuitry.
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e—————T1 x 402—— Tixn
(0sn<18)
«—T2—»]
D— A.w—l —

VtyncJ
-——-171 r-—-—
Hsync pxri Sxfi x0 " x1 x2 2 388 399 3 xr) (xr) x0 x1
DATA O

; 00 I i DD &L
DAYA 3

Hsync 4 \ j

47 5he— -
VID 0 Y y y y 0 y y

¥ o ,d]CD—-n—(aaz)(sss/ ) & x
VIiD1 -

|uD €» EBE S CH G D
vID 2 -

\z,<s)’1o 634 Y 638 \szX
vID 3 —}

N e X 7 Y12 )y—e3s X639/ \_2 X7 X

F— le-T10

SCK

Negative Edge x 160
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Figure 4-8. Flat panel video timing and control signals.
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Operating Modes
NOTE

The video gate array is a custom gate array device that manages all
display controller functions. A technician can easily treat the array as
a "black box" ignoring what occurs inside the array. However, a good
understanding of how the video gate array uses video RAM and
windowing concepts is necessary for efficient troubleshooting of the
video controller circuitry.

Physical Windows. The video gate array segments the display into physical
windows as shown in Figure 4-9. Two text windows support smooth vertical
scrolling (smooth scrolling is the ability to shift an entire image in increments of
one pixel line at a time). These two windows are scrolled independently by using
their own pixel-row offset registers (these registers are part of the VGA).

A graphic window can be turned on in each of the smooth scrolling text windows.
(The graphic window is used to display waveforms, cursors, and text.) When
turned on, the graphic window extends from character column 16 (on the left side
of the display) to character column 79 (on the right side of the display). The
graphic window extends from the top scan row to the bottom scan row of the
scrolling window.

NOTE

The graphics windows are scrolled independently by their own offset
registers. These registers control the number of pixels by which the
graphic image is shifted either horizontally or vertically.
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G—G—One Text Line, 80 Characters (text only window)

16 Characters
<& by 10 Scan
Lines
TEXT ONLY
(Smooth Vertical
Scrolling)
v

(2k RAM Bufter)

<€

512 Pixels

Bit-Mapped Graphics Window A
(if enabled)

-

VINDOW
Text-SYNC
Graphics A
TextC ,/
Text Buffers
can be joined

Graphics Windows
Two Text Lines, 80 Characters each (Text Only Window) ——————— can be joined as

one Window

Graphics B 16 Characters
aph by 10 Scan
Lines

TEXT ONLY
(smooth vertical
scrolling)

(2k RAM Buffer)

512 Pixels

¢

Bit-Mapped Graphics Window B
(if enabled)

»/

&7

TextD

‘—’——Om Text Line, 80 Characters (text only window) —————————3»

Figure 4-9. Example of display windows.

Data Windows. "Data windows" refers to the memory space that stores the data
to display in one of the physical windows on the display screen. The video gate
array manages hardware windowing by:

e Locating the top scan line of a display area (window) on the physical display, and
o Locating the source (memory location in Video RAM) of the data that will be

displayed in the physical window.

Figure 4-10is a memory map. This illustration also shows the correlation
between memory locations and the display windows.
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Even Byte Odd Byte

Bit Bi Bit
0 78 15
86C000— \
Scrolling
4k, 8 bit Character Attribute Text
Bytes (2-k bytes) | (2-k bytes) | (Window A)
stspooo—k ------ --
Scrolling 5 Text Windows
“J Character Attribute Text Sync, C, and D
Window B
86E000 - oot - - - - - - -
J Character Attribute
4k
86F000-) {
Even Row Odd Row Character
4 of Pixels of Pixels Font 16 bytes/ Character
x 256 Characters = 4kbytes
870000 /

32k{ NJ %xﬁd&mm
snooo—g
|
| S ]
87FFFF |

Figure 4-10. Video RAM memory map showing correlation between memory addresses and
display windows.
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The video gate array manages data windowing by using two smooth-scrolling
window buffers. These are "circular,” 2-kilobyte buffers that wrap around when
the 2-kilobyte (end of buffer) boundary is reached. Depending on the user
interface (application), these buffers can be joined into a single 4-kilobyte buffer
with two pointers to it.

The other three text windows (C, D, and E) use a single 2-kilobyte text buffer.
This buffer overlaps the 4-kilobyte contents of the smooth-scrolling windows.
That is, they can use the memory allocated for windows A and B (2K + 2K = 4K).

Bit-Mapped Graphics Windows. The video gate array displays graphic images
(waveforms with text labels in the adjacent, smooth-scrolling text windows). The
physical location of these graphic windows is shown in Figure 4-9.

NOTE

When reading this information, please keep in mind that the Video
Gate Array is configured by the MPU System and Application system
software.

The video gate array contains a hardware drawing machine that draws data
points, draws risers (vertical lines connecting data points), and copies character
images from the font memory for display in the bit-mapped window. This drawing
engine frees the MPU from having to perform the mundane and time-consuming
tasks associated with bit-mapped graphic display images.

NOTE

When drawing images into the bit map, the drawing machine
automatically uses the color attributes (stored in the drawing engine s
command register) for the new image. The colors that are displayed are
determined by the color look-up table in the color register.

Display Memory

As previously stated, the video gate array is supported with 80-kilobytes of RAM.
This RAM is mapped as shown in Figure 4-10. This memory is contained in two
39K x 8 (256k bit) and two 8K x 8 (64k bit) ICs. These ICs are shown on the
Schematic, Sheet #13 in the Diagrams section. The 32-kilobyte chips are used for
bit-mapped graphic displays; the 8-kilobyte chips are used for storing of character
font tables and text characters.

The following information describes how text and bit-mapped graphics RAM are
used by the video gate array.
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Character Font Memory. The character font memory space is mapped in
Figure 4-10. It stores pixel information for up to 256 characters.

At power-up, the pixel representation of the 8-bit character code is read from
microprocessor ROM and stored in font memory. The pixel information for each
character is contained in eight 16-bit words that are stored in a 16-bit by 8-bit
character matrix as shown in Figure 4-11. A character occupies a "cell" within
the pixel matrix. There are two character cell sizes; normal text and label text:

e Normal text cells are 10 pixels high by 8 pixels wide.

e Label text cells are 16 pixels high by 8 pixels wide. (Label characters are
characters displayed to the left of the graphic windows.

Figure 4-11 shows how pixels are stored and displayed for the ampersand (&)
character, normal font. Note that each 14-bit word, in the font storage cell, contains
two lines of pixel information. A character matrix is stored in character font RAM in
byte order; 86FXXO0 is the top row, 86FXX1 is the next row down, and 86FXXF is the
bottom-most row of the character matrix.
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Figure 4-11. Relationship of displayed character to font memory.
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Text Memory. During the power-up boot process, the font code for the character set
used by the MPU is read from boot ROM and loaded into display RAM. Each
displayed character is stored using an 8-bit character code and an 8-bit attribute
code. Thus, each character occupies 16 bits in text memory. (See Figure 4-12.) Note
that the attribute code is used to assign attributes to the character as shown in the
illustration.

NOTE
The color attributes are not used for a flat-panel display.

MPU "block moves" the contents of the font ROM to the display RAM between
86F000 and 86FFFF. When the MPU wants to display a character, it places the
desired character code and attribute in a memory location somewhere between
86C000 and 86EFFF, as determined by the choice of windowing.

LSB MSB
oli1l213]alslel7]|8]9|10]11]12]13}14]15
N ~— s\ V4 __/

Character
Code

On Off Under inverse
\Color Color line Blinking Videg

N
Attribute Code

Figure 4-12. Text character storage and attribute codes.

Reading Text Memory. Refer to Figure 4-13. Text characters are read from text
memory as follows:

1. Based on data from the MPU (the user interface application stored in registers
in the video gate array), the video gate array identifies the address of the
character to be printed on the display screen and determines the display window
(screen location) in which the character will be printed.

2. The video gate array retrieves the 16-bit code for the desired character. It places
the 8-bit character and 8-bit attribute codes in separate registers.
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3. Using both the 8-bit character code and the current scan line to address the font
location in font RAM, the video gate array searches through the font matrix.
This results in a string of eight pixel bits loaded into the Video gate array.

On successive scan lines, the video gate array increments the character scan line
value by one line, selecting a set of pixels that are separated from the physical
address of the first font value by 1 byte (8 bits).

4. The video gate array modifies the pixel data as determined by the character
attribute code stored in the attribute register, then delivers the pixels to the
display device (using the method appropriate for the attached display device).
For example, if a color CRT is used, then color attributes are added and the pixel
data is transmitted to the display in a serial string, one raster line at a time. If
a flat panel display is used, then the video gate array transmits four raster lines
of pixel data, bit serially, ignoring the color bits of the attribute code.

BBA 1-16 (Address)

FOR CRT DISPLAYS:
BD 0-15 (Data) z:g ?f glzenod\rome

VID 2 = Green

VID 3 = Red

VIDEO
g Control Lines o GATE ARRAY DISPLAY
« DTACK
«VIDEO INT VCLK

[ Pixel Controllerg]

\ (for Flat Panel
only)

RA 0-15 MO0-15

VIDEO
RAM

Figure 4-18.Simplified diagram showing data flow from video memory to display.
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Graphics Memory. Graphics memory consists of two 32k-bit x 8 memory chips
whose memory address space is mapped in Figure 4-10. This memory functions as a
bit map in which pixel data is stored for the image displayed in a graphics window.

The color display requires two bits of information for each pixel displayed. Pixel
information is stored in graphics memory in 16-bit words. Each word contains pixel
color information for 8 bits, as shown in Figure 4-14. A color look-up table is used to
convert the two bits for each pixel into the three signals going to the color CRT.

Graphics Memory

LOCATION N
Read Back Bits for
Black and White Mode
—

TG Te T e [s ol dizhshars

|
usB

11
LS8

Raster Line with 80 Pixel Locations

[oT1[2]3]a]s]6 T7 T [o [ o1 1]s 2[1 31 a]1 s]1 61 7]’4 . r@;holnbzh3[74]75]76]77]78]79]

ﬁLJz]3]4]5]6]7]s|o]1o|11]12|1a]14]1jrol112|3|4|sls]7|alo]wlnhzlmlu]ﬂ

Graphics Memory Graphics Memory
LOCATION N+2 LOCATION N+9

Figure 4-14. Graphics image translation from RAM data bits to display bits.

Display RAM Access Control
The video gate array uses the following bus cycles for text and graphics mode. Both
modes have an access cycle that is 16, clock cycles long as shown in Figure 4-15.
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Figure 4-15. Video gate array bus cycle.

Text mode uses five clocks to read the addressed character code from the text font
RAM, and another five clocks to fetch the display data from the character font (based
on the read character code).

The graphics bus cycle uses 10 clocks to read the addressed graphics pixels from the
graphics RAM.

Both text and graphics bus cycles allow 6 clock cycles for the video gate array to draw
the data (if so commanded), and/or for the MPU to access display RAM (text or
graphics RAM).

Screen Copies

When commanded to generate a screen copy, the video gate array copies an 8 by 8
pixel cell as the pixels are being delivered to the display. It copies this cell into a
register array and then generates an interrupt to the MPU, indicating that the data
is available. The MPU then reads the register array, and routes the image data to
the screen output software. The process repeats until the entire display has been
copied. (This screen read-back is compatible with EPSON® RX80 operation.)

NOTE
Color images cannot be copied. The MPU /video controller circuits
provide black and white data only.

Video Gate Array Pin Assignments

Section 3 contains an illustration that shows the pin and signal assignments for the
video gate array, as viewed from the component side of the MPU board.

Keyboard and Host Interface

Refer to MPU Board Schematic 11 and the Detailed Block Diagram in the Diagrams
section when reading the following.
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Introduction

The MPU board uses a Signetics® 2681 DUART (and other GLUE logic) to interface
with a keyboard (or control panel) and an RS-232C host. Figure 4-16 shows the
DUART's data channels. The 2681 is a two-channel integrated circuit channel A is
the keyboard (control panel) interface and channel B is the host interface. Both
channels are full-duplex asynchronous. The DUART contains a general-purpose, 7-
line input port and an 8-bit general-purpose data output port. Both ports can be
used for miscellaneous control and communication functions. The 2681 accepts a
baud clock from the GLUE gate array, and it provides interrupt control and
operational control for the read, write, and address decoding functions. Address
decoding is done using the GLUE bus address bits GBA[1:2], and buffered address
bits 3 and 4.

\'\\\\\@&\\\ \\\\\\\ \”\\{\\“
;S KEYBOARD HOST \
N e RN\
% (Channel A) (Channel B) §
S N

N

68010
D [0-15 10D [00-07)
HP #—]’ GLUE
KA [1-22) GA GBA [1-2)
KERNAL BBA 154
ADDRESS |« )
BUFFER

Figure 4-16. DUART data channels.

The keyboard and control panel interface (hereafter referred to as keyboard) is
described first, followed by a description of the host interface.

4-56 671-0058-XX MPU Board Service




Theory of Operation

Keyboard (Control Panel) interface

The MPU's keyboard interface circuitry provides data input/output control between
the MPU board and any connected control panel/keyboard or RS-232C device.

The following provides a brief description of how the DUART and associated circuitry
transmits data to and receives data from either a keyboard or a control panel via the
GLUE 10D data bus.

Serial data is transferred from the keyboard to the DUART at a sustained transfer
rate of 19,200 baud (the KEY, CLOCK signal). Thus, received keyboard data is fully
synchronized with KEYCLOCK.

When conditioned to receive data from the keyboard (or control panel), the 2681
looks for a high to low (mark-to-space) transition of the start bit on the RxDA input
pin. When a transition is detected, the state of this pin is sampled for the next 7-1/2
KEYCLOCKsS. After the data from the keyboard is clocked into the DUART, one bit
at a time, the data is then transferred to a receive holding register in the DUART.
This triggers the DUART to activate the IRQ (interrupt request) and KBTRANINT
(keyboard transmit interrupt) signals. This informs the GLUE gate array that the
DUART has keyboard data. When the MPU is ready to receive the data, it sets the
RDN line active low (via the function decoder circuit and the GLUE gate array).
This causes the contents of DUART to be presented on the IOD data bus.

NOTE
The read cycle begins on the falling edge of RDN.

MPU Handshake Protocol. The following describes the basic implementation of
the keyboard-to-MPU handshake protocol.

The GLUE interrupt logic first samples the DUART register lines (IRQ, etc.) to
determine if the DUART is busy. When the keyboard is able to accept data from the
DUART, the KBTRANINT (Keyboard Transmit Interrupt) line will be high. GLUE
interrupts the CPU, after which the CPU writes the command into the DUART,
places a data byte (keyboard command data) on the 10D data bus, addresses the
DUART, and then sets the WRN high. On the rising edge of WRN, data is clocked
into the DUART. The DUART transmitter converts the data to a serial stream that
is clocked to the keyboard at a 19.2 kHz internal clock rate.

Data from the keyboard is clocked into the DUART by KEYCLOCK.

NOTE

If the MPU sends a command when the keyboard is sending data, the
keyboard suspends its data transmission and KEYCLOCK to "listen” to
the MPU's command. On completion of the MPU command, the
keyboard continues KEYCLOCK and keyboard data transmission from
the point where transmission was suspended.
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RS-232 Host Interface
The receive and transmit protocol for the RS-232 host interface (Channel B) is
similar to the keyboard protocol.

Note that standard RS-232 signals input to and exit from the DUART. The input
signals are used by the DUART to activate interrupt signals depending on the
transmit/receive activity at the host connector. For example:

The DUART receives serial data from a host on the RECDATA line. Data is clocked
into the DUART at the BAUDCLK-derived rate, where it is placed in a holding
register. The DUART activates the IRQ and RECINT interrupt lines to inform the
GLUE logic that a byte of host data is residing in the DUART. GLUE interrupts the
CPU. The CPU then reads the data by way of the IOD bus and the GLUE gate
array. The CPU then activates the RDN, causing the DUART to place the data byte
on the IOD data bus.

When transmitting to the host, the MPU logic checks the DUART status register. If
the DUART is not busy, the TRANINT (transmit interrupt) line goes active,
signifying that the DUART is ready to receive data from the 10D bus. The MPU
places data on the IOD data bus, addresses the DUART, and sets WRN high. The
DUART latches the IOD data and transmits it bit-serially to the host at the
BAUDCLK-derived rate.

This concludes the RS-232 HOST interface protocol description.

Auxiliary Host Port. An alternative host serial port (can be used as an alternative
to the keyboard or the host ports. The alternative port is available at pins 16 and 14
of J945. (Normally, these pins are not used.) Refer to Schematic 11.

The alternative port is enabled by cutting the 0-ohm resistor, W465. This pulls up
the KEY DATA line inside U558, effectively disabling the KEYDATA input. At the
same time, pin 16 of J945 is enabled, allowing it to receive data from an RS-232
source. Pin 14 of J945 is the RS-232 output to the alternate serial device.

COMM Pack Interface

Introduction

Communication packs provide a customized communications link between the MPU
board and an external controller. COMM Packs are available for RS-232C, GPIB,
and 8-bit parallel printer protocol.

COMM Packs plug into a connector mounted directly on the MPU board. The MPU
manages all COMM Pack communications.

Section 3, Connectors and Cabling, shows the connector pin/signal assignments for
the COMM Pack connector, J580.
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The MPU communicates with a COMM Pack, as follows. Refer to MPU Board
Schematic page 4 and the Detailed MPU Board Block Diagram in the Diagrams
section when reading the following.

Power-Up and Reset

At power-up or reset, the COMM Pack circuits are set to a known condition. IOD3
and GBA[9:11] are set high, thus keeping the PAKINT (COMM Pack Interrupt)
signal inactive low via the operating characteristics of exclusive-OR gate, U370.

Interrupt Control
PAKINT is controlled as follows:

Whenever the COMM Pack needs to be serviced by the MPU, it pulls up on the
COMPKIRQ (COMM Pack Interrupt Request) signal line. This causes the PAKINT
signal to go high, signalling the MPU via the interrupt multiplex circuit that the
COMM Pack needs its attention. The MPU addresses the COMM Pack, obtains
status information, and manages the request for service, whether read data, write
data, etc.

When the MPU services the COMM Pack's interrupt request, the COMM Pack pulls
the COMPKINQ signal low, and the cycle repeats, as needed.

In the event a COMM Pack is removed when the MPU is powered-up, COMPKIRQ
goes active high via PK/. A PAKINT signal is generated signalling the MPU that the
COMM Pack port needs servicing. The MPU addresses the port and discovers that
the COMM Pack has been removed. With this discovery, the MPU, via the GLUE
gate array, sets Glue address bits 9, 10, 11 to 0,1,0, respectively, and data bit IOD3
to0 0. This causes PK/ to go active low, setting PAKINT inactive low. The MPU thus
clears the interrupt condition, enabling the MPU to continue other operations. As
previously mentioned, the MPU resets PK/ to a high state, thus keeping PAKINT
inactive-low.

When the MPU is in a power-up condition, and a COMM Pack is inserted into the
COMM Pack slot, the COMPKINT line immediately goes low. PAKINT goes active
high, alerting the MPU that the COMM Pack has generated an interrupt. The MPU
addresses the COMM Pack, reading its status and ID bits. Both PK/ and
COMPKIRQ are set low, disabling PAKINT via the exclusive-OR action of U370.
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Reading the COMM Pack's ROM

When reading the following description assume the RS-232C COMM Pack is
installed.

When the MPU board wants to read data from the COMM Pack ROM, it places the
ROM data address on the BBA[1:16] address bus. BLDS/ and BUDS/ are both logic
high, causing ABENABLE/ to enable the address buffer. This places address bits
BBA[1:16] onto the ACPK[0:15] bus. ACPK 15 (CROM/) is low, and enables the
COMM Pack ROM. The GLUE gate array logic sets PACKREAD logic low, causing
IO_READ_L to read the addressed data from the COMM Pack's ROM. This data
appears on the D[0:7] bus.

10_READ_L causes D[0:7] data to pass through the bi-directional data buffer to the
BDI[0:15] data bus.

Data Transmitting and Receiving

The MPU board can communicate with a COMM Pack in either byte (8-bit), or word
(16-bit) format. Currently, only byte communications is used. (Sixteen-bit
communication is described despite the fact that 16-bit word format is reserved for
future applications.)

Byte Read From COMM Pack. Data from the COMM Pack to the MPU has three
sources. Two of these sources are from within the COMM Pack; the third data
source is the host connected to the COMM Pack.

One source, the COMM Pack ROM, has been discussed under the heading Reading
COMM Pack ROM. The following describes how status and host communications
data is received from the COMM Pack.

The COMM Pack status byte is sent to the MPU as follows:

Either as initiated by the MPU, or as the result of a COMM Pack request for service
(COMPKIRQ going logic high), the MPU sets address bits BBA[1:3] to request the
status byte from the COMM Pack. ABENABLE/ goes low active to allow the
command code to pass to the ACPK[0:15] address bus. The COM_IC_SELECT signal
is low-active to enable the COMM Pack communications IC (in the COMM Pack).
When the GLUE gate array sets PACKREAD low, the status byte is strobed out of
the COMM Pack and onto the D[0:7] data bus. COMPKIRQ may then go low.
I0_READ_L will be low-active, placing the status byte onto lines 0-7 of the BD[0:7]
data bus.
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A read from the host occurs in much the same manner as a status byte read. The
1.81 MHz clock provides timing for the COMM Pack. When the COMM Pack has
assembled a byte of data to be sent to the MPU, it pulls up on the COMPKIRQ
interrupt line. The MPU responds, setting COM_IC_SELECT low-active and
requests COMM Pack status. Upon determining that the COMM Pack has a byte of
data to send, the MPU sets IO_READ_L low-active. COMPKIRQ is reset and the
data byte is strobed from the COMM Pack, through the data buffer, and onto lines 0-
7 of the BD[0:15] data bus. The cycle repeats, as needed.

Byte Write to COMM Pack. When data is to be written to the COMM Pack,
COM_IC_SELECT is low-active and PACKREAD is high active. PACKREAD causes
bits 0-7 on the BD[0:15] data bus to be placed on the D[0:7] data bus. PACKREAD
then goes logic low, enabling IO_READ_L to strobe the data byte into the COMM
Pack. The COMM Pack acknowledges receipt of the data byte by setting
COMPKIRQ active high. The cycle repeats, as needed.

8/16-Bit Communications. When the MPU discovers that a COMM Pack is
installed (as a result of power-up sequence or inserting COMM Pack following a
power-up sequence), it checks ROM Location 0 to determine what kind of COMM
Pack is installed. If, after communications with the COMM Pack, the MPU
determines a 1200-style COMM Pack is installed, it sets COMM Pack
communication parameters for 8-bit operation. (The A_LATCH/ and
SIZE_SELECT_8/16 signals are not used for 8-bit COMM Packs that can only
communicate in eight-bit bytes.) And, because the MPU software talks in data byte
format, only one data byte strobe (BLDS/) is active.

Should 16-bit wide COMM Pack be installed, communication between it and the
MPU would generally be as follows:

NOTE

The differences between byte (8-bit) and word (16-bit) data transfer are
associated primarily with COMM Pack data bus and address bus
operation.

If MPU software recognizes a 16-bit COMM Pack, then the MPU sets COMM Pack
communication parameters accordingly. SIZE_SELECT_8/16 selects between 8 and
16 bit communications. A_LATCH latches the data address into the 16-bit COMM

Pack.
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Refer to Figure 4-17. When data is to be written from the MPU to the COMM Pack,
the MPU sets both BLDS/ and BUDSY/ logic low. With PACK/ and
SIZE_SELECT_8/16 active-low (clocked by 10 mHz) and PACKREAD high, data is
transferred 16-bits parallel from the BD[0:15] data bus to the D[0:7] and ACPKI[7:14]
buses. The SIZE_SELECT_8/16 and A_LATCH signals allow the ACPK[7:14] lines
to be multiplexed for bits 8-15 of a 16-bit data transfer.

When data is to be written from the COMM Pack to the MPU, the basic difference is
that PACKREADY is logic-low to enable simultaneous transfer of 16 data bits from
the D[0:7] and ACPK[7:14] buses to the BD[0:15] bus.

ACPK[7:14] Address

Data X Address
|
1

PACK WRITE/READ =

A_LATCH—

8/16 P

e S -

Figure 4-17. COMM Pack read/write timing.
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Acquisition Module Interface (TekLink)

Introduction

Acquisition modules interface to an MPU board using TekLink, a high-speed serial
data interface. TekLink is the system interface for an analyzer system. It consists of
a 26-pin conductor bus used for serial data transfer between an MPU board and
acquisition modules, and for synchronization of events between acquisition modules.
TekLink identifies acquisition modules as being internal or external to a mainframe
system. TekLink protocol facilitates system configuration, acquisition module setup,
runtime control, and data read-back for any connected internal and external modules.

This material describes the TekLink Interface. The following subjects are explained:
e Physical description

e Signal descriptions

¢ Data transactions

e Acquisition module synchronization

¢ Thermal sense

¢ TekLink timing

¢ TekLink circuits

Physical Description

Separate but functionally identical links are provided for internal and external
acquisition modules. Internal acquisition modules reside in a mainframe that
contains an MPU board. External modules reside in expansion mainframes and
connect to an MPU using an external TekLink connector and cabling.

The minimum TekLink configuration consists of a host and one internal acquisition
module. Other configurations (see Figure 4-18) consist of up to two internal
acquisition modules (the MPU can handle up to eight internal acquisition modules),
and up to eight external acquisition modules residing in expansion mainframes (two
acquisition modules per expansion mainframe). The following describes the internal
and external TekLink connections.

Internal Module TekLink Connect. Internal acquisition modules attach to an
MPU board using a 26-conductor ribbon cable. This same method is used to connect
acquisition modules inside an expansion mainframe.
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Figure 4-18. TekLink interconnect block diagram. This diagram illustrates the internal and
external TekLink connections for the MPU boards. Only one acquisition module is
installed in a PRISM 3001E Mainframe (acquisition module connects to 671-0058-50
MPU board.)

External Module TekLink Connection. See Figure 4-18. The MPU board can
be daisy-chained to expansion mainframes via external TekLink cables. MPU
boards have an external TekLink out connector for this purpose. The Expansion
Mainframe contains an Expansion Mainframe Interface board that has both external
TekLink in and external TekLink out connectors for daisy-chain interconnect. Signal
termination is provided on the Expansion Mainframe Interface board.

NOTE

The external TekLink signals are functionally identical to the internal
TekLink signals. Refer to TekLink Circuit Descriptions later in this
section for explanation of signal source.

Signal Description

The following is a general description of the TekLink signals. Some signals are
followed by an "X". The "X" indicates signals used by both internal and external
acquisition modules, but which originate from different sources on the MPU board.

SIGNAL [1:4]. These general purpose signals are used between acquisition
modules to facilitate recognition of trigger occurrences. Signals are active-high, wire-
ANDed, and are synchronous with either SCLK, or with MCLK qualified with SCLK.

4-64 671-0058-XX MPU Board Service



Theory of Operation

SYS_TRIG~. This is the system trigger. It is a special purpose event line driven by
modules to correlate the occurrence of a user-defined system trigger condition. High
= armed; high-to-low transition = trigger; held low = hold-off. SYS_TRIG~ is wire-
ORed between modules; and is synchronous with either SCLK, or with MCLK
qualified with SCLK.

RUN. This is the run(stop) control signal from the MPU to start and stop an active
acquisition window for time base correlation. High = run; synchronous with either
SCLK, or with MCLK qualified with SCLK.

MCLKX. The 50 MHz master clock, differential ECL (+5 V) reference for all
TekLink transactions. It is sourced from the MPU.

SDX. A bi-directional serial data line used to transfer 16-bit address and data words
between acquisition modules and the MPU.

SCLKX. The 12.5 MHz serial data clock used for synchronous transmission of serial
data, handshake, and events. It is an AC CMOS signal derived by dividing MCLK by
4.

HSX. A bi-directional, serial-control data handshake line for shifting time-
multiplexed request/grant "frames" between host and modules.

NOTE

The MPU has separate handshake lines: HS for internal handshake
and HSX for external handshake.

DIRX. The direction signal from the MPU indicating direction of HS request/grant
data. For an example, refer to Figure 4-19. (See also Handshake Timing.) When
DIR is low, the first eight "frame bit times" of a 16-bit handshake frame are shifted
from the acquisition modules to the MPU with each rising edge of SCLK. When DIR
is high, grants (the last 16 bits of the handshake frame) are shifted from the MPU to

acquisition modules.

scuk Loy

wr lolslalalalslelzlaloliolilizlialiahsl
HS IR0 IR1 IR2 IR3 IR4 IRS IR6 IR7 1GOIGTIGR1G3IGAIGE1GB1GT |
SD 1150141131121111101 9181 716151413121 1101

Figure 4-19. DIR control of request/grant data frame.
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NOTE

All modules sample grant status during FBT 0 and the MPU samples
request status during FBT 8.

The DIR (internal TekLink) and DIRX (external TekLink) signals are functionally
identical but are individually buffered.

The purpose and function of TekLink signals are thoroughly explained in the
following descriptions.

Data Transfer Transactions

There are three modes of data exchange: immediate (read/write), block transfer
(read/write), and interrupt. With each communication mode, data is transmitted
serially in 16-bit words (frames) relative to both the 12.5 MHz serial data clock
(SCLK) and a request/grant handshake protocol. All three communication modes
share a common request/grant asynchronous handshake protocol.

Immediate Mode. Immediate mode is used for very short data transfers; e.g.,
register set-up, programming small non-sequential segments of memory, etc.

An immediate mode transfer is indicated when an acquisition module receives a
grant without having a currently outstanding interrupt request (see Handshake
below). An immediate exchange consists of two successive frames: a command
address frame and a data transfer frame. The command address frame is from the
MPU to the acquisition module. It signifies a read or write function (read = 1). The
16-bit data transfer (read or write) frame (B-E through B-0) is acquisition module
specific, i.e., address space depends on design of specific acquisition module.

NOTE

On an immediate read, the first serial data bit from the acquisition
module is clocked out using the same rising edge of SCLK used to clock
in command address BO. Therefore, in order to have time to prepare
data for transfer, the last few command address bits are not used.
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Block Transfer Mode. Block transfer mode is used to transfer large amounts of
data. The MPU initiates a block transfer (with two immediate writes) by first
resetting the acquisition module's address counter and then issuing a block transfer
enable command, i.e., turning on the acquisition module's block enable bit. With its
block enable bit set, the module continues to issue requests and either log in or
transfer data with corresponding grants from the MPU. This process continues until
a time-out. A time-out is defined as a minimum of eight consecutive requests from
an acquisition module for which it receives no grant from the MPU.

The MPU TekLink interface circuitry has two 4k-byte transfer buffers. It can
multiplex two concurrent block transfers to two different acquisition modules
simultaneously. The TekLink interface controls the length of the transfer. The
acquisition module keeps track of its current data transaction by incrementing its
address counter.

Interrupt Mode. Interrupt mode allows acquisition modules to assert a request for
service. A pending request remains active until serviced by the host via a grant. On
receipt of a grant, the acquisition module returns one word and clears its interrupt
enable bit.

NOTE

Interrupt mode and block transfer mode are mutually exclusive; i.e.,
before block transfer is enabled, interrupts are disabled so the
acquisition module is able to determine the receipt of a grant.

Handshake Protocol. A request/grant asynchronous handshake protocol is
common to all three data transaction (communication) modes.

Handshake consists of the bi-directional serial shift of data on the serial data (SD)
line. Initially, eight bits (a request) are shifted from the daisy-chained acquisition
modules to the MPU; then eight bits (a grant) are shifted from the MPU to the
acquisition modules.

NOTE

There are separate HS (handshake) signal lines for internal and
external modules.
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At the instant in time when all eight bits have been shifted out from the MPU, any,
or all acquisition modules may assert a request by setting the FBT (frame bit time).
The eight request bits are then shifted back to the MPU for interrogation. The MPU
responds with a grant by re-asserting the FBT of the corresponding acquisition
module and shifting the handshake word back to the acquisition modules.

Requests are shifted in as FBT-0 through FBT-7; grants are shifted out as FBT-8
through FBT-F. On FBT-F, each acquisition module checks to see if it has received a
grant. If a module detects a grant but has no outstanding request, an immediate
mode (unsolicited) transaction occurs. If the module has an outstanding request, the
grant is the response to either an interrupt request or a block request. Transactions
occur accordingly. If no grants are detected, an idle state is implied. If a module
asserts a request and receives no grant for at least eight consecutive frames, the
module will "time out."

Acquisition Module Synchronization

TekLink facilitates synchronization of events between acquisition modules using four
SIGNAL lines, the RUN(stop) line, and the SYS_TRIG~ (system trigger) line. All
system run-time activities on these lines are synchronized with the 50 mHz master
clock (MCLK) and the 12.5 mHz serial data clock (SCLK). (SCLK is derived from
MCLK and therefore maintains continuous phase synchronization.)

SIGNAL Lines. The four SIGNAL (SIGNAL [1-4] lines are open collector, wire-
ANDed, true high signals. Any acquisition module may drive and/or monitor these
lines. If a module is not programmed to participate on the SIGNAL event lines, its
drivers will have been instructed to float high. Modules which participate in
determining trigger conditions must maintain the appropriate SIGNAL event line
low until their specific condition has been satisfied, after which it can drive the line
high.

RUN. The RUN signal line is driven by the MPU to define an active acquisition
window across all acquisition modules, except those which have been programmed to
the OFF state. (An OFF state module will not participate in an acquisition or
display.) RUN is activated relative to a user's START/STOP key. The acquisition is
stopped by a re-acquisition of the START/STOP key or by MPU recognition of module
done status (this is done using run-time polling).
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System Trigger. The system trigger (SYS_TRIG~) line is a wire-ORed signal,
driven by acquisition modules. It is used to synchronize acquisition events among
acquisition modules.

There are two types of user-programmable triggers: (1) module trigger and (2)
system trigger. Only a system trigger causes modules to assert the SYS_TRIG~
signal line.

NOTE

A trigger signal at the MPU external TRIG IN port is treated as a
system trigger.

System triggers always have precedence over module triggers. Consequently,
occurrence of a system trigger causes all modules to trigger, regardless the status of
individual module triggers.

NOTE

If a module is in "not off state,” and is not programmed to participate in
a system trigger event, it must be instructed to float its TekEvent trigger
driver high.

Refer to Figure 4-20.

When RUN is initially asserted at the beginning of an acquisition cycle, the
SYS_TRIG~ line may be in either an armed state (high) or a hold-off state (low).
(Hold-off implies that one or more modules need a pre-fill period prior to a trigger-
arm state.) When the last module satisfies its requirements, it allows the
SYS_TRIG~ line to go to the arm state (high). Any module which has been
programmed to participate in a system trigger SIGNAL event, may subsequently
assert the SYS_TRIG~ line (low) when its trigger conditions are satisfied.

Following a high-to-low transition of the SYS_TRIG~ signal, all modules will hold
the SYS_TRIG~ line in the hold-off state until their post-fill (and possible
subsequent pre-fill) conditions are satisfied. The last module to satisfy its
requirements allows the SYS_TRIG~ line to again return to the arm (high) state.
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Run Stop
RUN [ ]
SYS_TRIG~_~—~"~"~""~"— | N
Prefill ARM TRG HOLDOFF ARM TRG

Figure 4-20. Typical system trigger functions during a RUN cycle.

As shown in Figure 4-20, there may be more than one SYS_TRIG~ within a single
RUN cycle. This occurs to facilitate filling of partitioned memories. These memory
partitions may be filled by either a module's trigger or by a system trigger. For
example, if a module has partitioned memory and a system trigger occurs, only the
"current" memory partition is filled. (Current partition is defined as the next
available partition in a sequence of partitions.) The module will also participate in
trigger hold-off. The remaining (subsequent) partitions will fill relative to their user-
programmed trigger conditions for a module and/or system triggers. Finally, via
continuous status polling, the MPU detects and terminates the RUN cycle.

Throughout a RUN cycle, the MPU constantly polls acquisition modules to determine
status. When all modules indicate "done," i.e., no pending module or system triggers,
the MPU signals STOP to all modules by lowering the RUN signal line. If a user
terminates a run cycle using a system START/STOP key (hardware), the display
trigger indicator (on system display device) will be positioned at stop, but only if no
triggers have occurred. If the run cycle terminates as the result of all trigger
conditions being satisfied, the most recent trigger (whether a module or system
trigger) is used as the display trigger indicator.

Thermal Sense

The thermal sense line (THERM) provides the capability for an acquisition module to
cause total system power shut-down if a module detects an over-temperature
condition. All acquisition modules are wire-ORed to this line. Should an acquisition
module experience a thermal problem, a thermal switch (mounted on the acquisition
module) pulls this line to ground. When the MPU detects less than 500 ohms to
ground on the THERM line (asserted by any module), an SCR in the MPU board's
power control circuit shuts down the mainframe’s power supply. When the thermal
switch opens, power will be restored. Refer to Section 8, Troubleshooting, for
additional information regarding this signal line.
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TekLink Timing

The following serial data and handshake timing specifications are referenced to the
TekLink connector at the acquisition modules.

Serial Data Timing. Refer to Figure 4-21 and 4-22. Data is transmitted to and
received from acquisition modules in 16-bit data words on the bi-directional SD
signal line. Data is synchronous and is clocked with either SCLK, or with the first
phase of MCLK. Data exchange between the MPU and an acquisition module occurs
on FBT 0 when the active module tri-states and the next authorized device module
enables its tri-state drivers. Note that the MPU enables its tri-state drivers with the
falling edge of SCLK during FBT 0.

1 2 3 4
"ﬁ,.—r}r.]}" Sy Sy N oy Sy S N gy N gy W72
] ]
-/l=FBT 15* FBTO 4’:‘7 FBT 1 *FBT rey e g

scx__J—_———l__—j———_L_—_J,——//.
; i : ]
]
| RRXRX DTS SN\N77777777 T SNNY
RO D15
] |
> —pBE—

o4
-

/.

A. Tri-state 1o Data = 40 min. to 65 max.

B. Next SCK to Data Invalid = 5 min.

C. Next Data Valid = 65 max. (Typical = 25)
D. Data o Tri-State = 25 max.

MODULE READ (Set-up/Hold)
E. Set-up = 10 max.
F. Hold = 5 min.
G. MCK 10 SCK = 9+/-6 (MCK = 50 MHz; SCK= MCK + 4)

Figure 4-21. MPU write/module read timing.
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sb _D3 XX D-15
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A. Tri-state to Data = 5 min. to 25 max.
B. Next SCLK to Data Invalid = 25 max.
C. Next Data Valid = 25 max.

D. Data to Tri-State = 25 max.

HOST READ (Set-up/Hold)

E. Set-up = 10 max.
F. Hold =5 min.
G. MCLK to SCLK = 9+/-6 (MCLK = 50 MHz; SCLK= MCLK + 4)

Figure 4-22. Module write/MPU read timing.

Handshake Timing. Two handshake timing diagrams are provided. Figure 4-23,
shows the timing characteristics of the HS signal line. Figure 4-24 shows the timing

-relationships of the SIGNAL[1:4], SYS_TRIG~ and RUN signals lines in relation to
MCLK and SCLK.
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B. Next SCLK to Grant Invalid = 5 min. F. Hold = 5 min.
C. Next Grand Valid = 65 max. (typical = 25)
D. Grant 0 to Tri-State = 25 max.
G. SCLK to DIR = 5 min. to 40 max.
HSI! Write (delay) HSO Write (Set-Up/Hold)
a. Tri-State to Request -0 = 40 min. to 65 max. e. Set-Up = 10 max
b. Next SCLK to Request Invalid = 5 min. f. Hold = 5 min.
c. Next Request Valid = 65 max.
d. Request -7 to Tri-State = 25 max.

Figure 4-23. Handshake timing.
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PHASE-2 + PHASE-3

L1 |

SIGNAL [1-4],
SYS_TRIG~, RUN

VA T -

SIGNAL [1:4], SYS_TRIG~, RUN (Delay is in Nano-Seconds)
A. MCLK to SCLK = 9+/- 6
B. MCLK-2 to SIGNAL, SYSTEM_TRIG~, RUN Assert = 0-5

SIGNAL [1:4]), SYS_TRIG~ (Set-Up and Hold)
C. Set-Up to SCLK = 20 max.
D. Hold from SCLK = 5 min.

Figure 4-24. SIGNAL, SYS_TRIG~, and RUN timing.

SIGNAL[1:4], SYS_TRIG~, and RUN signal lines are synchronously asserted relative
to the rising edge of MCLK phase 2 or the rising edge of SCLK. SIGNAL[1:4],
SYS_TRIG~ and RUN signal lines are sampled relative to the rising edge of SCLK or
the rising edge of MCLK phase 1.
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Circuit Descriptions
Refer to Figure 4-25. The TekLink Interface is comprised of the following circuits:

¢ TekLink gate array

e TekLink RAM

e TekLink clock

e SIGNAL line buffers

e External trigger and level shift
e Trigger and Run delay

Read the preceding signal and protocol descriptions before reading the following
circuit descriptions. Refer to MPU Board Schematics 15-19, and the MPU Board
Detailed Block Diagram in the Diagrams section when reading the following.

TekLink Gate Array. This 120-pin gate array (U720) functions as the controller
between the MPU data/address buses and the acquisition modules connected to the
TekLink interface. It manages all communications protocol. For additional
information about TekLink Protocol refer to the preceding Data Transfer
Transactions description. Section 3 contains an illustration that shows the pin/signal
assignments for the TekLink gate array.

TekLink RAM. Refer to MPU board Schematic 18 in the Diagrams section.
TekLink memory consists of two 8K X 8 (64k bit) RAM chips. This memory is
primarily used for temporary storage of data to/from an acquisition module.

TekLink Clock. Refer to MPU Board Schematic 16. The TekLink clock develops the
MCLK and SCLK clocks from a 100-mHz oscillator and clock divider circuits.

+3VDC Power Supply. Refer to MPU board Schematic 16. A +3V supply is
developed from +5 V by 3V regulator LM337. This voltage is used by the oscillator
and UG05. U605 is used to establish ECL thresholds for selected TekLink comparator

circuits.

U610 provides a 50-mHz clock for MCLK and a 12.5-mHz clock for SCLK. Both
MCLK and SCLK are clocked on the rising edge of the 100-mHz clock.

Functionally, the MCLK and MCLKX signals are identical; the MCLK and MCLK/

signals are routed to internal modules and the MCLKX and MCLKX/ signals are
routed to external modules. The same is true for the SCLK signals.
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SIGNALI1:4] Line Buffers. The signal line buffer (U713) protects the TekLink gate
array from any catastrophic failure on a SIGNAL[1-4] line. The VE1-VE4 signals are
exercised by diagnostic software to test the TekLink Gate array and associated
circuits.

External Trigger and Level Shift. Refer to MPU Board Schematic 19. This circuit
accepts TTL-level signals from the TRIG IN BNC connector and converts them to
buffered ECL-level SYS_TRIG~ signals. The SYS_TRIG~ signal then triggers, or
enables, an MPU board/mainframe system. It also accepts an ECL-level system
trigger and converts it to a TTL-level signal, presenting it at the TRIG OUT BNC
connector. This circuit functions as follows:

Transistor Q850B is a non-inverting buffer/amplifier for the TRIG IN signal to pin 10
of U753B. R753 is used to adjust the "0" (OFFSET) point at pin 10 of U753B. (Q850A
provides a constant current source for the hi-impedence input.)

If a X1 probe is connected to J860, the TRIG IN signal level at pin 10 of U7 53Bis 1.4
V. If a X10 probe is used, the signal level is 0.14 V. A comparator circuit (consisting
of U753A and voltage divider R756, R758, and R759) provides appropriate comparison
voltage at pin 9 of U753A to enable a low-going output from U753A. (If a X10
attenuation trigger input probe is used at J860, the probe connector contacts the
outer.ring of the TRIG IN BNC. This causes the comparator circuit to reduce the
voltage at pin 9 of U753 t0 0.14 V.) The low-going output from U753A is inverted by
U655A, causing the SYSTRIG signal line to go high-active.

The SYSTRIG signal can also be exercised by diagnostic software. This occurs when
system diagnostic routines cause the TekLink gate array to set the ETRG (external
trigger) signal low-active.

SYSTRIG enters the trigger and run delay circuit, where the SYS_TRIG~ signal to
the acquisition modules is delayed two SCLK clock times.

The external trigger and level shift circuit accepts an ECL-level trig_100 signal from
trig and run delay circuit. This ECL-level signal is converted to a TTL-level signal
and made available at the J950, TRIG OUT connector. This signal is useful in
triggering or enabling other external instruments.
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Trig and Run Delay. Refer to MPU Board Schematic 15. This circuit consists of
two count-down registers. One counter provides delays for the SYS_TRIG~ and
trig_100 signals; the other counter delays the RUN signal.

Upon receipt of a SYSTRIG signal from the external trigger circuit, the TRIG delay
register delays the SYS_TRIG~ signal two SCLK times. The trig_100 signal is
delayed three SCLK times.

Upon receipt of a Run_Stop signal from the TekLink gate array, the RUN delay
register delays the RUN signal two SCLK times. The VRS signal is delayed three
SCLK times.
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Section 5
VERIFICATION AND ADJUSTMENT PROCEDURES

INTRODUCTION

This section contains three parts: Functional Check Procedures, Performance
Verification Procedures, and Adjustment Procedures. This information enables a
qualified service technician to verify MPU board operation and to perform
adjustments.

NOTE

The verification procedures in this manual do not provide a detailed
verification for acquisition modules. Refer to their respective service
manuals for related procedures.

The following provides a brief definition for each type of procedure:

¢ Functional Check Procedure. These procedures may be used as an incoming
inspection to verify that the MPU board is functioning properly within a
Mainframe system.

e Performance Verification Procedures. These procedures provide a detailed
check of the product specifications. Specifications listed in the performance
requirements column of Section 2, Specifications, can be verified using these
procedures. Under normal circumstances, the Functional Checks within these
Performance Verification Procedures provide an adequate test of product
performance. (The actual performance verification procedures may be both time-
consuming and costly due to their procedural detail and equipment requirements.)

o Adjustment Procedures. These procedures describe how to adjust the MPU
board to meet specifications. If the MPU board cannot be adjusted to meet
specifications, then repair is necessary. :

REQUIRED TEST EQUIPMENT

Table 5-1 lists the test equipment required to perform the procedures listed in this
section. Specifications given for the test equipment are the minimum necessary for
accurate verification and adjustment of the MPU board. All test equipment must be
accurately calibrated and operating within the given
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specifications. If equipment is substituted, it must meet or exceed the specifications
of the recommended equipment. Common hand tools used in these procedures are
not listed.

Table 5-1
REQUIRED TEST EQUIPMENT
EQUIPMENT SPECIFICATIONS EQUIVALENT TEK INSTRUMENT
Oscilloscope 350 MHz, Dual Channel Tektronix 2467
2 ea. scope 1.3 Meter Tektronix P6136
probes

Digital Multimeter
Pulse Generator

4-digit, 0.1% DC accuracy
250 MHz

Tektronix DM502A
Tektronix PG502

Universal Counter/ 350 MHz Tektronix DC5010 with P6125
Timer Probe

Power Module Tektronix TM5002-Series Power
Mainframe Module

50 Ohm coax with RG58 012-0208-00

BNC connectors

System Diagnostic 063-0165-00 (for 3002 systems)
Disk 062-9925-XX (for 2510 systems)
Extended 3000 System 062-9908-00

Diagnostics Disk

Test Adapter RS-232C 013-0173-01 (RS-232C Loop-back

Connector)

OPERATING A MAINFRAME IN THE SERVICE POSITION

As stated earlier, the MPU board and one or two acquisition modules will usually be
installed in a mainframe. In most cases, you must place these boards in a "servicing
position" to perform troubleshooting and servicing functions. Refer to Physical
Placement of Modules for Troubleshooting in Section 6 of the applicable mainframe
service manual for instructions on how to place these modules in a service position.

Cooling fan blades are not completely shielded. Therefore, after
removing the wrap-around top cover, guard against injury by keeping
fingers and loose objects away from the moving blades when operating
the instrument in the service position.
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CAUTION

When operating a mainframe with the wrap-around top cover removed,
the fan(s) cannot provide adequate cooling for any installed /connected
acquisition module(s). This is also true for versions of the mainframe
that have two fans. To provide adequate cooling, position another fan
to blow air across the MPU board and attached acquisition module(s).

FUNCTIONAL CHECK PROCEDURES

All Systems

A functional check of the MPU board and connected modules can be easily done by
exercising selected System Diagnostic Software routines. These test routines are
contained on the System Diagnostics Floppy disk. Refer to Section 9 for instructions
that explain how to exercise diagnostic software.

Table 9-1 (refer to Section 9) lists test routines for the MPU, Hard Disk, and COMM
Pack modules. You can exercise these routines as part of a functional check or
incoming inspection procedure. The routines contained on your diagnostic floppy .
disk will match your system configuration. For example, if your mainframe includes
a hard disk module, your diagnostic disk will contain diagnostic files for the Hard
Disk Controller board and Hard Disk drive.

NOTE

Verification procedures and diagnostic routines for installed
. acquisition modules are described in separate acquisition module
service manuals.

In addition to the functional checks provided by exercising the routines listed in
Table 9-1, MPU board boot code automatically verifies critical circuitry in the
microprocessor kernel each time system power is cycled or the system is reset. No
operator intervention is needed. Kernel tests exercised are:

* ROM verification test

ROM checksum test

RAM verification test

Floppy interrupt circuit test

Floppy and Hard Drive Verification Test

The operating system will not boot if an error is detected in any of the above kernel
tests. Refer to Kernel Diagnostic Tests in Section 8 for a detailed description of these
tests.
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PERFORMANCE VERIFICATION PROCEDURES

Introduction

Performance verification procedures check specifications listed in the performance
requirements column of Table 2-2. (Items listed in the performance requirements
columns are specifications that the MPU board must meet.) If verification of the
listed electrical specifications is required for incoming inspection or other purposes,
perform the appropriate procedures outlined herein, as well as the MPU board
adjustments described later in this section. The successful completion of the
following procedures and tests will verify the performance of an MPU board:

¢ Functional Check Procedures
¢ Extended Diagnostic Tests

¢ Processor Clock Frequency Tests

Functional Check Procedures

Perform the Functional Check Procedures as previously stated. After all functional
checks have been performed, then continue the performance verification procedures
by performing Extended Diagnostic Tests.

Extended Diagnostic Tests

Extended MPU board diagnostic software is available for users who wish to perform
detailed verification of the floppy controller and drive circuits, the video controller,
and and display modules. This software is available on a separate floppy disk or as
part of a service kit. Contact your Tektronix representative if you need this
software.

Table 9-2 (in Section»9) lists the routines provided by Extended Diagnostic Software.

NOTE

Performance verification and diagnostic routines for acquisition
modules are described in separate acquisition module service manuals.

Refer to Section 9 for instructions that describe how to exercise Extended Diagnostic
Software.

After all Extended Diagnostic Tests have been performed, continue the performance
verification procedures by checking MPU board clock frequencies.
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MPU Board Clock Frequency Tests

Perform the following clock frequency tests to ensure that the MPU board can
function as specified. If any of the following clocks do not meet performance
specifications, replacement or repair of the MPU board may be required.

¢ Processor Clock Test
¢ TekLink Clock Tests

* Trigger IN and Trigger OUT Test

See Figure 5-1 for test point (probe connection) locations when performing the
following verification procedures.

Processor Clock Test

The 68010 receives a 10 MHz clock from the GLUE gate array. A master oscillator
inputs a 40 MHz frequency to the GLUE gate array, which it divides using internal
circuits to generate several system clocks. The 10 MHZ processor clock is one of
these clocks critical to processor timing. If the 10 MHz clock does not meet
specification, then suspect the 40 MHz oscillator, or the GLUE gate array IC.

1. Set oscilloscope controls as follows:

Input Sensitivity 1V/DIV

Input Coupling DC

Display Mode CH1

Timebase 20nS/DIV

Trigger Mode NORMAL
INT (Internal)
DC Coupling

Trigger Source CH1

Trigger Slope +(Positive)

2. Connect Channel 1 probe to U518 pin 55 (see Figure 5-1 for pin 55 location).
3. Check that the 10 MHz Clock period is 100 ns +/- 0.1% with a 50% duty factor.
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Figure 5-1. MPU board test point and adjustment locations.
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MCLK TekLink Clock Test

The TekLink Interface uses several master clocks to control MPU-board to-
acquisition module-interface-timing. These clocks are MCLK and SCLK. Both
clocks are derived from a 100 MHz master clock frequency. Use the following
procedures to verify the MCLK clock:

1. Set oscilloscope controls as follows:

Input Sensitivity 500 mV/DIV
Input Coupling DC

Display Mode CH1

Timebase 5 nS/DIV

Trigger Mode NORMAL
INT (Internal)
AC Coupling

Trigger Source CH1

Trigger Slope + (Positive)

2. Connect Channel 1 probe to U710, pin 2. (See Figure 5-1 for pin locations).

3. Check that the M_CK clock period is 20 ns (50 MHz) +/-0.1% with a 50% duty
cycle.

4. Repeats Steps 2-3 for MCLKs at U710 pins 3, 14, and 15.

SCLK TekLink Clock Test
Use the following procedures to verify the SCLK clock:
1. Set oscilloscope controls as follows:

Input Sensitivity 2V/DIV
Input Coupling DC

Display Mode CH1
Timebase 10 nS/DIV
Trigger Mode NORM
INT (Internal)
AC Coupling
Trigger Source CH1
Trigger Slope + (Positive)

2. Connect Channel 1 Probe to U708, pin 9.

3. Check that S_CK clock period at pin 9 is 80 ns (12.5 MHz) +/-0.1% with a 50%
duty cycle.
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TRIG IN/TRIG OUT Test

This procedure verifies the functioning of the trigger in and trigger out circuits.
Proceed as follows:

1.

Set oscilloscope controls as follows:

Input Sensitivity 10V/DIV
Input Coupling DC

Display Mode CH2
Timebase 1 mS/DIV
Trigger Mode AUTO
INT (Internal)
DC Coupling
Trigger Source CH2
Trigger Slope + (Positive)
Set PG502 Pulse Generator controls as follows:
BACK TERM push switch in
NORM IN/OUT set to + position
VARIABLE PULSE DURATION turn all the way CCW
VARIABLE PERIOD turn all the way CCW

2. Using a 3-foot, 50Q coax cable, connect the PG502 to CH 1 of the oscilloscope.

Adjust PG502 SIGNAL OUT, using high and low output voltage knobs, for a1
kHz, 4-volt peak-to-peak signal with a low of 0 volts and a high of 4 volts.

Disconnect the PG502 output from the oscilloscope and connect it to the TRIG
IN BNC connector on the MPU board.

Connect a 50Q coax cable from TRIG OUT connector on MPU board to the CH 1
input of the oscilloscope.

Check that the MPU board has TRIG OUT signal of about 4 Vpp with a 1
kilohertz frequency.
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7. Check the 10X probe circuit on the MPU board as follows:
a. Disconnect oscilloscope from MPU board.
b. Change the VOLTS/DIV setting of oscilloscope to 100 MV.

¢c. Reconnect the PG502 to CH1 of oscillosope and adjust PG502 output for a 400
mv peak-to-peak, 1 kilohertz signal.
d. Return oscilloscope VOLTS/DIV setting to 10V/DIV.

e. Disconnect PG 502 from the oscilloscope and connect the oscilloscope and the
PG502 to the MPU board as in Step 4 and Step 5 above.

f. Short the outside ring of the TRIG IN connector to the outside of the BNC
connector (see Figure 5-2).
g. Check that a 1 kHz, 4 vpp signal is available at the TRIG OUT connector.

8. Remove coax cables.

MPU Board Backpanel

TRIG IN
f— J860

Short
Outer Ring
to BNC
Connector
(Use Tip of
Common l

Screwdriver
after BNC is
Connected

to J860)

Figure 5-2. Testing the 10X TRIG IN circuit.
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ADJUSTMENT PROCEDURES

Introduction
The MPU board contains three adjustments:

1. Clock Calendar Oscillator Adjust
2. Three-volt ECL Termination Voltage Adjustment
3. Trigger In/Trigger Out Comparison Adjust

In addition, a procedure for setting the "day,” "month," and "time" is provided.

The following adjustment procedures are written assuming that the MPU board is
connected to other mainframe components, that it is in the servicing position to allow
access to the adjustments, and that the instrumentation system is powered-up.

Refer to Section 6 in the applicable mainframe service manual for instructions on
how to position the MPU board for servicing.

Clock Calendar Oscillator Adjust

This adjustment ensures that the calendar clock oscillator is set to meet performance
requirements. Proceed as follows (Refer to Figure 5-1 to locate probe test points):

1. Set the DC5010 Digital Counter controls as follows:

CHANNEL A

TERM 1M
ATTEN X5

SLOPE - (negative)
COUPLING DC

2. Adjust CHANNEL A of the DC5010 for a reading of 500V. Set the AVG for -1.
Push the PERIOD A button to set up period measurement.

3. Connect the P6125 Probe to CHANNEL A of the DC5010. (Ensure that the
probe is compensated according to instructions in the DC5010 instruction
manual.)

4. Connect the P6125 Probe to J460 on the MPU board. See Figure 3-1 for location
of J460.

5. Enter Diagnostics mode by pressing the UTIL key to call up Save/Restore
operations. Using RAM operations, load the diagnostics (diags) file from the
Diagnostic disk into system RAM. (Refer to the system's users manual for
instructions on how to use RAM operations to load a software module.)

6. When the diagnostic menu is displayed, use the cursor keys to select Clock
Adjust under MPU Module.
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Move the cursor to the Routine field and press the F2 (START) function key.
Then follow the instructions given at the top of the user screen.

Check that the DC5010 displays a period measurement and that the GATE LED
flashes.

Adjust C455 on the MPU board (see Figure 3-1 for location of C455) for a period
of 1.00000000 seconds.

Press F1 (STOP) function key to exit the test.

Set Time/Date Procedure
Use the following procedure to set the "Day,” "Month," and "Time" of the clock

calendar:

Enter Diagnostics mode as described in Step 3 of the Clock Calendar Oscillator
Adjust procedure.

When the Diagnostic Menu is displayed, use the cursor keys to position the
cursor over Set Time /Date under the MPU Module. Press the SELECT key.

Move the cursor to the Routine field, set to 1, then press F5. The following
display appears on the screen.

"DAY" "MONTH" "TmE ”

Using either the SELECT key or Keypad, set the correct "Day,” "Month,” "Time,"
and "Year." Verify that the seconds change by watching the seconds get "ticked
off. ”

Exit test by pressing F1 (STOP) function key.
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Three-Volt ECL Termination Voltage Adjust

Plus three volts is used as an ECL threshold voltage for selected TekLink circuits.
Use the following procedures to adjust the ECL voltage (See Figure 5-1 for test point
and adjustment locations):

1. Set the 502A Digital Multi-Meter to 20 V range.
2. Connect black (gnd) lead of DMM to J505 pin 2 (gnd).

3. Connect red (positive) lead of DMM to left end of C506 and note the reading of
+5 VDC (VCC).

4. Connect the red (positive) lead of DMM to right end of C506.

5. Adjust R500 to set voltage to exactly 2.0 volts below +5 VDC voltage measured
in Step 3 above.

SYSTRIG Signal Comparison Adjust

Use the following procedure to set the compare input of U753B to 0.0 VDC (see Figure
5-1 for test point and adjustment locations):

1. Set DMM to 200 mV.

2. Connect the black (gnd) lead of the DMM to the metal stiffener that runs down
the center of the MPU board.

3. Connect the red (positive) lead of the DMM to pin 10 of U753
4. Adjust R753 for a reading of 0.00 mV.
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Section 6
DISASSEMBLY/ASSEMBLY

GENERAL INFORMATION

The MPU board consists of the electrical circuit board, electrical components, and
miscellaneous mechanical parts.

Except for the removal/replacement of failed electrical components, there is no
disassembly/assembly required for the MPU board. A blow-up illustration in the
Mechanical Parts list (Section 11) shows the physical assembly of the MPU board
and miscellaneous mechanical components.

Instructions on how to remove/install an MPU board from/into a mainframe are
contained in the applicable mainframe service manual.

Refer to Section 7, Servicing (this manual), for instructions on how to remove/replace
the battery used by the calendar chip.
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Section 7
MAINTENANCE

INTRODUCTION

This section contains the following information:
¢ Maintenance tools

e General maintenance precautions

¢ Preventive maintenance information

e Corrective maintenance information

MAINTENANCE TOOLS

The tools most often needed when servicing an MPU board are those typically found

in an electronic technician's tool kit. Special tools and supplies include:
e 15 W soldering iron
¢ 60/40 rosin core solder

¢ IC desoldering tool

MAINTENANCE PRECAUTIONS

Be sure to observe standard electrical precautions if the MPU board is
in the service position when connected to other instrument modules
(application modules, power supply, disk drives, etc.). Dangerous
electric-shock and mechanical hazards may be exposed when
mainframe and power supply covers are removed. The fan is also
exposed. Section 6 in the applicable mainframe service manual
describes how to place the MPU and acquisition modules in service
positions.
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Soldering

Most electrical components are soldered in place.

CAUTION

If it is necessary to replace a soldered part, use a 15 W soldering iron to
prevent heat damage to the circuit board or components. Excessive heat
will lift circuit runs on the circuit board.

Refer replacement of soldered multi-pin gate arrays to a Tektronix service center
where appropriate desoldering tools are available.

The flux in solder may leave a residue on the circuit board that can provide a high-

resistance leakage path and affect electrical operation. Be sure to clean off this
residue with isopropyl alcohol.

Static Precautions

CAUTION

Static discharge can damage any semiconductor on this circuit board.

Observe the following precautions to avoid damage:
¢ Minimize handling of static-sensitive components.

 Transport and store static-sensitive components in their original containers, on a
metal rail, or on conductive foam. Label any package that contains static-
sensitive components.

¢ Discharge static voltage from your body by wearing a wrist strap when handling
these components. Servicing static-sensitive components should be performed
only at a static-free workstation by qualified service personnel.

 Don't put anything capable of generating or holding a static charge on the
workstation surface.

¢ Avoid handling components in areas that have a floor or work-surface covering
capable of generating a static charge.

» Keep component leads shorted together whenever possible.
* Pick up components by the body, never by the leads.

¢ Do not slide components over any surface.

e Use a soldering iron that is connected to an earth ground.

* Use only special anti-static suction type or wick desoldering tools.
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NOTE

Damage to electrical components may not be immediately apparent.
Always follow the precautionary measures previously listed when
handling static-sensitive components.

AC Voltage Select Switch

CAUTION

Be sure that the VOLTAGE SELECT switch on the mainframe's power
supply and the Color CRT monitor are set for the AC voltage being
used. If not set to match the AC voltage, power supplies can be
damaged.

PREVENTIVE MAINTENANCE

Preventive maintenance consists of periodic cleaning and inspection. Accumulation
of dust on components acts as an insulating blanket and prevents efficient heat
dissipation. This condition can cause overheating and component breakdown.
Periodic cleaning and inspection reduces instrument breakdown and increases
instrument reliability.

Cleaning

The MPU board and associated modules should be cleaned as often as the operating
environment requires. A convenient time to perform these procedures is
immediately prior to troubleshooting or other maintenance-related activity. Perform
these procedures more often if required by the operating environment.

CAUTION

Cleaning should be done with a dry, low-velosity stream of airand a
soft-bristle brush. If liquid cleaning is necessary, spray-wash dirty
parts with isopropyl alcohol, denatured ethyl alcohol, or a solution of
1% mild detergent and 99% de-ionized water. Then, use de-ionized
water to THOROUGHLY WASH all parts. IMMEDIATELY DRY all
parts with a low speed air blower.

DO NOT use fluorocarbon-based spray cleaners or chlorinated
hydrocarbon cleaners; they may damage the circuit board material or
plastic parts, and they may leave a dust-collecting residue.

To prevent damage from electrical arcing, ensure that all circuit board
connectors are completely dry. Do this by heating the board in an oven
at 75 degrees Celsius (176 degrees Fahrenheit) for 15 minutes before
installing into a mainframe and applying power.
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Inspection

Inspect internal modules for broken connections, poorly-seated components, leaking
capacitors, damaged hardware, and heat-damaged components.

Repair any obvious problems. However, take particular care if you find any heat-
damaged parts. Overheating usually indicates other circuit problems. To prevent
recurrence of the damage, find and correct the cause of the overheating. Note that
replacement of electrical components may necessitate readjustment of circuitry.
Refer to the Replaceable Electrical Parts, Section 9 for a list of part and component
descriptions.

CORRECTIVE MAINTENANCE

Corrective maintenance includes the following:
¢ Obtaining replacement parts

¢ Circuit board pin replacement

Obtaining Replacement Parts

Electrical and mechanical parts for the MPU board can be obtained through your
Tektronix field office or representative. However, many of the standard electrical
components can be obtained locally. Before purchasing an ordinary part, check the
Replaceable Electrical Parts section for a listing of value, rating, and description.

NOTE

Check the parts lists before replacing electrical components. If the part
is called out as screen or burned-in, the replacement part must also be
screen or burned-in or the repair will not be effective.

When selecting replacement parts, remember that the size and shape of
a component may affect its performance. All replaceable parts should
be direct replacements.

Some of the mechanical and electrical parts are manufactured by Tektronix. Other
parts are manufactured by Tektronix to satisfy particular design requirements or are
manufactured to certain specifications for Tektronix. To determine the
manufacturer of a part, refer to the Parts List Cross Index of Code Number to
Manufacturer, found in the Replaceable Electrical Parts section.
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When ordering replacement parts from Tektronix, include the following information:
¢ Instrument type

e Instrument serial number

o Description of the part (if electrical, include the component number)

¢ Tektronix part number

Circuit Board Pin Replacement

On occasion, it may be necessary to repair a circuit board connector pin. A circuit-
board pin replacement kit, including the necessary tools, instructions, and
replacement pins with attached spare ferrules, is available from Tektronix. Contact
your Tektronix Service Representative for ordering information.

CAUTION

Use extreme care when replacing circuit-board pins. Most circuit
boards have conductive paths between the top and bottom board layers.
All soldering, removal, and re-insertion of pins must be done with care
to prevent breaking any electrical paths on the board.

Refer to Figure 7-1 when performing the following pin replacement procedures:

1. Use a 15 W soldering iron to unsolder the pin while pushing it out of the board
with a pair of pliers. If the pin is too short to use pliers, push it out with any
round device not over 0.28 inches in diameter.

2. If the ferrule remained in the board, go to Step 3. If the ferrule came out with
the pin, go to Step 4.

3. If the ferrule remained in the board, do the following:
a. Carefully ream out the solder with a 0.31 inch drill.

b. Remove the ferrule from a new pin and insert the new pin into the old
ferrule in the same position as the old pin.

c. Go to Step 5.
4. If the ferrule came out with the pin, do the following:
a. Clean the excess solder out of the hole with a solder-removing wick and a
scribe.
b. Insert the new pin with ferrule in the same position as the old pin.

c. Go to Step 5.

5. When the new pin is properly placed, carefully solder it on both sides of the
board.

6. Clean any remaining residue from the board according to the cleaning
instructions given earlier in this section.
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Figure 7-1 Circuit board pin replacement.

CALENDAR IC BATTERY REPLACEMENT

A lithium battery is used to power the clock-calendar IC. Lithium batteries have a
useful life of about three years and therefore must be replaced on a periodic basis.
Battery voltage should be checked on both a periodic basis and whenever the
calendar appears to be functioning in an abnormal manner. Use the following
procedures to (1) determine the condition of the battery, and (2) remove/install a

battery.
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Testing the Battery

The battery is a 3.0 volt lithium battery placed in a socket on the MPU board. If the
battery voltage drops below 2.6 volts, data stored in the Calendar IC may be lost.
Also, too high a battery voltage will have indeterminate effects. To check the battery
voltage, use the following procedure:

1. Turn off power to the MPU board.

2. Using a voltmeter, measure for >2.6 V - <3.2 V between the "+" (exposed) side of
the battery and pin 14 of U350 (see Figure 7-2.

3. If battery voltage is outside the limits specified in Step 2, replace the battery.
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Figure 7-2. Battery check test points.
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Battery Replacement Procedure

Whenever it becomes necessary to replace the battery, use the appropriate part.
Refer to the Electrical Parts List for part number.

To avoid personal injury, observe proper procedures for handling and
disposal of lithium batteries. Improper handling may cause fire,
explosion, or severe burns. DO NOT recharge, crush, or disassemble
the battery. DO NOT incinerate or heat the battery above 212 degrees F
(100 degrees C). DO NOT expose contents of battery to water.

To avoid personal injury, observe the proper procedures for handling
and disposal of lithium batteries given below.

Dispose of batteries in accordance with local, state, and national regulations.
Typically, small quantities of batteries (less than 20) can be safely disposed of with
ordinary garbage in a sanitary landfill. Larger quantities must be sent by surface
transport to a hazardous waste disposal facility. The batteries should be individually
packaged to prevent shorting and they must be packed in a sturdy container that is
clearly labeled "Lithium Batteries -- DO NOT OPEN."

Use the following procedure to replace the battery.

1.

Using a small common screwdriver, or similar blunt tool, gently pry up the arm
clamp that holds the battery in its socket. Tilt the board slightly and the battery
will slide from the socket.

Install the replacement battery by inserting it under the arm clamp and gently
pushing the battery into the socket. Be sure to observe polarity (positive side of
battery contacting arm clamp).

Check battery voltage as described under Testing the Battery.

Apply power to the MPU board and re-program the calendar. Refer to Set
Time/Date Test description in Section 5. .

Verify calendar operation using the Clock Diagnostic tests. Refer to Section 5,
Functional Verification Procedures.
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Section 8
TROUBLESHOOTING

SCOPE OF TROUBLESHOOTING INFORMATION

Information in this section helps a technician locate a hardware failure on the MPU
board. Information is not limited to the MPU board. As needed, references are made
to other system modules, and/or manuals to help you determine if circuitry on the
MPU board or other modules may be at fault. The order of presentation is intended
to follow the information needed to "bring up" a "dead" instrument. Information is
organized under the following subjects:

e General Information lists the type of equipment needed for troubleshooting,
troubleshooting precautions, and placement of modules for troubleshooting.

e Troubleshooting Guidelines and Information Locater guides you to troubleshooting
and diagnostic information related to the problem area. Here you are directed to
specific troubleshooting information for each replaceable system module.

o System Power Troubleshooting describes what to check when a system will not
power-up, and what to check when a system develops a "thermal" condition.

o Power-Up Boot Sequence (Self-Verification) describes the system verification
process that occurs each time the system is powered-up. Here you are again
directed to additional troubleshooting information related to the nature of a
power-up failure.

GENERAL TROUBLESHOOTING INFORMATION

Troubleshooting Equipment

The following equipment, or equivalent, is recommended for troubleshooting the
MPU board and associated modules.

e Tektronix 1240 Logic Analyzer

o Tektronix 485 Oscilloscope with two P6016 probes
e ASCII terminal

e System diagnostic software

Tools required to service the analyzer are those commonly found in an electronic
technician's tool kit.
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Troubleshooting Precautions

Component Handling

If the MPU board is repaired to a level lower than board or module replacement,
refer to Section 7 of this manual for cautionary guidelines and recommended
practices regarding special handling required for static sensitive devices.

CAUTION

Static discharge can damage any semiconductor component in this
Module.

The Color Display Monitor
Refer servicing of the color monitor to qualified service personnel. Be sure to observe
the following precautions when working on the CRT:

CAUTION

CRTs RETAIN HAZARDOUS VOLTAGES FOR LONG PERIODS OF
TIME AFTER POWER-DOWN. The CRT should be serviced only by
qualified personnel familiar with CRT servicing procedures and
precautions.

BEFORE ATTEMPTING ANY WORK ON THE CRT, discharge the
CRT by shorting the anode connection to chassis ground using a
plastic-handled screwdriver. When discharging the anode, place the
screwdriver against chassis ground, then slip the screwdriver tip under
the CRT anode cup.

USE EXTREME CAUTION WHEN HANDLING THE CRT. Rough
handling may cause it to violently implode. Do not nick or scratch the
glass or subject it to undue pressures during removal or installation.
When handling the CRT, wear safety goggles and heavy gloves for
protection.

PHYSICAL PLACEMENT OF MODULES FOR
TROUBLESHOOTING

Refer to Section 6 of the applicable mainframe service manual for illustrations that
show the relative positions of the electronic circuit modules in the mainframe.
Section 6 (in the mainframe service manuals) also describes how to position the
mainframe circuit boards for troubleshooting.
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TROUBLESHOOTING GUIDE AND INFORMATION LOCATOR

Introduction

The following describes how to approach a troubleshooting task. This approach
assumes that a system malfunction or fault condition is evident. From this, you are
directed to detailed troubleshooting information that will usually isolate the problem
to the failed module, circuit, or circuit component.

Troubleshooting Guide

Different failures often require different troubleshooting approaches. For example, if
failures are detected during the power-up sequence, you may choose either to
perform additional diagnostic tests or to bypass further diagnostics (if failures are
acceptable, e.g., failures in acquisition modules that are not being used). If the
mainframe cannot produce a screen display you must use other methods to
troubleshoot the malfunction. The following text outlines general fault conditions
and the appropriate troubleshooting approach/method for each.

1. First, analyze the failure symptoms. Keep in mind that at one time, the unit
was operational -- even a unit that is dead on arrival (DOA).

For DOA instruments, check the obvious (power cord, mains supply, mains fuse,
and internal cabling. (Cables can loosen in transit or can be incorrectly installed
if maintenance was performed on the system.)

2. Does the unit power-up (is the STBY/ON LED lit)?
If not, refer to System Power Troubleshooting.

3. The unit powers-up but there is no start-up menu (or no displayed data at all).
In this case, check the DIAGS LEDS on the MPU board. If an error is indicated,
there's a problem with the MPU kernel circuitry. Refer to Kernel Diagnostics
Tests later in this section for detailed information.

4. If there is no display and no failure indicated by the DIAGS LEDS, then suspect
a failure either in the video control circuitry or in the display module itself. For
external-mounted display modules, check the interconnect cable to ensure it is
properly connected. If OK, then refer to the appropriate mainframe service
manual for more detailed troubleshooting information regarding your display
module.

5. The STBY/ON LED lights, and there is a start-up menu displayed. This
indicates that the MPU kernel and associated circuits are OK, as the boot

process was able to pass power-up diagnostic tests and boot the operating
system from the system disk.
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6. If the unit was in a powered-up condition, at what point did the failure occur?

If the failure occurred DURING NORMAL OPERATION (expect either an over-
voltage condition or circuitry failure), check the following:

a. Check cooling vents for blockage, remove any blockage; then, after
equipment has cooled down, recycle power. If unit powers up and displays
the startup display, then problem was probably cooling. If problem occurs
again during normal operation (after ensuring that cooling vents are
cleared), then remove top cover and troubleshoot over-temperature condition.
Refer to System Power Troubleshooting later in this section.

b. After recycling power and the power supply appears to come up (as indicated
by STBY/ON switch being lit), but there is no display, then check the DIAGS
LEDS on the MPU board. If an error is indicated, there's a problem with the
MPU kernel circuitry. Refer to MPU Kernel Diagnostics Tests for detailed
information.

7. Unit powers up, displays startup menu but when you use the system it appears
not to be operating correctly.

a. Check operational procedures according to Users manual(s).

b. Load System Diagnostics Software and exercise all tests or selected tests.
(Refer to Section 9 for operational guidelines and test descriptions.) After
you run diagnostic software, you should have a good idea of which area of
circuitry on the module has failed.

For additional troubleshooting information refer to Information Locater immediately
following and to Theory of Operation, Section 4 (this manual).

Information Locater

Not all troubleshooting and diagnostic information is located in this section. For
example, each mainframe service manual contains additional troubleshooting
information for each system module. The following describes the location of
troubleshooting information for each replaceable system module.

Keyboard or Control Panel Module

The MPU board may be connected to an ASCII-type keyboard or a control panel
module depending on the type of mainframe in which the MPU Board is installed. If
the Keyboard or control panel is suspected to be faulty (intermittent keys, etc.), then
refer to MPU Module Tests in Section 9 and run the Manual Keyboard test. This
test produces a graphic display of the keyboard or control panel. When you press a
key the corresponding screen key reverses video. Each key, and the scrolling knob,
can be checked in this manner.

If the Keyboard or control panel do not work at all, then suspect either the
interconnect cable, power, or the hardware circuitry. Refer to Sections 4 and 8 in the
applicable mainframe service manual for keyboard or control panel theory and
troubleshooting information, respectively.
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Keyboard or Control Panel Interconnect Cable. Refer to the Keyboard or
Control Panel Interconnect Diagram in Section 10 of the applicable mainframe
service manual. Check the cable for opens and shorts. If bad, replace the cable.
Refer to Section 6 in the applicable mainframe service manual for cable replacement
procedures.

Keyboard or Control Panel Power. The keyboard or control panel receives +5
VDC power from the MPU board. Check the +5 V fuse on the MPU board and
replace if needed. See Figure 8-1 for fuse location.

Keyboard or Control Panel Circuitry. If keyboard or control panel circuitry has
failed, replace the module.

Disk Drive Module

The System Diagnostics software provides low-level tests for both the floppy and
hard disk controller circuits as well as read and write tests for the disk drives. Refer
to MPU Module Test Descriptions in Section 9 for test descriptions.

Both the floppy and hard disk drives receive power from the MPU board. Refer to
the disk interconnect schematics in Section 10 of the applicable mainframe service
manual for power cable routing. Refer to Figure 8-1 for fuse locations.

If a drive unit failure is suspected, refer to the drive descriptions in Section 4 of the
applicable mainframe service manual. With the information provided there and with
the interconnect diagram you should be able to confirm whether the disk drive or
interconnect cabling is at fault. If the drive is bad, return the drive to Tektronix for
repair and/or replacement.

Color Display Monitor Module

The diagnostics software provides a display test that verifies the operation of the
MPU board's display controller circuitry. Refer to MPU Module Test Descriptions in
Section 9 for detailed procedures.

Refer to Sections 4 and 8 of the applicable mainframe service manual for additional
information regarding the color CRT monitor.

Flat Panel Display Module

The diagnostics software provides flat panel test patterns to verify the operation of
the MPU board's display controller circuitry. Refer to MPU Module Test Descriptions
in Section 9 for detailed procedures.

CAUTION

Do not connect the display cable with the Mainframe STBY /ON switch
in the ON position. Doing so may blow F703 on the MPU board.
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Fuse F703 may blow if you connect the display cable when the Mainframe STBY/ON
switch is in the ON position. If the display is not operating when the STBY/ON
switch is in the ON position, check for +12 VDC at J820 pin 1. If no +12 VDC at pin
1, turn off power and remove the power cord from the Mainframe. Disassemble the
Mainframe to remove the MPU board and check the condition of F703. (Refer to
Figure 8-1 for location of fuse on MPU board.)

The Flat Panel Display module consists of two electrical subassemblies, a Power
Converter circuit board and the display device with attached circuit board. If the
display device and/or its attached circuit board have failed, then return the complete
Flat Panel Display module (including Power Converter board) to Tektronix for
replacement and/or repair. If the Power Converter board is known to have failed, it
can be replaced. Refer to Section 6 in the applicable mainframe service manual for
instructions on how to remove the Power Converter board. Refer also to the
description of the Flat Panel Display module in Section 4 of the applicable
mainframe service manual. For signal interconnect information, refer to the Display
Interconnect Diagram in Section 10 of the same manual.

Flat Panel Display Module Power The Flat Panel Display module receives power
from the MPU board. DC power for the Flat Panel module is fused on the MPU
board. Refer to Figure 8-1 for fuse location. :

COMM Packs

The Diagnostics Software provides tests for the various 1200-Series COMM Packs.
Refer to COMM Pack Module Tests for detailed information. In addition, each 1200-
Series COMM Pack has its own manual. Refer to the relevant COMM Pack service
manual for detailed service information.

The Theory section (this manual) provides a detailed description of the MPU board's
COMM Pack Interface circuitry.

COMM Pack Power. COMM Packs receive + and -12 VDC power distributed by
the MPU board. Refer to the Interconnect Diagram in Section 10 of the applicable
mainframe service manual for power interconnects . Refer to Figure 8-1 for fuse
locations.

DUART RS-232C Ports

There are two possible RS-232C ports available. One is provided via an RS-232C
COMM Pack plugged into the COMM Pack connector. The other port is via the
DUART. (The Keyboard uses one side of the DUART, and the RS-232C port uses the
other side.)

Diagnostics Software contains verification and fault isolation tests for the RS-232C
circuitry. Refer to MPU Module Test Descriptions and to the Keyboard description in
the Theory section (this manual) for detailed information (the description of the
DUART's RS-232C host port is part of the functional description for the keyboard
port).
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Acquisition Modules

Software Diagnostics provide verification and fault isolation tests for troubleshooting
the acquisition modules. Acquisition modules are also supported with their own
service manuals. Refer to the descriptions of the diagnostic software in the
applicable acquisition module service manual for test descriptions and for other
troubleshooting and service information.

Power Supply Modules

Power supplies are different for each mainframe. Power supplies provide power
directly to the MPU board and acquisition modules installed in a mainframe. Power
for MPU peripheral modules is routed from and fused-protected on the MPU board.

There is no system diagnostic test to check the operation of a power supply. Refer to
System Power Troubleshooting immediately following in this section for additional
troubleshooting information. Also, refer the appropriate mainframe service manual
for service strategy and other service information relevant to a particular power

supply.
SYSTEM POWER TROUBLESHOOTING

There are several things to keep in mind when troubleshooting a system power
problem.

First check the obvious:

e AC line cord properly installed

 Front panel STBY/ON switch in ON position (lighted)
* Rear panel line selector switched to proper position

* Rear panel AC line fuse in good condition

If the obvious checks do not identify the problem, then the following information may
prove helpful.

Power Distribution

The Power Supply module distributes +5 VDC and +/-12 VDC supplies to the MPU
board and up to two acquisition modules. All modules (except acquisition modules)
that connect to the MPU board receive their power via the MPU board. Refer to the
Power Interconnect Diagram in the Section 10 of the applicable mainframe service
manual for power distribution.

Fuses

The MPU board provides fuse protection between the MPU circuits and connected
modules. The electrical schematics for the MPU board show these fuses. Table 8-1
shows on which schematic sheet the fuses are located, and Figure 8-1 shows where
the fuses are located on the MPU board.
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Table 8-1
FUSE/SCHEMATIC SHEET LOCATION
Fuse Value Schematic Sheet Voltage Used By
F110 15A 11 +5V Keyboard/Console
F240 3.0A 9 +5V HD Drive & Aux Fan
F250 1.5A 9 +5V HDC Board
F255 3.0A 9 +12V HDC Board
F286 15A 10 +5V Floppy Drive
F470 1.5A 4 +5V COMM Pack
F471 15A 4 12V COMM Pack
F575 15A 4 +12V COMM Pack
F700 0.75A 15 12V Exp MF I/F Board
F701 0.75A 15 +12V Exp MF I/F Board
F702 0.75A 15 +5V Exp MF I/F Board
F703 50A 14 (671-0058-01 and +12V Display Unit
671-0058-50 MPU boards)
F825 50A 14 (671-0058-00 MPU board) +12V Display Unit
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Figure 8-1. MPU board fuse locations.

Power Supply Troubleshooting Chart
Refer to the applicable mainframe service manual for detailed information about the

mainframe power supply. All power supplies are field replaceable units and must be
returned to Tektronix for repair.

When the previously-described troubleshooting items have been checked and the
power supply refuses to come up, use the power supply troubleshooting chart in
Figure 8-2. This chart will assist you in locating the problem area. Refer also to
information, immediately following, titled Troubleshooting Thermal Conditions.
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System
Power

Up

?

Power up
failure following
module
repair
2,

system on,
then suddenly
powered
down

ye:

Check +5V and
+/-12V supplies
are within
specified limits

Check Obvious:
-~ power cord
« voltage selector
« mains fuse
« interconnect cables

Suspect Thermal Problems
~~Check power supply fan (1]
« check thermal switches
on application module
« is THERMAL signal
grounded?
« check mainframe cooling
vents for blockage

Replace power
supply module

- disconnect application
modules from P.S.

- leave MPU module
connected

! . cycie power

Check power
control circuitry
on MPU Module
(schematic 12)

Power
control circuits

O.K.
2

Check STBY/ON
switch

|| Rofer to Theory

for description

Replace MPU
module or
repair power
control circuit

yes

Substitute known good
modules until bad module

« Power supply module

(1) IF FAN NOT ON:
«Fan motor could be bad.

*Power supply module could be bad.
«Power supply could have shut down

due to blocked cooling vents, excessive
power usage by electrical circuit board, etc.

Replace
STBY/ON
switch

o G
* MPU Module

Figure 8-2. Power supply troubleshooting chart.
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Figure 8-3 shows power supply test points on the MPU board.

Figure 8-3. Power supply test points.
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Troubleshooting Thermal Conditions

If air flow is insufficient, ambient temperature rises inside the mainframe enclosure.
An over-temperature condition can be caused by any of the following:

¢ Cooling vent obstruction
e Fan failure
¢ Fan voltage too low

¢ Excessive drain on power supply

Most acquisition modules use thermal switches to protect critical circuits on the
module. If the ambient temperature exceeds the thermal rating of a switch, the
switch will short to ground. This action grounds the THERM signal, shutting down
the power supply via the power control circuit on the MPU board. Any acquisition
module connected to an MPU board can shut down the mainframe power supply in
this manner. Figure 8-4 shows how a thermal switch is wire-ORed to the MPU's
THERM signal line.

Refer to the applicable acquisition module service manual for location of thermal
switches. Once a suspected switch is located, cool it with cool spray and recycle
power. If the system powers-up, then strongly suspect an excessive temperature
problem. Check the problem further by ensuring that all cooling vents are cleared of
obstructions before operating the instrument. If the power supply fails again,
suspect faulty circuitry. The thermal switch may be bad or circuitry in the area of
the thermal switch may be using excessive power. Low-level troubleshooting is
needed.
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To Other 4 External Acquisition
External Acquisition Modules Module Thermal Switches
M '
i [}
]
Part of External ?—"_ '
TekLink Cable X v
=== —==——————=- -4
\ . ]
]
Internal Acquisition ] '
Module Thermal Switches F ' b :
Tt ) Partof Intemal Fo==-==----------= '
X 1 TekLink Cable : .
] ‘ 1
e e ' b e J
! : ' :
1 ]

] ]
: ___________ ! '_ _______________ |

<4—-THERM

N POWER
Front Panel —> CONTROL CIRCUIT
STBY/ON Switch (part of MPU Board)
Power Control
SignalLines] MPU BOARD

y

POWER SUPPLY
MODULE

Figure 8-4. Thermal sensor wiring.

POWER-UP SEQUENCE (SELF-VERIFICATION)

Overview

The MPU board is supported with power-up boot code that:
e Verifies MPU kernel circuitry

¢ Boots the operating system

¢ Loads the application software
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A power-up failure causes related diagnostic LED and/or display error messages
that, upon interpretation, will either state the failure or guide you to more detailed
troubleshooting/diagnostic information.

The following is a description of the power-up sequence. Use this information to help
troubleshoot a power-up sequence failure.

Troubleshooting The Power-Up Sequence

The following is a description of what the system does during the power-up sequence. If the
system is not performing as described, suggestions are given as to what the problem may be.
Figure 8-5 shows the power-up sequence and recommended action for a technician should a

power-up failure occur.

Run Kemnel
Diagnostic
Loop on Test
Hard es R
Failure at point of
failure
no
o v
yes Troubleshoot
Failure
Load Operating
System from Disk (1) (1). If System has both, fioppy and
hard drives, and one drive fails,
‘ ROM code will boot from the
good drive.

Load Applications
Software and Boot
Rest of System

Figure 8-5. Power-up sequence.
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The major steps of the power-up sequence are (refer to Figure 8-5 as needed):

1. Immediately following the application of power (or a reset function) the
information in Figure 8-6 appears on the display monitor. It states that kernel
diagnostics have started, and it lists the tests and the pass/fail indication for

each.

If the kernel diagnostic display indicates that a kernel test failed, identify the
test either by name or by LED code. Refer to Table 8-2. (Also refer to
information under the heading Interpreting the LED Code, then refer to
Troubleshooting Using Kernel Diagnostic Tests later in this section for detailed
troubleshooting information for the failed test.)

If a failure is detected in the basic kernel circuits, the boot process halts and
loops on the failed kernel test. It will not continue until the failure is repaired.

sEEEEEE ] ] ™
B o™ el WA e T T a
el
. SEEER = Em S msam E EER B
COMMITTED TO EXCELLENCE
Kernel Diagnostic Started
Area Status
Rom Complement Passed
Rom Checksum 1 Passed
Rom Checksum 2 Passed
Ram Data Bit Passed
Ram Address Bit Passed
Floppy IRQ Passed
Interrupt Passed
Floppy Controller Passed
Hard Disk Cntir Passed

Hard Disk Memory Passed

Kernel Diagnostic Completed

Figure 8-6. Displayed data indicating kernel diagnostics are in progress.
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2. When all kernel tests have passed, the phrase "Kernel Diagnostics Completed” is
displayed followed by "Booting From the Floppy (or Hard) Disk" and "Executing
Code Loaded from Disk."

An error during this phase of the boot process could cause one of the Diagnostic
LED codes shown in Table 8-3. For 3000-Series products, it could also cause a
diagnostic configuration error index code. This code will be displayed on the
error line of the diagnostic menu display.

3. Boot code loads the acquisition software and the status menu is displayed.

KERNEL DIAGNOSTIC TESTS

Overview

As stated earlier, ROM-based test code runs automatically at power-up to test the
functional integrity of the 68010 and associated "kernel" circuitry. The system will
not boot if a kernel error is detected that will hinder the booting process.

The following provides a brief description of the following microprocessor compute
kernel tests:

e ROM circuitry
e RAM circuitry
* Floppy interrupt circuitry

¢ Disk drive circuitry

ROM Verification Test

ROM is verified using a stackless ROM test. ROM is tested by first checking two
locations with complimentary bytes (one byte contains 00, the other FF). This test
ensures that the 68010 data bus can be driven high and low. Since the Data Bus is
16 bits wide, the two 256K ROMs will be tested together. If a failure is detected, a
message is written to the display, a failure code flashes on the diagnostic LEDs, and
the test enters a loop that reads and checks the failed location.

ROM Checksum Test

ROM Checksum Tests are performed on both the even ROM IC and the odd ROM
IC. Odd and even checksum tests are performed on each IC. The calculated
checksum is then compared to the checksum stored in the ROM "trailer.”

8-16 671-0058-XX MPU Board Service



Troubleshooting

RAM Verification Test

RAM is verified using a stackless RAM test. A walking bit test is used for data bit
independence testing. (An alternating AA,55 pattern is used.) This provides
complete testing and also provides a fast power-up. If a failure is detected, a
message is written to the display, a failure code flashes on the diagnostic LEDs, and
the test enters a loop that reads and checks the failed location.

Floppy Interrupt Circuit Test

This test checks the floppy interrupt (FLOPPY_IRQ) signal. The GLUE gate array
disables all interrupts at their source and then forces an active FLOPPY_IRQ from
the floppy controller IC. Bit 10 of the GLUE interrupt status register (internal to the
GLUE gate array) is then checked to determine if it is set (FLOPPY_IRQ asserted).
The GLUE gate array then forces FLOPPY_IRQ off and checks that no other
interrupt bits were set in the GLUE interrupt status register.

Disk Drive Verification Test

This test checks both floppy and hard disk controller circuitry and hard disk RAM. If
a failure is detected, a message is written to the display, a failure code flashes on the
diagnostic LEDs, and the test enters a loop that reads and checks the disk drive.

NOTE

This happens only if there is one drive installed, or if both the hard and
floppy drives have problems.

Displaying Kernel Diagnostic Errors

Kernel diagnostics try to display an error in two ways: (1) by writing to a display
monitor and by (2) displaying a failure code on a set of diagnostics LEDs. Any
displayed error message is self-explanatory in regards to the name of the test that
failed. Under some circumstances, messages will not be displayed on the display
unit (e.g., if the display circuitry fails or if the nature of the failure is such that
activating the display could crash the system). Error codes for kernel test failures
are also displayed by the diagnostic LEDs.

The MPU board's diagnostic LEDs consist of 10 individual LED segments; eight

segments indicate the progress of the kernel tests (power-up tests) and two segments
indicate the status of the boot process. The diagnostic LEDs are shown in Figure 8-7.
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For Kernel! Test and Failure Codes
I\

g BIT M NOTE
7 6 5 4 3 2 1 «€—Bit 0 located on end of
I | LED Bar that has black dot
PROCESSOR HALT-
OFF=HALT MsB Lse
ON=RUN @ Toward rear panel connectors
mounted on main module
System RESET

OFF=Reset not asserted
ON-= Reset asserted

Figure 8-7. MPU board diagnostic LED (as viewed with the MPU board component-side up).

The diagnostic LEDs are shown viewing the MPU board with component side up and
with the board in the service position.
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Interpreting the LED Codes
LED codes are represented in the following text by:

1 = LED segment is ON (lit)
0 = LED segment is OFF (not lit)
F = LED segment is FLASHING (alternating ON and OFF)

If the processor halts (HALT segment is OFF) due to a test failure, the LED
segments will be either ON or OFF to indicate the fault error.

NOTE

Some segments will flash during certain tests, indicating an error has
been detected. However, as long as the HALT segment is lit (processor
not halted), the processor continues to execute instructions. Refer to
Troubleshooting Using Kernel Diagnostic Tests later in this section to
determine failure and recommended repair action.

The test loops until the problem is repaired (with the exception of the floppy test
which will not loop if a hard disk is installed).

Table 8-2 summarizes the MPU kernel fault codes that can be displayed by the

diagnostic LEDs if a kernel diagnostic test fails. Figure 8-3 lists miscellaneous LED
codes that could be displayed during the boot process.
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Table 8-2
DIAGNOSTIC LED FAULT CODE SUMMARY

LED Code Description
MSB LSB
0000 0000 initial value displayed at start of power-up

sequence

0000 0001 start ROM complimentary word test
0000 000F failed ROM complimentary word test
0000 0010 start ROM checksum even compare
0000 00FO0 tailed ROM checksum even compare
0000 0011 start ROM checksum odd compare
0000 00FF failed ROM checksum odd compare
0000 0100 start RAM data independence test
0000 bbbb failed RAM data independence test

bbbb = bit number in error
0000 = low bit, i.e., bit 0;
0001 = next bit, i.e., bit 1;
1111 = high bit, i.e., bit 15

0000 0101 start RAM address independence test

0000 OFOF failed RAM address independence test
0000 0110 start vector table move

0000 0111 floppy interrupt test

0000 OFFF failed floppy interrupt test

0000 1000 video interrupt test

0000 F000 failed video interrupt test

0000 1001 start floppy disk track reg check (floppy test)
0000 FOOF failed floppy disk track reg check

(continued on next page)
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Table 8-2 (cont.)
DIAGNOSTIC LED FAULT CODE SUMMARY

LED Code Description

MSB LSB

0000 1010 start floppy disk sector reg check ($AA)
0000 FOFO failed floppy disk sector reg check ($AA)
0000 1011 start hard disk sector count register test
0000 FOFF failed hard disk sector count register test
0000 1100 start hard disk sector number register test
0000 FFOO failed hard disk sector number register test
0000 1101 start hard disk cylinder low test

0000 FFOF failed hard disk cylinder low test

0000 1110 start hard disk cylinder high test

0000 FFFO failed hard disk cylinder high test

0000 1111 start hard disk SDH register test

0000 FFFF failed hard disk SDH register test

0001 0000 start hard disk memory test

000F 0000 failed hard disk memory test

0001 0001 start 2681 (rs232); set to disabled

Refer to Table 8-3 for LED other LED codes that can be displayed during the boot
process. These codes are presented for information purposes.
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Table 8-3
MISCELLANEOUS BOOT PROCESS LED CODES
LED Code Description
MSB LSB
0001 | 0010 enabling cpu for level 5(1)
0001 0011 moving sio_cb to boot area
0001 0100 starting restore drive A
0001 0101 starting boot block read drive A
0001 0110 booting A
0001 0111 starting restore drive C
0001 1000 starting boot block read drive C
0001 1001 boot C
0001 1010 calling booted code
0001 1011 nothing found to boot; insert disk

(Dprocessor is set to level 5 interrupt. All interrupt priorities that are level 5
and above will be acknowledged.

Troubleshooting Using Kernel Diagnostic Tests

If the power-up display (Figure 8-6) shows that a kernel test failed, locate the test in
the following test descriptions and troubleshoot as described. If Kernel Diagnostic
fails and there is no displayed message, read the MPU Diagnostic LEDs (as
previously described), locate the test code in the following troubleshooting
information, and troubleshoot as described. For example, if the diagnostic test
sequence hangs and displays the message "

Failed the ROM Complimentary Test

Then troubleshoot according to information under probable cause and recommended
action for failure of the ROM Complimentary Word Test.

NOTE
The left-most bit is the MSB; the right-most bit is the LSB.

The following tests are listed in the order they occur in the power-up sequence.
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TEST FUNCTION: Begin to Execute Boot Code

LED CODE: 0000 0000

DESCRIPTION: When the processor starts to execute ROM boot code, all LEDs
are set to off (LEDs are set to all on when power is initially
applied), display RAM is cleared, and display controller circuits
are set for display operation. At this time, the "Kernel
Diagnostics Started" and related data is displayed on the
monitor.

TEST FUNCTION: Begin to Execute ROM Boot Code

LED CODE: 0000 0001

DESCRIPTION: Start ROM Complimentary Word Test. Checks that ROM data
lines can be driven high and low. This is done by reading a
word from ROM (80FFF8) , inverting the value read, and then
comparing it to the next addressable word (80FFFA).

Probable Cause Recommended Action

Wrong data in ROM or ROM Replace even and/or odd ROMs (MPU

failure Schematic #2)

CPU failure Replace CPU, (MPU Schematic #1)

Data or address bus failure Check Kernel data and address lines for shorts or

opens.
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TEST FUNCTION: Failed the ROM Complimentary Word Test
LED CODE: 0000 O00F

DESCRIPTION: Failed the ROM Complimentary Word test.

Probable Cause Recommended Action
ROM failure Suspect even and/or odd ROMs (MPU
Schematic #2)

TEST FUNCTION: Start ROM Checksum Even Compare Test
LED CODE: 0000 0010

DESCRIPTION: Starts the ROM Checksum Even Compare Test

Probable Cause Recommended Action

ROM failure Suspect even ROM (MPU Schematic #2)

TEST FUNCTION: Failed ROM Checksum Even Compare Test
LED CODE: 0000 00F0

DESCRIPTION: Failed ROM Checksum Even Compare test. The even ROM
failed to match the calculated checksum.

Probable Cause Recommended Action

ROM failure Suspect even ROM (MPU Schematic #2)
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TEST FUNCTION: Start ROM Checksum Odd Compare Test.

LED CODE: 0000 0011
DESCRIPTION: Starts the ROM Checksum Odd Compare test.

Probable Cause Recommended Action

ROM failure Suspect odd ROM

TEST FUNCTION: Failed ROM Checksum Odd Compare Test

LED CODE: 0000 OOFF
DESCRIPTION: The odd ROM failed to match the calculated checksum.

Probable Cause Recommended Action

ROM failures Suspect odd ROM (MPU Schematic #2)
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TEST FUNCTION: Start RAM Data Independence Test

LED CODE:

DESCRIPTION:

0000 0100

This subroutine tests the processor's RAM data bus for
independence as follows:

1. For each long word in the RAM: set to $0000000.

2. For the first word in the RAM: the first location of RAM is
checked to contain 0000.

Each bit, one at a time, is asserted high and checked by reading
the resultant word. For example: 0001 is written to RAM, then
the same location is read to verify that it contains the value
written. Next, 0002 is written and checked; then 0004, 0008,
0010, 0020, 0040, 0080, 0100, 0200, 0400, 0800, 1000, 2000,
4000, 8000. After each write, RAM is read and checked. If an
error is detected, then the LED is set to match the failure. See
Failure indication below.

Probable Cause Recommended Action

Double bus fault

Connect a logic analyzer with PM 203 to MPU board.
Start logic analyzer and Mainframe. Stop analyzer and
examine data (MPU Schematics #1, #6 and #7).

TEST FUNCTION: Failed the RAM Independence Test

LED CODE:

DESCRIPTION:

0000 bbbb
Failed the RAM Independence test.

NOTE

bbbb = bit number in error (0000 = bit 0, 0001 = bit 1, ..., 1111 = bit 15.
See explanation under 0000 0100 above.

Probable Cause Recommended Action

RAM data bit error

Determine which bit has failed by examining the
LEDs.The LEDs labeled "bbbb" in the above descriptions
indicate what bit failed. Refer to the MPU board
Schematics (sheets 6 and 7) to determine what RAM
chip may have failed (MPU Schematics #1, #6 and #7).
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TEST FUNCTION: Start RAM Address Independence Test

LED CODE: 0000 0101

DESCRIPTION: Start the RAM Address Independence test by performing the
following:

1. For each long word in the block, set to $55555555.
2.For each short word in the block:

e test for $55555555

e set to SAAAAAAAA

o test for SAAAAAAAA

This test verifies the address decoding and the cell integrity of
RAM. All long words in the block are left set to SAAAAAAAA.

Probable Cause Recommended Action

Double bus fault Connect a logic analyzer with PM 203 to MPU board.
Start logic analyzer and Mainframe. Stop analyzer and
examine data (MPU Schematics #1, #6 and #7).

TEST FUNCTION: Failed RAM Address Independence Test
LED CODE: 0000 OFOF
DESCRIPTION: Failed RAM Address Independence test.

Probable Cause Recommended Action

Bad RAM or address line Press NMI to enter the Test Monitor. Run the RAM tests
and examine the results (refer to description of Test
Monitor at end of this section).
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TEST FUNCTION: Started the Flexible Disk Interrupt Test
LED CODE: 0000 0111

DESCRIPTION: Started the Flexible Disk Interrupt test. This routine executes
the following sequence.
1. Disables all interrupts.
2. Tests if COMM pack is installed. If installed, disables
COMM pack Interrupt.
3. Issues a clear force interrupt command to the flexible disk
controller.
4. Issues a force interrupt command to the flexible disk
controller.
5. Checks that flexible disk controller generated an interrupt.

6. Issues clear force interrupt command to the flexible disk
controller.

Probable Cause Recommended Action

No DTACK signal Suspect GLUE gate array (MPU Schematic #5)

TEST FUNCTION: Failed Flexible Disk Interrupt test
LED CODE: 0000 OFFF

DESCRIPTION: Failed Flexible Disk Interrupt test.

' Probable Cause Recommended Action

Interrupt not being generated Suspect flexible disk controller, WD1770. flexible disk
controller check pin 2 (MPU Schematic #10)

Interrupt multiplexer Suspect interrupt multiplexer (MPU Schematic #8)

GLUE Gate Array Suspect GLUE gate array (MPU Schematic #5)
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TEST FUNCTION: Start No Interrupts Test
LED CODE: 0000 1000

DESCRIPTION: This test checks that there are no interrupts at the GLUE gate
array.

Probable Cause Recommended Action

No DTACK signal Suspect GLUE gate array (MPU Schematic #5)

TEST FUNCTION: Failed No Interrupts test
LED CODE: 0000 F000

DESCRIPTION: Failed No Interrupts test. The following bits are assigned to
address 85F17E of the GLUE gate array:

Bit 0 = keyboard transmit

Bit 1 = keyboard receive

Bit 2 = level 2 (unused)

Bit 3 = hard disk

Bit4 = 2681 (DUART) IRQ

Bit 5= COMM pack

Bit 6 = RS-232C transmit (rear panel)
Bit 7= RS-232C receive (rear panel)
Bit 8 = display (video) gate array

Bit 9 = TekLink gate array

Bit 10 = flexible disk controller IRQ
Bit 11 = clock tick

Bit 12 = Level 6 (unused)

‘Bit 13 = flexible disk controller DRQ
Bit 14 = NMI

Bit 15 = power failure

Probable Cause Recommended Action
Video gate array Suspect Video gate array (MPU Schematic #14)
Interrupt multiplexer Suspect interrupt multiplexer (MPU Schematic #8)
GLUE gate array Suspect GLUE gate array (MPU Schematic #5)
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TEST FUNCTION: Start Flexible Disk Track Register Test
LED CODE: 0000 1001

DESCRIPTION: Checks that the track register can be written to and read from
(write 0, test for 0). It checks that all track register bits can be
written and read (the value $01, then $02, ..., $08 is written to
and then read from the track register to verify that each bit can
be independently set).

Probable Cause Recommended Action

No DTACK signal Suspect GLUE gate array (MPU Schematic #5)

TEST FUNCTION: Failed Flexible Disk Track Register Test
LED CODE: 0000 FOOF

DESCRIPTION: Failed Flexible Disk Track Register test (for data
independence).

Probable Cause Recommended Action
Data lines shorted or open Check data lines to WD1770 and from floppy disk control
latch (MPU Schematic #10)
Flexible Disk Controller Suspect WD1770 or floppy disk control latch (MPU
Schematic #10).

TEST FUNCTION: Start Flexible Disk Sector Register Check
LED CODE: 0000 1010

DESCRIPTION: First, checks that the Sector Register can be written and read
with $AA, then checks that it can be written and read with $55.

Probable Cause Recommended Action

No DTACK signal Suspect GLUE gate array (MPU Schematic #5)
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TEST FUNCTION: Failed Flexible Disk Sector Register check

LED CODE: 0000 FOFO

DESCRIPTION: Failed Flexible Disk Sector Register Check.

Probable Cause

Recommended Action

Flexible disk controller

Suspect WD1770 or floppy disk control latch (MPU
Schematic #10)

TEST FUNCTION: Start Hard Disk Sector Count Register Test

LED CODE: 0000 1011

DESCRIPTION: Checks that the sector count register can be written and read
(write 0, read 0). Checks that all sector count register bits can
be written and read. The value $01, the $02, ..., $80 is written
to, then read from the sector count register to verify that each
bit can be independently set.

Probable Cause

Recommended Action

No DTACK signal

Suspect timing PAL on Hard Disk Controller board (refer
to HDC Schematic #1 in applicable mainframe service

manual)
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TEST FUNCTION: Failed Hard Disk Sector Counter Register Test
LED CODE: 0000 FOFF

DESCRIPTION: Failed Hard Disk Sector Count Register test.

Probable Cause Recommended Action

Interface Suspect cable between MPU board and Hard Disk
Controller board (refer to Hard Disk Interconnect
Schematic in the applicable mainframe service manual).

Data buffers Suspect data buffers on Hard Disk Controller board (refer
to HDC Schematic #3 in the applicable mainframe
service manual).

Hard Disk Controller Suspect WD2010 (hard disk controller chip), on Hard
Disk Controller board (refer to HDC Schematic #4 in
applicable mainframe service manual).

TEST FUNCTION: Start Hard Disk Sector Number test.
LED CODE: 0000 1100

DESCRIPTION: First, checks that the sector register can be written and read
with $AA, then checks that it can be written and read with $55.

Probable Cause Recommended Action
No DTACK signal Suspect timing PAL on Hard Disk Controller board (refer
to HDC Schematic #1 in applicable mainframe service
manual).
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TEST FUNCTION: Failed Hard Disk Sector Number Register Test
LED CODE: 0000 FF00

 DESCRIPTION: Failed Hard Disk Sector Number Register test.

Probable Cause Recommended Action

Interface Suspect cable between MPU board and Hard Disk
Controller board (refer to Hard Disk Interconnect
Schematic in Section 10 of the applicable mainframe
service manual).

Hard Disk Controller Suspect Hard Disk Controller (Refer to Schematic #4 in
applicable mainframe service manual).

TEST FUNCTION: Start Hard Disk Cylinder Low Test
LED CODE: 0000 1101

DESCRIPTION: First checks that the Cylinder Low Register can be written with
$AA, then checks that it can be written with $55.

Probable Cause Recommended Action

No DTACK Suspect timing PAL on Hard Disk Controller board (refer
to HDC Schematic #1 in the applicable mainframe
service manual)
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TEST FUNCTION: Failed Hard Disk Cylinder Test
LED CODE: 0000 FFOF

DESCRIPTION: Failed Hard Disk Cylinder Low test.

Probable Cause Recommended Action

Interface Suspect cable between MPU board and Hard Disk
Controller board (refer to Hard Disk Interconnect
Schematic in Section 10 of the applicable mainframe
service manual).

Hard Disk Controller Suspect Hard Disk Controller (refer to HDC Schematic
#4 in the applicable mainframe service manual).

TEST FUNCTION: Start Hard Disk Cylinder High Test.
LED CODE: 0000 1110
DESCRIPTION: First, checks that the Cylinder High Register can be written

and read with $AA, then checks that it can be written and read
with $55.

Probable Cause Recommended Action

No DTACK signal Suspect timing PAL on Hard Disk Controller board (refer
to HDC Schematic #1 in the applicable mainframe
service manual).
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TEST FUNCTION: Failed the Hard Disk Cylinder High test
LED CODE: 0000 FFFO

DESCRIPTION: Failed Hard Disk Cylinder High test.

Probable Cause Recommended Action

Interface Suspect cable between MPU board and Hard Disk
Controller board

Hard Disk Controller Suspect Hard Disk Controller, U340, on Hard Disk
Controller board

TEST FUNCTION: Start Hard Disk SDH Register Test.
LED CODE: 0000 1111

DESCRIPTION: First, checks that the SDH register can be written and read
with $AA, then checks that it can be written and read with $55.

Probable Cause Recommended Action

No DTACK Signal ‘ Suspect timing PAL on Hard Disk Controller board (Refer
to HDC Schematic #1 in the applicable mainframe
service manual).
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TEST FUNCTION: Failed Hard Disk SDH Register Test
LED CODE: 0000 FFFF

DESCRIPTION: Failed Hard Disk SDH Register test.

Probable Cause Recommended Action

Interface Suspect cable between MPU board and Hard Disk
Controller board (refer to Hard Disk Interconnect
Schematic in Section 10 of the applicable mainframe
service manual).

Hard Disk Controller Suspect Hard Disk Controller (Refer to HDC Schematic
#4 in the applicable mainframe service manual).

TEST FUNCTION: Start the Hard Disk Memory Test
LED CODE: 0001 0000

DESCRIPTION: This test walks a bit across the hard disk memory as follows:
1. The hard disk memory address point is reset and 0001 is

written.

NOTE
During read or write operations, the hard disk memory
address point is incremented automatically.

2. Next, 0002 is written, followed by 0004, 0008, ..., 8000.

3. The hard disk memory address pointer is again reset and
the memory is read and checked for errors.

Probable Cause Recommended Action

No DTACK signal Suspect timing PAL on hard Disk Controller board (refer
to HDC Schematic #1 in the applicable mainframe
service manual).
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TEST FUNCTION: Failed Hard Disk Memory Test
LED CODE: 000F 0000

DESCRIPTION: Failed Hard Disk Memory test.

Probable Cause Recommended Action

Interface Suspect cable between MPU board and Hard Disk
Controller board (refer to Hard Disk Interconnect
Schematic in Section 10 of the applicable mainframe
service manual).

RAM Suspect memory chips on Hard Disk Controller board
(refer to HDC Schematic #2 in the applicable mainframe
service manual).

Memory Address Pointers Suspect RAM address counter on Hard Disk Controller
board (refer to HDC Schematic #1 and #6 in the
applicable mainframe service manual).

TEST FUNCTION: Start RS-232-C (DUART 2681) and Set to Disable Test
LED CODE: 0001 0001

DESCRIPTION: Start RS232 (DUART 2681) and Set to Disable test.

Probable Cause Recommended Action

No DTACK signal Suspect GLUE gate array (refer to MPU Schematic #5)
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Test Monitor "Trap" Codes

ROM code contains a test monitor that can be used for low-level debugging of the
MPU kernel circuitry. Several of the ROM-based tests can have errors that will be
"trapped" to the test monitor. This condition is indicated by the following codes:

OFxx xxxx entered test monitor awaiting input from 1200C01 COMM pack

FOxx xxxx entered test monitor awaiting input from read panel RS-232C port

Refer to the Kernel Test Monitor description in Appendix A for further information
regarding the use of this monitor.
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Section 9
SYSTEM DIAGNOSTIC SOFTWARE

INTRODUCTION

This section describes how to use System Diagnostic Software and provides a
detailed description of each diagnostic test.

System Diagnostic Software is a structured set of test routines used for hardware
verification and troubleshooting. These tests are located on the System Diagnostics
disk shipped with each PRISM 3000 or 2500 TestLab mainframe. (Some PRISM
3000 Systems may have diagnostics loaded into a DIAGs file on the hard disk.) All
tests for the MPU board and associated peripheral modules are described in this
section. (Diagnostic software for acquisition modules is described in separate
acquisition module service manuals.) This section contains the following:

¢ Definition of diagnostic terms

¢ Diagnostics structure

Standard and optional diagnostic software

[ ]

Using diagnostic software
* Test descriptions

Definition of Diagnostic Terms
The following provides a brief description of diagnostic terms:

Module. The highest level of diagnostics. A module is the highest level to which a
fault can be repaired. Most customer-site repairs are made at this level.

Area. An electrical module may have several functional areas (circuits) that need
testing. Once you know the specific fault area, you can chose specific tests for
lower-level troubleshooting.

Routine. A routine tests a specific circuit or function "inside” an area.

Index Information. Index information provides component-level information about
the specific test routine that failed. In most cases, Index information directs
you to the most-likely failed component, signal path, or connector pin. Most

routines contain one or more indices. The following defines the numerical
significance of an index number:

Index Number: 743

| L Index Number
Routine Number

Area Number
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Detailed troubleshooting information for the indicated index is included as
part of the test descriptions provided later in this section. As shown in the
example, the numeral "3" indicates the third "index" of the failed test. To
troubleshoot, simply refer to the test description for the failed test, locate the
index number "3," and troubleshoot the failure as described.

DIAGNOSTICS STRUCTURE

Introduction

Table 9-1 lists the diagnostic routines provided on the PRISM 3000 (or 2500 TestLab)
System Diagnostic disk. (Diagnostic routines for acquisition modules are described
in separate acquisition module service manuals.) Not all tests listed in Table 9-1 are
available for a particular mainframe product. However, all tests are listed here to
aid your understanding of how diagnostics are configured, and to show which tests
are standard and optional for a particular mainframe product.

Diagnostic Configuration

Individual tests are grouped to enable a technician to quickly and easily locate a test
area or a specific test to run for a particular malfunction, or suspected malfunction.
Table 9-1 and Figure 9-1 show that MPU Module diagnostic software consists of test
modules for the CPU, Hard Disk, and COMM Pack. Test modules consist of one or
more test areas. Test areas consist of one or more individual test routines.
Individual routines test specific circuits or functions within a test area.

A test routine may have one or more index numbers to better indicate the specific
sequence within a routine that failed. For example, Figure 9-1 shows the diagnostic
routines for the RS-232C area of the CPU (MPU board) module. Note that it shows
four index numbers. By noting the index number of a failed test, you can then refer
to the detailed test description (later in this section) for component-level testing and
repair instructions. Diagnostic tests for other modules are organized in a similar
manner.

NOTE

The letter "M" preceding a test name identifies that test as a "manual
test.” Manual tests require user interaction and/or special test fixtures
to be exercised.

Table 9-1 also shows the routines that run automatically as part of a RUN ALL (or
LOOP ALL) modules sequence. Refer to Using Diagnostic Software for more
information. As stated earlier, manual tests require user interaction and/or special
test fixtures to be exercised.
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Table 9-1
STANDARD DIAGNOSTIC SOFTWARE
Module |Area Routine Description Auto
No.| Name Sequence
CPU ROM o] Even Performs Checksum test on Even ROM X
(MPU board) ROM
1 Odd Performs Checksum test on Odd ROM X
ROM
Key- o] Stuck key Tests for stuck keys on Keyboard/Control Panel X
board
Clock o] Clock Checks read/write registers and checks for bad X
Registers data lines
1 Clock Checks Clock Calendar hundreds register X
Counter
2 Clock Checks that all clock times will roll to their X
Rollover minimum value
RS232 o] DUART Verifies that host channel exists and can be X
Existence accessed
1 KB Internal | Internally transmits a character string to X
Loopback channel A
2 Host Int. Internally transmits a character string to X
Loopback channel B
3 Host Ext. Performs external loopback test. Requires X
Loopback use of an external loopback connector.
NOTE: Test will run without the loopback
connector; however, the test will fail.
GLUE o] GLUE Writes test patterns into GLUE read/write X
Register registers and reads back
1 GLUE Sets and checks 13 different kernel interrupt X
Interrupt signals
2 Beeper Checks beeper (audio) circuit X
Floppy 0 Floppy Checks that floppy controller/formatter can X
Existence be accessed
1 Floppy Tests that drive "spins up” and is ready for X
Ready read/write functions
2 Floppy Tests the MOTOR ON/ signal from floppy X
Motor controllerformatter
3 Floppy Tests that TR_O signal from controllerformatter X
Track O goes low when head is at Track 0
4 Floppy Checks that read can be performed on side 0 X
Read
(Table 9-1 cont. on next page)
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Table 9-1 (cont.

STANDARD DIAGNOSTIC SOFTWARE

Module |Area Routine Description Auto
No. Name Sequence
CPU Tek- 0 Register Writes four patterns into gate array registers X
Com 1 Immediate | Tests tri-state outputs and then loop data out X
Read and back
2 Interrupt Tests the immediate write and acquisition X
module interrupt
3 RAM Tests data and address independence, and X
RAM cell integrity
4 Buffer Tests transfer of data between A and B buffers X
Transfer
5 TekEvent Tests each SIGNAL [1:4] line (not part of X
2500- Series diags software)
Video 0 RAM Tests RAM and gate array X
1 Video Sets up Video gate array to test windowing, X
Array screen readback, and the drawing engine
Set M | Set Time/ Allows user to set day, month, and time of the
Time Date clock calendar
Manual | M | Manual Allows user to manually check all keyboard
Keybrd keyboard and/or control console keys
Hard Disk Hard 0] Registers Checks controller registers in the X
(tests run Disk WD2010® integrated circuit
only when Memory | 1 Data Line Checks data lines DC[0:15] and associated X
hard disk is | & Con- indpndc circuits
part of troller 2 Address Tests the address counter, address lines X
system) Line Inde- AC[0:12], and associated circuits
pendence
3 RAM Tests the integrity of RAM and associated X
Integrity circuits
4 RW Writes a 1K file to the hard disk then reads the X
file back
Head M | Head Park | Parks the heads over the shipping zone at X
Park cylinder 663
Format | M | Format Formats the hard disk
d1200C01 RS232 | © UART Inter- | Performs an internal loopback test by X
(tests run nal Loop- internally transmitting a data string
only when back
d1200C01 1 Host Exter- | Performs an external loopback test. X
part of Requires use of an external loopback
system) connector. NOTE: Test will run without the
loopback connector; however, the test will fail.
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SYSTEM
SOFTWARE
1
DIAGNOSTIC
SOFTWARE
[ | | |
MPU HARD DISK 41200C01 ACQUISITION ACQUISITION
MODULE MODULE MODULE 0 MODULE 1
ROUTINE 0
DUART EXISTENCE '
g ROUTIE
INTERNAL LOOP
BACK (keyboard)
—1 Keyboard
ROUTINE 2
INTERNAL LOOP | Index 4
|| Clock BACK (Host)
Tests
| ROUTINE 3
|| RS232 EXTERNAL LOOP
Tests BACK (Hos!)
RS-232C TESTS
—4 Glue
Floppy

1 Tek Com

L {1 Video

1] MSet
Time/Date

M
Keyboard

M
Floppy

M Clock M Module
Display Adjust D

Figure 9-1. Structure of diagnostic software.
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Standard and Optional Diagnostic Software

As stated earlier, Table 9-1 lists the diagnostic routines provided on the System
Diagnostic Disk shipped with your Mainframe. The diagnostics tests are identical
for both the PRISM 3000-Series and 2500 TestLab products. The only difference is
that the 2500 TestLab products do not use the TekEvent test.

Table 9-2 shows a list additional diagnostics tests that are available as an optional
accessory or as part of a service kit for the PRISM 3000 products only. These tests
are contained on an Extended Diagnostics Floppy disk that includes all the tests
listed in Tables 9-1 and 9-2. Extended Diagnostic tests support low-level testing and
performance verification for the floppy controller and drive, the display units, and
support adjusting the clock calendar oscillator.

Table 9-2
3000-Series Extended Diagnostics
Module |Area Routine Description
No.| Name
MPU Manual | 0 Floppy Tests the operation of the DISK CHANGE signal from
Floppy Disk the floppy drive unit. Requires use of a scratch disk.
Change
1 Floppy Writes data to the first sector on each track, then reads
Read/Write | data back. Requires use of a scratch disk.
2 Floppy Uses a special Diagnostic Disk to check alignment,
Alignment centering, and spindle speed.
Manual | 0 Display Tests the operation of the display controller circuitry by
Display driving the monitor with display patterns. Checks both
color and monochrome crts and the flat panel display.
Manual | 0 Clock Used to adjust the clock’s oscillator circuit. Refer to
Clock Adjust Adjustment Procedures in Section 5.
Adjust
Manual Module Used as an aid to troubleshoot acquisition modules
Module ID suspected to have a module identification problem.
D
Disk Media

The floppy disk is the standard media for System Diagnostic Software. The PRISM
3000 Extended Diagnostic Software is also provided on a floppy disk. (Refer back to
Standard and Optional Diagnostic Software for additional information.) The PRISM
3000 products can have all diagnostics software (standard and extended diagnostic
tests) loaded onto the optional Hard Disk module. The 2500 TestLab products have
diagnostic software configured only on a separate floppy disk. Refer to Loading
Diagnostics Software later in this section for detailed information on this subject.
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Diagnostic Configuration Error Indexes

After the Diagnostic is loaded into RAM, it checks the system configuration table to
determine the ports and acquisition modules installed in the system. The Diagnostic
Monitor then checks to ensure that diagnostic files are available to run diagnostics
on the system modules.

Diagnostic configuration errors occur when files in the Diagnostic Directory are
either non-existent or are corrupted. Errors can also occur if the operating system
software is corrupted.
NOTE
Use the NOTES key whenever you need a quick information summary
about the current state of system operation.

A configuration error index consists of a three-digit number displayed on the error
line (top character line) of the display. More than one three-digit error index can be
displayed. How many error indexes are displayed depends on the number of
configuration errors detected by the Diagnostic Monitor. The following describes
how to interpret an error index.

Interpret the error index as follows:

Digit three identifies the diagnostic configuration error to either a hardware port or
an acquisition module. For example, if the third digit is. . .

0, then a COMM Pack or hard disk port configuration problem occurred.

1, then an acquisition module configuration problem occurred.
Digit two identifies the specific port or module associated with the configuration
error. For example, if digit three is 0 and the digit two is. . .

0, then the error is associated with COMM Pack port.

1, then the error is associated with Port 3 (there is currently no hardware
associated with this port).

2, then the error is associated with the hard disk port.

If digit three is 1 and digit two is:
0, then error is associated with internal acquisition module #0.
1, then error is associated with internal acquisition module #1.
2, then error is associated with internal acquisition module #2.
8, then error is associated with internal acquisition module #3.
4, then error is associated with internal acquisition module #4.

5, then error is associated with internal acquisition module #5.
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6, then error is associated with internal acquisition module #6.
7, then error is associated with internal acquisition module #7.
8, then error is associated with external acquisition module #8.
8, then error is associated with external acquisition module #9.
A, then error is associated with external acquisition module #A.
B, then error is associated with external acquisition module #B.
C, then error is associated with external acquisition module #C.
D, then error is associated with external acquisition module #D.
E, then error is associated with external acquisition module #E.

F, then error is associated with external acquisition module #F.

Digit one identifies the specific error that occurred for the port or the acquisition
module. If digit one is. ..

1, then failed fingerXchg to ZEKZ [FingerXchg( ) returns the exchange ID (XID)
of a process.]

2, then failed toXchg to ZEKZ [toXchg( ) send a message to a process].
3, then failed to load file [ZEKZ could not load file].
4, then error in dev_table [dev_table has unknown value, dev_id_tbl empty].

5, then failed fingerXchg to GA_Z [fingerXchg( ) returns the exchange ID (XID)
of a process]

6, then failed toXchg to GA_Z [toXchg( ) send a mail message to a process].
7, then failed to track file [GA_Z could not track file loaded by ZEKZ]
8, then error in card_tbl [card_tbl has unknown value, card_id_tbl empty]

9, then DIAG header error [ module record could not be added to monitor's
module_record_List because Diag header has unknown value; must contain
DIAG_VALIDATION]

A, then failed to allocMem [ a "no memory" was available when trying to copy
diagnostic data structures from a previously loaded diagnostic module. This
error should only occur when two or more of the same acquisition modules are
installed in the system.]

USING DIAGNOSTIC SOFTWARE

Diagnostic software is easy to use. User information is provided as follows:

* Required equipment

* Diagnostic menu
¢ Loading diagnostics software—~PRISM 3000 systems
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» Loading diagnostics software—2500 TestLab systems
¢ Manually exercising diagnostic tests

e Interpreting pass/fail indications

¢ Notes information

e Using diagnostics for system verification

¢ Using diagnostics for troubleshooting

Required Equipment
In order to exercise diagnostic tests on the System Diagnostics Software Disk you
need the following:

1. Mainframe with MPU board, display monitor, keyboard, and disk drive
2. PRISM 3000 (or 2500 TestLab) System Diagnostic Disk
3. External RS-232C loopback connector

In order to exercise diagnostic tests on the Mainframe Extended Diagnostic Disk, you
need the following:

1. Mainframe with MPU board, display monitor, keyboard, and disk drive
2. Mainframe Extended Diagnostic Disk
3. DYSAN® Digital Diagnostic Diskette

The Diagnostic Menu

When Diagnostic mode is entered, a menu similar to the one shown in Figure 9-2 is
displayed. Note how it resembles the diagnostic structure shown in Figure 9-1. The
menu shows all installed diagnostic modules, test areas for the selected diagnostic
module, tests for the selected area, and index numbers for the selected tests.

NOTE

Note the area tests preceded by the letter "M." The letter 'M" indicates
that the operator must perform manual interaction in order to run the
test. For example, the "Set Time /Date" routine requires that the user
manually input date and time information.

Each module and area that fails is shown on the diagnostic menu with a failure
indication. Each routine that fails shows the failure address, expected data, and the
actual data, along with an error index. Refer to Interpreting Pass/Fail Indications
later in this section for additional information.
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VERSION: 1.17

MODULE : AREA :
cPU Failed ROM Passed
1200C01 NotRun Keyboard Failed
HardDisk NotRun Clock Tests Passed
RS232 Tests Passed
Gilue Passed
Floppy Passeod
Tek comm Passed
Video Passed
M Set time/date NotRun
M Keyboard No tRun
M Floppy No tRun
M Display No tRun
M Clock Adjust No tRun
M Module 1D No tRun
CINRMTTRNS tuck Key | Address Expected Actual Index
Stuck Key Failed 00000000 0000 0067 101
F2 F3 Fé F?
Run Loop on Run ALl Loop on
Selected| Selected ALl

Figure 9-2. Diagnostic Menu.

Loading Diagnostics Software—PRISM 3000 Systems
The PRISM 3000 systems have three ways to load diagnostics software:

1. You can add diagnostics to your system disk so that they automatically load and
run at power up.

2. You can put diagnostics on you system disk in a DIAG directory so they are
more easily available for loading.

3. You can keep diagnostics on a separate disk (or in a nonautoloading directory)
and load them manually whenever you want to run a system test.
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To successfully power up, there must be a file named DIAGS in the BOOT directory
on the PRISM system disk. If this file is the same as the file DIAG_STB from the
diagnostics floppy disk, no diagnostics (except for the ROM-based kernel tests) are
run at power-up. If the DIAGS file is the same as the file DIAG_MON from the
System Diagnostics floppy disk (or DIAGS-MAN from the Extended Diagnostics
floppy disk), diagnostics are run automatically at power-up.

Running Diagnostics Automatically at Power-Up

To configure your system disk to run diagnostics automatically at power-up, do the
following (refer to Section 6 of the PRISM 3002 System User’s manual for
instructions on copying files and creating directories):

1. Use the Copy File operation in the Disk Services menu to copy the file
DIAG_MON from your System Diagnostics floppy disk into a file called DIAGS
in the BOOT directory on your system disk.

If you want to run Extended Diagnostics software, copy the file DIAG_MAN
from the Extended Diagnostics floppy disk into a file called DIAGS in the BOOT
directory on your system disk. Note, however, that once the Extended
Diagnostics file is initiated at power-up, the system will remain in Diagnostics
mode. Ifloading Extending Diagnostics, continue with step 2 substituting file
DIAG_MAN for file DIAG_MON

2. Create a directory called DIAG on your system disk, if it does not already exist.

3. Copy all the files (other than DIAG_MON) from the DIAG directories on your
diagnostic floppy disk and on your application module disk into the DIAG
directory on your system disk.

4. If you are using a floppy disk as your system disk, remove it from the floppy disk
drive.

5. Turn off your mainframe, wait a few seconds, then turn it on again. If you are
using a floppy disk as your system disk, insert it into the floppy disk drive.

NOTE

Do not press any keys during the power-up sequence; this will cause a
diagnostic keyboard failure to occur.

Diagnostics software gets loaded as needed from the DIAG directory. If
you are using diagnostics on a floppy disk, leave the disk installed in
the drive until all diagnostics tests are complete.

When the system is powered-up with diagnostics in the BOOT directory, the
diagnostics run automatically at power-up. The mainframe first runs Compute
Kernel Diagnostics, after which the system software is loaded and testing continues
with selected system tests that verify the functionality of other MPU board
hardware, keyboard, floppy disk drive, color monitor, flat panel display, hard disk
controller, and hard disk drive.
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If no diagnostic tests fail, the diagnostics are unloaded from RAM and the System
Configuration menu appears on the screen. To run any diagnostic test again, to set
the date and time, or to reformat a hard disk, you must manually reload the
diagnostics. Or, you can hold down a key during power-up diagnostics to simulate a
keyboard failure (stuck key), thus causing diagnostics to remain loaded.

If a diagnostics failure occurs, a diagnostic screen will remain displayed, indicating
which test failed.

Manually Loading and Running Diagnostics

To configure your system disk for convenient manually loading of diagnostics, do the
following (Refer to your applicable system user's manual for instructions on copying
files and creating directories):

1. Use the Copy File operation in the Disk Services menu to copy the file
DIAG_STB from your diagnostics floppy disk into a file called DIAGS in the
BOOT directory on your system disk.

2. Create a directory called DIAG on your disk, if it does not already exist. If you
have a hard disk, create the DIAG directory on it. If you are using only floppy
disks, you can either put the DIAG directory on the system disk or on a floppy
disk just for diagnostics.

3. Copy all the files (including DIAG_STB) from the DIAG Directories on your
diagnostic floppy disk and on your application module disks into the DIAG
directory on your disk.

4. Now, when you wish to manually load diagnostics, use the Load Application
operation in the Save/Restore menu to load the file DIAG_MON into the
SYSTEM module. Detailed instructions are:

a. Access the Save/Restore menu by pressing Util, then scroll through the
menus until the Save/Restore menu is selected.

b. In the operation portion of the Save/Restore menu, select Load Application
as the operation.

c. Fill in the parameter portion of the Save/Restore menu as follows:
Source Disk. Select the disk (floppy or hard) from which you want to load
diagnostics.
Source Directory. Select DIAG since this is the directory that contains
diagnostic software.
Source File. Select DIAG_MON since this is the file that contains
diagnostic monitor software.
Destination Module. Select SYSTEM since you want to load diagnostics
into RAM allocated to the MPU board.

d. Press F1 to load diagnostics. A message on the top line of the display tells
you when the load operation is complete.

5. Your system is now configured so that you can manually exercise diagnostics
tests.
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Loading Diagnostics Software—2500 TestLab Systems

System Diagnostics Software for the 2500 TestLab products cannot be loaded onto a
System disk. These products automatically load and exercise diagnostics software at
power-up when the System Diagnostics disk has been inserted into the floppy drive
in place of the 2500 System floppy disk. The 2500 TestLab then remains in
Diagnostics mode for manual exercising of individual tests.

To exit a 2500 TestLab from Diagnostics mode you must eject the 2500 System
Diagnostics disk, insert the 2500 System disk and recycle power to boot the system.

Manually Exercising Diagnostic Tests

To manually exercise diagnostics software, you must manually enter diagnostics
mode, as previously explained.

When the Diagnostics menu is displayed you can then exercise a diagnostic test or a
set of tests by first selecting the test or test sequence, then pressing the appropriate
Special Function key to initiate the test or test sequence. Proceed as follows:

1. Determine whether you want to run a specific routine, or sequence of routines
(test area or test module).

2. Move the cursor to select the desired test or test sequence.

e Use the cursor position keys to move the cursor from one menu field to
another. Or, use the NEXT key to move to the next field, the PREVIOUS
key to move to the previous field, the HOME key to move the cursor to the
utility (menu select field) in the upper left corner of the menu.

e Use the KNOB or the SELECT key to select a specific module, area, or
routine.

NOTE

When you select a module, all test areas for the module are displayed as
well as all the test routines for the first area of the test module.

3. Activate the test by pressing the desired Function Key.

Function Key Explanation

Use the Special Function Keys to exercise the selected test or sequence of tests. The
diagnostic menu displays the active function keys on the bottom of the menu.
Diagnostic software indicates current test activity by reversing the video of the
selected key(s). These keys are assigned functions as follows:

F1 STOP. Stops the selected test activity. The F1 is displayed on the menu
after the activation of a test or test sequence.

F2 RUN SELECTED. Runs the selected routine, the selected area tests, or the
selected module tests.
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F3 LOOP ON SELECTED. Continuously loops on the selected test, the
selected area tests, or the selected module tests. Press the STOP key to break
the loop.

F6 RUN All. Runs all test routines, all area tests, or all module tests depending
on where the cursor is placed on the diagnostic menu. For example: all tests
for all modules are run when the cursor is located in the modules field; all
areas for the selected module are run when the cursor is located in the area
field; and all routines of a specific area are run when the cursor is located in
the routine field.

F7 LOOP ON ALL. Loops on all test routines, all area tests, or all module tests
depending on where the cursor is placed on the diagnostic menu. For
example: all tests for all modules are continuously looped when the cursor is
located in the modules field; all areas for the selected module are continuously
looped when the cursor is located in the area field; and all routines of a
specific area are continuously looped when the cursor is located in the routine
field.

Interpreting Pass/Fail Indications

When a test is run, the Diagnostic Menu gives pass/fail information. For example,
assume that you are running all tests for all modules and that there were several
failures.

First, the diagnostic software cycles through all tests for all modules (refer to Table
9-1 for tests that can be exercised in an auto sequence). As the software exercises
the tests in sequence, it notes pass/fail status. If a test fails, the software retains
failure (index) information, then continues with the next test in sequence.

After all tests in the sequence are exercised, the software displays the first test, of
the first area, of the first module that failed. You can obtain failure information on
other modules by selecting through the modules and areas as previously described.

Notes Information

On-line (NOTES) documentation is available for each selection; module, area,
routine, and index. This explanatory information can be accessed by pressing the
NOTES key. Detailed information on each error index is located under Index
information provided with each detailed routine description later in this section.
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Using Diagnostics for System Verification

Diagnostics are designed to help verify the operation of the MPU board and
associated modules. The successful completion of all diagnostic tests verifies the
operational integrity of these modules. Also, any installed acquisition modules will
be supported with related module diagnostics. (Diagnostic software for acquisition
modules is described in acquisition module service manuals.) Thus, complete system
verification can be obtained by exercising all diagnostic tests for all modules.

Complete system verification should be done following module replacement/repair or
as part of an incoming acceptance inspection.

The procedure is as follows:
Load Diagnostic Software.
2. When the Diagnostic Menu is displayed, position the cursor to the module field
of the diagnostic menu.

3. Press the RUN ALL (F6) Special Function Key. This initiates the running of all
the tests for all the modules installed in the system. Testing will continue until
all the tests for all the modules have been run, or you press the STOP (F1)
Special Function Key.

4. The successful completion of all tests for all modules verifies system
functionality. If a test fails, refer to Troubleshooting Using System Diagnostics
below.

NOTE

RUN ALL will not run areas that have an "M" preceding the area
name. These tests must be manually selected and run.

Using Diagnostics for Troubleshooting
Diagnostic tests support troubleshooting to the module- and component-levels.

Module-Level Diagnostics.

Sequencing all module diagnostics (as described in Using Diagnostics for System
Verification) provides reasonable assurance that the MPU board and associated
peripherals are functional. When performing customer-site repair, replace the
indicated bad module, cycle power, and run the system verification sequence as

previously described.
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NOTE

After replacing a module, it is recommended that you exercise all
module tests (including manual diagnostic routines) to provide more
complete performance verification of the replaced module in the system
environment.

Component-Level Diagnostics.

Diagnostic tests support troubleshooting and repair of the MPU board to the
component level. (Refer to the applicable acquisition module service manuals for
related component-level diagnostic tests.)

The

fault isolation capability of the Diagnostic routines can usually identify circuit

failures to five parts LSI or one part VLSI. Thus, diagnostic software, coupled with
the use of module theory, circuit schematics, component location drawings, etc., can
help a technician efficiently locate and repair circuit failures at the component level.

Fault isolation and repair of a known bad module can be efficiently performed by
following the general troubleshooting procedures outlined below.

1. With the known bad module installed, cycle power then load diagnostic software.

9-16

Move the cursor to the module field and select the known bad module using
either the KNOB or the SELECT key.

Press the desired Function Key (F6 or F7) to exercise tests for the selected
module.

Note the pass/fail indications in the module, area, and routine fields. Note
especially the index number(s) displayed for any failed routines.

Use the NOTES key to obtain abbreviated troubleshooting information on the
failed area and routine.

Note the "expected"” and "actual” data and the index number following the failed
routine. Locate troubleshooting information for a particular index number in
the detailed test description located later in this section.

If additional information is needed, refer to the MPU board theory, schematics,
component location drawing, etc., elsewhere in this manual.

At this point, you can attach test equipment at key circuit points on the module
and then exercise the failed routine (or area) using LOOP ON SELECTED for
intermittent failures, and RUN SELECTED for hard failures.

NOTE

Figure 8-1 shows a diagnostic test trigger test point (J390) on the MPU
board. A trigger signal is applied to this test test point each time a
diagnostic test is initiated (excluding kernel diagnostic tests that are
exercised as part of the boot process).
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9. Make the necessary repairs then cycle power and run the complete set of tests
for the module to verify repair.

10. Repeat Steps 2-9 for any other failures.

This completes the instructions for using System Diagnostics.

TEST DESCRIPTIONS

The following is a detailed