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PREFACE

The 062-7124-02 manuals package consists of the 1240/1241 Service Manual (volumes 1 and 2)

and various addenda. The 1247 Service Manual Addendum, included in the two-volume set,

provides additional support for the 1241 Logic Analyzer. Each manual and addendum in the set has

its own part number starting with the prefix 070. Manual part numbers are located on the manual ti-

tle page.

The 1240/1241 Service Manual provides information that allows service technicians to check,

troubleshoot, repair, and maintain the 1240 and 1241 Logic Analyzers. When servicing a 1241

Logic Analyzer, use both volumes of the service manual and the 1241 Service Manual Addendum

to find complete troubleshooting information. For detailed operating instructions, refer to the

1240/1241 Operator's Manual.

This manual is designed for use by a qualified service technician having moderate experience with

digital circuitry. Familiarity with both TTL and ECL logic families is assumed. Familiarity with and the

ability to operate standard test instruments used on digital circuitry, such as an oscilloscope or log-

ic analyzer, is also assumed.

Troubleshooting of the 1240 and 1241 Logic Analyzers is based on the internal diagnostics. The di-

agnostics produce an on-screen error index message that allows the service technician to quickly

identify instrument failure. This manual translates these error indexes into a list of probable causes

for instrument failure and lists recommended repair actions.

This manualis divided into 12 sections, foundin two volumes. Each sectionis preceded by a tabbed

page for quick reference. Other reference aids included:

¢ Manual Table of Contents — refer to the Table of Contents at the beginning of the manual for a

breakdown of sections.

¢ Section Table of Contents — refer to the Table of Contents at the beginning of each section for

a detailed breakdown of section contents.

¢ Diagnostic Page-Bleed Tabs — refer to the Troubleshooting and Repair section for page-edge

bleed tabs that indicate, by their vertical page position, which module’s diagnostic information

is currently being accessed.

WHAT THIS MANUAL CONTAINS

VOLUME 1

Section 1 - GENERAL INFORMATION. Provides a basic description of the logic analyzers and an

overview of the instrument controls and indicators. It also describes the operating and diagnostic

menu layouts.

Section 2 — SPECIFICATIONS. Lists electrical, mechanical, and environmental specifications of

the logic analyzer.

Section 3 - OPERATING INFORMATION. Describes the logic analyzer’s power requirements, and

lists the probe, pack, and I/O connections. Refer to the 1240/1241 Operator’s Manual for complete

operating instructions.
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Section 4 - THEORY OF OPERATION. lilustrates basic operation by introducing logical function

blocks and by showing their relationship to the instrument modules. Also, this section describes the

system architecture and the difference between the 1240D1 and 1240D2 acquisition cards.

Section 5 — VERIFICATION AND ADJUSTMENT PROCEDURES. Contains functional check

procedures, adjustment procedures, and performance verification procedures.

Section 6 - DISASSEMBLY AND INSTALLATION PROCEDURES. Describes disassembly and
reassembly procedures for instrument pieces.

Section 7 - MAINTENANCE. Contains information necessary to maintain the logic analyzers,
including general precautions and preventive and corrective maintenance items.

Section 8 - TROUBLESHOOTING AND REPAIR. Contains information on the diagnostic tests.
The diagnostic test descriptions, associated error indexes, and probable failure causes and

solutions are grouped by module name with page-bleed tabs. Also provided are recommended

repair practices for parts of the instrument not tested by diagnostics.

VOLUME 2

Section 9 - REPLACEABLE ELECTRICAL PARTS. Contains a list (including Tektronix part
numbers) of all replaceable electrical parts in the logic analyzers.

Section 10 - SCHEMATIC DIAGRAMS. Contains schematics as well as board and component

locator diagrams and tables. The schematic diamond numbers refer to instrument theory discus-

sions located in the Theory of Operation section.

Section 11 - REPLACEABLE MECHANICAL PARTS. Contains a list (including Tektronix part

numbers) of all replaceable mechanical parts in the logic analyzers and provides illustrations to

show the location of each of these parts.

Section 12 - GLOSSARY. Provides an alphabetical list of signal names and their corresponding

descriptions.
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OPERATOR’S SAFETY SUMMARY

The general safety information in this summary is for both operator and service personnel. Specific

cautions and warnings are found throughout the manual where they apply, but may not appear in

this summary.

TERMS IN THIS MANUA-
sss ss Ss sear Sues es ewes oo

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 one reads the marking,

or a hazard to property including the equipment itself.

DANGER indicates a personal injury hazard immediately accessible as one reads the marking.

SYMBOLS AS MARKED ON EQUIPMENT

4 DANGER — High voltage.

eS Protective ground (earth) terminal.

Z\ ATTENTION — refer to manual.

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.

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 to the product. A
protective-ground connection by way of the grounding conductor in the power cord is essential for
safe operation.

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 insulating) can render an electric shock.

xxiii



1240 Service Vol. |!

Xxiv

USE THE PROPER POWER CORD

Use only the power cord and connector specified for your product, and be sure it is in good

condition.

Refer to the Operating Information section of this manual for information on power cords and

connectors.

USE THE PROPER FUSE

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

fied in the parts list for this product. Also, ensure that the line selector switch is in the proper posi-

tion for the power source being used.

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

To avoid explosion, do not operate this product in an explosive atmosphere unless it has been spe-

cifically certified for such operation.
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SERVICE SAFETY SUMMARY

FOR QUALIFIED SERVICE PERSONNEL ONLY
Refer also to the Operator’s Safety Summary.

DO NOT SERVICE ALONE

Do not perform internal service or adjustment of this product unless another person capable of ren-
dering first aid and resuscitation is present.

USE CARE WHEN SERVICING WITH POWER ON

Dangerous voltages exist at several points in this product. To avoid personal injury, do not touch
exposed connections and components while power is on.

Disconnect power before removing protective panels, soldering, or replacing components.

USE CAUTION WHEN SERVICING THE CRT

The CRT should be serviced only 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.

REMOVE THE LOOSE OBJECTS
o

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.

XXV
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GENERAL INFORMATION

INTRODUCTION

The Tektronix 1240 Logic Analyzer is a portable logic analysis instrument useful in the design,

manufacture, and service of digital-based products. The 1240 Logic Analyzer has the following

features:

9-channel (100 MHz) or 18-channel (50 MHz) acquisition cards, or a combination of both (total

channel width from 9 to 72 channels using up to four acquisition cards)

dual, independent timebases that allow correlation of synchronous and asynchronous data

a nonvolatile memory that retains patterns of instrument setup parameters after power-down

remote operation with the GPIB or RS232C interface

self-test diagnostic routines that provide troubleshooting failure information

The 1240 Logic Analyzer displays information on a 7-inch (diagonal) raster-scan CRT. A keyboard

consisting of numeric entry keys, menu selection keys, and other controls is located on the front

panel of the instrument. Acquisition probe and ROM/RAM pack connections are made on the right

side, while connections for external triggers and communication packs are made on the rear panel

of the instrument.

1240 INSTRUMENT RECONFIGURATION

If, at any time, the specific application for which your 1240 Logic Analyzer was configured changes,

it may be necessary to change the combination of 1240D1 and 1240D2 acquisition cards installed

in the instrument. To order additional acquisition cards and probes, contact your local Tektronix

representative.

NOTE

If, at any time, you change the 1240 acquisition card configuration, a qualified

service technician should check the power supply jumper A07J444 to ensure

that the 1240 is configured to supply the correct amount of power to the

current number of installed acquisition cards. To determine the need for a

power supply jumper change, refer to the Maintenance section of this

manual.

1-1
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START STOP AUTO
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4340-1

Figure 1-1. 1240 keyboard layout.

KEYBOARD DESCRIPTION

The keyboard is divided into seven functional areas (refer to Figure 1-1). The following paragraphs

present general descriptions of these areas and their associated keys. For more information, refer

to the 1240 Operator’s Manual.

(1) Execute Keys

START - Starts data acquisition. When the trigger event specified in the Trigger Spec menu is

found, the 1240 fills acquisition memory, then automatically stops and displays the acquired data in

State Table or Timing Diagram format. While the 1240 is running, it displays information on the sta-

tus of the trigger search. In diagnostic testing, this key starts the test or tests selected by the soft

keys. The 1240 will automatically stop and display the results when the tests are complete, unless

looping was selected.

STOP - Stops data acquisition immediately (regardless of the status of the trigger search) and

displays acquired data. During diagnostic testing, this key stops the 1240 from looping on a test or

group of tests. STOP has no effect if looping is not selected.

AUTO - Starts a sequence of repeated data acquisitions based on the setup in the Trigger Spec

and Auto-Run Spec menus. When the trigger event specified in the Trigger Spec menu is found, the

conditions set up in Auto-Run Spec determine whether the 1240 stops, displays data, or continues

to acquire. In diagnostic testing, this key has no effect except during the manual keyboard test.
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(2) Menu Keys

These keys let you access groups of related menus. Each menu key has an LED in the center; the

LED is lit when that menu group is in use. In diagnostic testing, none of these keys has any effect

except during the manual keyboard test.

CONFIG - Lets you access the Operation Level, Timebase, Memory Config, and Channel Grouping

menus. These menus work together to determine how the 1240 acquires and stores data.

TRIGGER -— Lets you access the Trigger Spec and Auto-Run Spec menus. These menus define the

trigger conditions.

DATA - Lets you access the State Table and Timing Diagram data display formats.

EDIT - Lets you access the Search Pattern Entry and Reference Memory Editor menus. These

menus provide tools for manipulating stored data.

UTILITY - Lets you access the Storage Memory Manager menu. If a COMMunication pack is

installed, a COMM Port Control menu is also available. Another menu may be available if a ROM

pack is installed (though not all ROM packs provide menus).

(3) Data Entry Keys

In diagnostic testing, none of these keys has any effect except during the manual keyboard test.

0-F — Used for numeric data entry. If the field requires a specific radix, some keys may not be legal.

X - Indicates that the value of a channel or character is not considered.

Glitch - Indicates that a glitch, rather than data, is the value to be tested for.

(4) Power Switch

Controls dc power from the power supply. This switch and the MAIN POWER SWITCH on the back

panel (refer to Figure 1-2) must both be ON for the 1240 to power up. This switch automatically be-

gins execution of diagnostic testing when turned on. If no failures are detected, the 1240 will go di-

rectly into normal operation. Otherwise, the test results will be displayed on the screen.

(5) Cursor Control Keys

CURSOR - These four keys move the blinking field cursor within menu fields and from one menu

field to another. The cursor must reside in a field before you can make changes to that field. In diag-

nostic testing, these keys function exactly as they do during normal operation.

NEXT — Advances the blinking field cursor to the next menu field to the right. If the cursor is posi-

tioned on the last field on a line, NEXT moves the cursor to the first field in the next line.

(6) Select Keys

These keys are used in some menu fields to choose from predetermined field values. In diagnostic

testing, these keys function exactly as they do during normal operation.

1-3
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(7) Scroll Knob

The knob’s main function is to scroll through acquired data. It also serves as an alternative to the

SELECT keys when choosing from predetermined values in certain menu fields. A label describing

the current function of the knob is displayed in the upper-right corner of the screen. If the knob can-

not be used in a particular situation, no label appears. During diagnostic testing, the scroll knob

serves as an alternate to the Select keys.
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Figure 1-2. 1240 rear panel layout.

REAR PANEL DESCRIPTION

The following is a description of the 1240 rear panel input/output connectors and controls.

(1) Fuse

There are two versions of the 1240 Power Supply Board. Unless the board has been replaced, in-

struments with serial numbers BO79999 and below contain board number 670-7534-05, and

instruments with serial numbers BO080000 and above contain board number 670-7534-06.

670-7534-06 670-7534-05 APPLICATION

7AF/250 V (3AG) 5AF/250 V (3AG) 115 V line select

4AF/250 V (3AG) 2.5AF/250 V (DIN) 230 V line select

Refer to the Replaceable Electrical Parts section for a list of fuse part numbers. Refer to the

Replaceable Mechanical Parts section for a list of the fuse cap part numbers.
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(2) AC Power Connector

The ac power connector accepts a detachable line cord. For a list of standard accessory power

cords, refer to the Replaceable Mechanical Parts section.

NOTE

Before using a 230 V power source, install the correct size fuse and fuse cap.

(3) Line Selector

The LINE SELECTOR allows the choice of operating with either a 115- or 230-volt ac power

source.

(4) Ext Trig (In/Out)

The external trigger input allows a separate instrument to start or stop 1240 acquisitions. The

output supplies a pulsed or latched high TTL signal indicating a 1240 trigger.

(GS) CRT Control (Contrast)

The CONTRAST knob controls the brightness of the CRT display.

(6) Video (Out)

The VIDEO OUT BNC connector supplies a composite video signal corresponding to the present

1240 screen display. The output is RS170-compatible.

(7) Main Power Switch

The rear panel MAIN POWER SWITCH applies or removes ac power from the 1240. The battery-

powered nonvolatile memory retains information when the power is removed.

1-5
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OPERATION MENU OVERVIEW

All 1240 operations are controlled by selections you enter into menus displayed on the screen.

There are five groups of related menus; each group is accessed by a MENU key located on the

front panel keyboard. Figure 1-3 shows which operation menus are accessed by each MENU key.

Detailed descriptions of each menu are provided in the 1240 Operator’s Manual. The default menus

are those at the far left of each group in Figure 1-3.

CONFIG

TRIGGER

DATA

EDIT

UTILITY

Touch-Sensitive Menu Soft Keys Front Pane!

on the Screen Menu Keys
To change menus, touch the screen where Each key accesses

the menu name is displayed. a different group

of menus.

4340-2

Figure 1-3. Operation Level menu overview showing list of menus

accessed by each MENU key.

Along the top and bottom of the screen are touch-sensitive soft keys. The soft key in reverse video

corresponds to the menu currently displayed on the screen. Change menus by touching the desired

menu's soft key. The 1240 acknowledges the menu change with a short beep, displays the new

menu, and changes that menu soft key to reverse video.

Many of the 1240 operation menus are interrelated; a change in one menu may affect selections

available in other menus. Tables 8-1 through 8-4 in the 1240 Operator’s Manual list the effects on

other menus after changes are made in the Operation Level, Memory Config, Timebase, and

Channel Grouping menus. The 1240 changes entries in other menus only when you exit the altered

menu. If you make a change, reversing it before you leave that menu, no change is made to other

menus.
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DIAGNOSTIC MENU OVERVIEW

The Main Diagnostic menu is automatically entered if the 1240 power-up diagnostics detect a

failure. The diagnostics report test failure results using three different menu displays (refer to Figure

1-4). The menus, in hierarchical order are: Main Diagnostic, Module Diagnostic, and Area

Diagnostic menus. The diagnostic menus display failure information ranging from the most general

level (module testing) to the most specific (component group testing) by successively dividing the in-

strument tests into circuitry groups called modules, areas, and routines. Routines that run within a

selected area provide the most specific ievei of testing information. Tne routine’s test resuits

indicate operational status (if possible) with a PASS, FAIL, or **** message and a corresponding er-

ror index number. The **** designation indicates a test not run for either of the following reasons:

the test requires too much run time to be a power-up test, or an acquisition probe required for the

test was not connected. The error index numbers point to a list of probable causes for failure and

repair solutions, located in the Troubleshooting and Repair section.

Menu selections are made using soft keys located at the top of the 1240 screen. In addition to the

MAIN, MODULE, and AREA DIAGNOSTIC menu soft keys, there is an ENTER NORMAL

OPERATION soft key. This soft key allows you to bypass the diagnostics and enter normal

operation when FAIL messages occur in areas not critical to the intended use of the 1240 (i.e., if the

failure was on an acquisition card not required for the current application). Function selections

within a menu are made using the soft keys at the bottom of the 1240 screen.

MAIN

DIAGNOSTIC

OPERATION

TEST THE

SELECTED

MODULE

|___.TEST

ALL THE

MODULES

MODULE 
OPERATIONDIAGNOSTIC ouattts AREA NORMAL LEVELSOFT KEYS GNOSTIC DIAGNOSTIC OPERATION MENU

a |
LOOP ON LOOP TEST TEST THE
SELECTED ON ALL ALL THE SELECTED
AREA AREAS AREAS AREA

AREA

DIAGNOSTI MAIN AREA ENTER
SORT KEYS: DIAGNOSTIC DIAGNOSTIC DIAGNOSTIC | sas,

oN
LOOP ON LOOP RUN RUN THE

SELECTED ON ALL ALL THE SELECTED

ROUTINE ROUTINES ROUTINES ROUTINE

4342-02

Figure 1-4. Diagnostics menu overview showing the link between diagnostic menus.
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MAIN DIAGNOSTIC MENU

The 1240 automatically displays the Main Diagnostic menu (Figure 1-5) if an error occurs during the

power-up tests. The Main Diagnostic menu divides the instrument into 11 testable modules. In this

menu, the 1240 displays the module names, a PASS/FAIL message, the area name, the routine

number, and resulting error index number for any modules that failed.

14246 DIAGNOSTICS VER. 7-2

MAIN ENTER
DIAGHOSTIC NORMAL

OPERATION

MODULE AREA ROUTINE INDEX

1/0 PASS
FRONTPANEL PASS
DISPLAY FAIL RVIDEDO 4 3441
CONTROL PASS
TRIGGER PASS
1246Di-1 PASS

LOOP LOOP ON TEST
ON ALL SELECTED ALL THE

MODULES MODULE MODULES

4342-03

Figure 1-5. Main Diagnostic menu.

A description of the soft keys available in the Main Diagnostic menu follows.

1) TEST THE SELECTED MODULE. Pressing this soft key allows you to test only the module

currently displayed in the Module Select field. This selection is the default setting. It is in effect when

you enter the Main Diagnostic menu the first time after power-up. To choose the desired module,

use the SELECT 1 and | keys or the knob. The tests begin when you press the START key. Testing

ends when all tests for the module are completed or you press the STOP key.

2) TEST ALL THE MODULES. Pressing this soft key allows you to test all of the modules in the in-

strument. The tests begin when you press the START key. Testing ends when all modules are test-

ed. Selection of the TEST ALL THE MODULES operation causes all the previously recorded failure

information to be erased and replaced with the results of the tests currently running.

3) LOOP ON SELECTED MODULE. Pressing this soft key allows you to loop on tests available for

the module currently displayed in the Module Select field. To choose the desired module, use the

SELECT 1 and | keys or the knob. The tests begin when you press the START key. To end testing,

press the STOP key.
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4) LOOP ON ALL MODULES. Pressing this soft key allows you to loop on all tests for all modules.

The tests begin when you press the START key. To end testing, press the STOP key. Selection of

the LOOP ON ALL MODULES operation causes any previously generated PASS or FAIL message

to be updated with the results of the tests currently running.

5) MODULE DIAGNOSTIC. Pressing this soft key places you in the Module Diagnostic menu for the

module currently displayed in the Module Select field. To choose the desired module, use the

SELECT 1 and ! keys or the knob.ef ee ee ee Wwyyw ww

MODULE DIAGNOSTIC MENU

Enter the fault isolation tests by pressing the MODULE DIAGNOSTIC soft key. The Module

Diagnostic menu of Figure 1-6 divides a selected module into two or more areas (an exception be-

ing RAM pack testing with only one area). Within these areas, numbered routines test a group of

specific components. In this menu, the 1240 displays the area names, a PASS, FAIL, or ****

message, the routine number, and resulting error index numbers for areas that failed.

MAIN MODULEorale posthehr

MODULE= DISPLAY AREA= MOUS

AREA ROUTINE INDEX

RAM PASS
USCROLL PASS
HSCROLL PASS
RUIDES FALL sf 3444
HIGHLIGHT PASS
WAVEFORM PASS

LOOP LOOP ON TEST
ON ALL SELECTED ALL THE
AREAS AREA AREAS

4342-04

Figure 1-6. Module Diagnostic menu.

A description of the soft keys available in the Module Diagnostic menu follows.

1) TEST THE SELECTED AREA. Pressing this soft key allows you to run routines only on the area

currently displayed in the Area Select field. To select the desired area, use the SELECT 1 and !

keys or the knob. The tests begin when you press the START key. Testing ends when all routines

for the area are completed or you press the STOP key.

1-9
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2) TEST ALL THE AREAS. Pressing this soft key allows you to run all the routines in all the areas of

this module. The tests begin when you press the START key. Testing ends when all areas are test-

ed or you press the STOP key. Selection of the TEST ALL THE AREAS operation causes failure in-

formation to be displayed for any tests performed. A test that failed previously but now passes

causes the 1240 display to indicate the previous failure with a highlighted PASS indication.

3) LOOP ON SELECTED AREA. Pressing this soft key allows you to loop on routines for the area

currently displayed in the Area Select field. To choose the desired area, use the SELECT 1 and |

keys or the knob. The routines begin when you press the START key. To end testing, press the

STOP key.

4) LOOP ON ALL AREAS. Pressing this soft key allows you to loop on all routines for all areas in

this module. The tests begin when you press the START key. To end testing, press the STOP key.

Selection of the LOOP ON ALL AREAS operation causes all previously generated PASS or FAIL

messages for these areas to be updated with the results of the test currently running.

5) MAIN DIAGNOSTIC. Pressing this soft key places you in the Main Diagnostic menu.

6) AREA DIAGNOSTIC. Pressing this soft key places you in the Area Diagnostic menu for the area

currently displayed in the Area Select field. To choose the desired area, use the SELECT 1 and !

keys or the knob.

AREA DIAGNOSTIC MENU

Enter the most detailed level of fault isolation diagnostics by pressing the AREA DIAGNOSTIC soft

key. The Area Diagnostic menu (Figure 1-7) tests a selected area with specific numbered routines.

The routines isolate a problem to the fewest number of components possible. In this menu, the

1240 displays the routine number, address information, a PASS, FAIL, or **** message, and the re-

sulting error index number for routines that failed.

MAIN MODULE
DIAGNOSTIC} FDIAGNOSTIC

MODULE= DISPLAY

ROUTINE ADDR EXP ACT INDEX

4 ARGB 88 88 FAIL 3441

LOOP LOOP ON RUN
ON ALL SELECTED ALL_THE

ROUTINES ROUTINE ROUTINES

4342-05

Figure 1-7. Area Diagnostic menu.
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A description of the soft keys available in the Area Diagnostic menu follows.

1) RUN THE SELECTED ROUTINE. Pressing this soft key allows you to run only the routine

displayed in the Routine Select field. To choose the desired routine, use the SELECT 1 and | keys

or the knob. The test begins when you press the START key. Testing ends when the selected rou-

tine has been run or you press the STOP key.

2) RUN ALL THE ROUTINES. Pressing this soft key allows you to run all the routines in the

displayed list. The tests begin when you press the START key. Testing ends when all routines in the

list have been run or you press the STOP key. Selection of the RUN ALL THE ROUTINES

operation causes all of the previously generated failure information for these routines to be

replaced with the results of the tests currently running.

3) LOOP ON SELECTED ROUTINE. Pressing this soft key allows you to loop on the routine

currently displayed in the Routine Select field. To choose the desired routine, use the SELECT 1

and ! keys or the knob. The routine tests begin when you press the START key. Each time the 1240

executes a routine test, it updates the result, expected address, and actual address. To end

testing, press the STOP key.

4) LOOP ON ALL ROUTINES. Pressing this soft key allows you to loop on all the routines for the

specified area. Testing begins with Routine 1 when you press the START key. Selection of the

LOOP ON ALL ROUTINES operation causes all previously generated PASS or FAIL messages for

these areas to be updated with the results of the test currently running.

5) MAIN DIAGNOSTIC. Pressing this soft key places you in the Main Diagnostic menu.

6) MODULE DIAGNOSTIC. Pressing this soft key places you in the Module Diagnostic menu.

1-11
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SPECIFICATIONS

INTRODUCTION

In this section of the manual are the following 1240 instrument specifications.

Table Specification

2-1 1240 Eleciricai Specifications

2-2 1240D1 Electrical Specifications

2-3 1240D2 Electrical Specifications

2-4 Extender Board Limitations

2-5 1240 Environmental Specifications

2-6 1240 Physical Specifications

Items listed in the Performance Requirements columns are product specifications that can be

verified. if verification of the listed electrical characteristics is required for incoming inspection or

other purposes, the Verification and Adjustment procedures section lists the necessary steps and

test equipment.

Items listed in the Supplemental Information columns are either explanatory notes or performance

characteristics for which no limits are specified. They cannot be verified by the Verification and

Adjustment procedures listed in this manual.

PERFORMANCE CONDITIONS

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

1. The 1240 Logic Analyzer must be in an operating environment whose limits are listed in Table

2-5, 1240 Environmental Specifications.

2. The 1240 Logic Analyzer must have been calibrated at an ambient temperature between

+20°C and +30°C, after a 30-minute warm-up.

3. All specifications whose measurement involves the use of a Data Acquisition Probe have been

based on the P6460 probe. Any applicable conditions, not listed above but unique to a

particular characteristic, are expressly stated as part of that characteristic.
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Table 2-1

1240 ELECTRICAL SPECIFICATIONS

Characteristic

Performance

Requirements Supplemental Information

SAFETY

General

CRT

Complies with the requirements of UL 1244,

IEC 348, and CSA 556B.

UL, VDE (German X-radiation law), and TEK

standard 062-1860-00 (Product Safety

Standard for X-Radiation).

GLOBAL EVENT

Filter, global event UNCLOCKED

Separate 1240D1 and 1240D2

events

When N = 1:

Min. guaranteed event

accepted

When N = 2-16:

Max. guaranteed event

rejected

Min. guaranteed event

accepted

Mixed 1240D1 and 1240D2

events

Max. guaranteed event

rejected

Min. guaranteed event

accepted

Timebase period + 6 ns

(N—1)xT — 8ns

(NxT) + 2ns

(N—1})xT — 8ns

(NxT) + 20 ns

Event consists of inputs from all groups.

An event is not recognized uniess it is ac-

cepted by the global filter. These specifica-

tions are based on a 1240 equipped with

P6460 Data Acquisition Probes.

N is value of FILTER field; selections are 1-

16. T is value of ON field (filter timebase);

selections are T1 (when 11 active), T2 (when

T2 active), and 10NS.

N = 2-16

N = 1-16

Filter, global event CLOCKED

Accept 1240D1 and/or

1240D2 clocked events

NxT

N is value of FILTER field; selections are 1-

16. T is value of ON field (filter timebase) and

selection (T1, T2, 10NS) is same as sample

clock. Filtered event becomes valid on Nth

contiguous valid acquisition event.

Combined 1240D1 and 1240D2 ASYNC ac-

quisition requires additional 2 ns word width.

STORE ON (ON NOT) action

T1 event or T2 event

T1 event and T2 event

global event clocked:

Store data if event true for 20 ns

or more.

Store data for a timebase if both

events meet indiv. timebase spec.

and the other timebase event is

valid for 10 ns after the storage

clock.

global event unclocked:

Data valid +12ns - 20 ns with respect to

data clock.

Data valid +12 ns - 20 ns with respect to

data clock.
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1240 ELECTRICAL SPECIFICATIONS

Characteristic

Performance

Requirements Supplemenial Information

SEQUENTIAL EVENT Event may consist only of groups assigned

the same timebase.

Filter, accept event NxT N is the value of the FILTER field; selections

are 1-16. T is the period of the active time-

base for that level.

Sequence level execution rate 30 ns Time after sequential event occurs before

next level is allowed.

RESET action 40 ns

Storage qualification 30 ns Maximum rate for enable/disable.

TO OCCUR nnnn TIMES One count per valid event Iteration counter; count of valid events be-

fore sequential event is satisfied. Range is

1 - 9,999 event occurrences.

Delay (nnnn CLOCKS) 1 - 9,999 system clocks Count of clocks before sequential event is

satisfied.

RESET 40 ns Counter/timer reset takes 100 ns prior to

restart.

TRIGGER Trigger position is within one stored clock of

event causing trigger.

If reset and trigger occur together, a trigger

occurs.

When AFTER MEMORY FULL is the trigger

position seiection, a trigger before memory

is full causes a reset.

lf the counter/timer causes a trigger at the

same time that the sequential event causes

a reset, the 1240 will trigger and the counter-

/timer will be set to 0.

COUNTER/TIMER

COUNT mode

INCR CNTR One count per valid event (must

satisfy filter)

Range is 1 to 99,999,999,999 events.

TIME mode

START TIMER

TIME WHILE

Accuracy, start to stop:

+ 20ns

Timer value truncated to 4 digits.

Filter clock must equa! the sample clock.
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Table 2-1 (cont.)

1240 ELECTRICAL SPECIFICATIONS

Performance

Characteristic Requirements Supplemental Information

T2 DEMUX CONTROL Only first occurrence of next phase is valid.
Phase delay between first phase 10 ns min. Successive clocks without an intervening

(T2 F) and last phase (T2 L) alternate phase are ignored.

Phase delay between last phase 20 ns min.

(T2 L) and first phase (T2 F)

ASYNC TIMEBASE 10 ns to 1s in 1-2-5 increments (0.01%

average accuracy).

TWO TIMEBASE CORRELATION The 1240 can resolve the difference be-

tween a T1 and a T2 event if they occur 10

Resolution of precedence be- 10 ns ns or more apart. If they occur less than 10

tween timebases ns from each other, the timebase that was

previously indicated as occurring first will

now be indicated as occurring last.

EXT TRIG OUT 50 2 source Z

Vout high (open) 3.8 V min.

Vout high (50 ©) 1.9 V min.

Vout low (either) 0.6 V max., at 7 mA

Pulse width 70 ns min., 120 ns max.

Delay: probe tip clock to trigger 65 ns min., 90 ns max.

out

EXT TRIG IN

input resistance 1MQ + 1%

Input capacitance 37 pF + 5 pF

V-input, max. + 20V

Acceptance window See Figure 2-1. Window length = 100 ns:

window starts 50 ns after clock that causes

trigger.

x1 PROBES AND 50 2

TERMINATED COAX

input threshold 1.4V + 100 mV

Minimum pulse amplitude 1.8 V high, 1.0 V low

Minimum pulse width 20 ns

x10 PROBES

Input threshoid 1.4V + 500 mV

Minimum pulse amplitude 2.4 V high, 0.6 V low

Minimum pulse width 30 ns

Minimum slew rate 5 V/us

TIME BETWEEN TRIGGERS FOR Slave trigger located within 60 ns of master

LINKED 1240s trigger.

2-4
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Clock

Causing \
Internal _/
Trigger

External

Trigger in ~|-+ —_ |

Window K Trigger Window xX

External

Trigger in

Signal

ee 50ns ———— _ 100ns_

4342-06

Figure 2-1. External Trigger in acceptance window.

Pulse Width

8ns or 12ns + 0.2ns
—_ depending on

A14J510

TPG | J \
CLOCK

on K XKDATA /

= 83.3 * 0.2ns =

T1

“a 166.7 + 2% or T1/2 >

TPG A \ | \
CLOCK

76.0ns + 0.5ns

or

(11 - 7ns) -
TPG =DATA xX A xX AX A XK

|
6ns + 0.5ns

Figure 2-2. TPG clock and data outputs.
4342.150
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1240 ELECTRICAL SPECIFICATIONS

Characteristic

Performance

Requirements Supplemental Information

DISPLAY (cont.)

Video out Conforms to RS170; compatible with stan-

dard CRT monitors.

Contrast ratio Adjustable from 3:1 to 15:1 in a typically

illuminated work environment (500 LUX)

FAN CONTROL

Fan Speed **

Low Speed Voltage

High Speed Voltage

With 4 1240D2’s installed, fan switches be-

tween low and high speeds at approx. 30

deg. C room ambient. More lightly loaded

inst. will switch at higher temp.

95Vto11.5V

13.0 V to 15.0 V

** For instruments with serial number BO80000 and above.
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Table 2-1 (cont.)

1240 ELECTRICAL SPECIFICATIONS

Characteristic

Performance

Requirements Supplemental Information

TEST PATTERN GENERATOR

Clock period

mode 0 (no glitches)

mode 1 (with glitches)

mode 2 (no glitches)

mode 3 (with glitches)

83.3 ns + 2% (12 MHz)

166.7 ns + 2% (or 6 MHz)

T1

T1x2

See Table 3-4 for patterns (18 bits hex).

See Figure 2-2.

Timebase T1 is specified in the Timebase

menu. The TPG clock output is only valid

when T1 is < 50 MHz.

Pulse width 8 or 12ns + 0.5 ns 8 or 12 ns depending on strap A14J510 (12

ns - pins 1,2 or 8 ns - pins 2,3)

Vout + 350 mV min. about V th Vth = +5V (measured) — 1.30 V.

Nominal V th = 3.70 V.

Skew, channel - channel + 1.5 ns

Delay, clock - data ins + 1.50 ns max.

Glitch modes (1 or 3)

Clock period

Glitch width

Glitch amplitude

166.7 ns + 2%orTx2

6.5 ns + 1.0 ns

+ 300 mV min. about V th

See Figure 2-2.

Vth = +5V (measured) — 1.30 V.

Nominal V th = 3.70 V.

POWER

AC power input requirements

high line

low line

frequency

power

132 V or 250 V

90 V or 180 V

48 Hz to 440 Hz (singie phase)

500 VA max., 5 A max.

+12 V supplies * One supply is for the CRT Drive and COMM

Pack port, the other is for the rest of the inst.

regulation + 5% (11.4 V min., 12.6 V max.) | Measured on the Interface Bd.

ripple 1 V p-p max. Measured on the Interface Bd.

rated 0 A min., 1 A max. (each)

current limit point 1.0 A min., 2.5 A max.

+13 V supply ** (12.5 V) This supply was a +12 V supply; it is used

by the CRT drive and the COMM Pack port.

regulation + 3% (12.1 V min., 12.9 V max.) | Measured on the Interface Bd.

ripple 0.5 V p-p max. Measured on the Interface Bd.

rated 0 Amin., 1.5 A max.

current limit point 1.8 A min., 2.5 A max.

* For instruments with serial number B079999 and below.

** For instruments with serial number BOQ80000 and above.
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1240 ELECTRICAL SPECIFICATIONS

Characteristic

Performance

Requirements Supplemental Information

POWER (cont.)

+5 V supply

regulation

ripple

rated current:

1 or 2 acquisition cards

3 or 4 acquisition cards

current limit @ 90 V line

1 or 2 acquisition cards

3 or 4 acquisition cards

over-voltage protection point

+ 3% (4.85 V min., 5.15 V max.)

100 mV max.

Measured at any point on the Interface Bd.

+ 1% measured at the voltage sense point

on the Interface Bd.

Low load setup: 11.6 A min.

29.0 A max.

High load setup: 30.0 A min.

45.0 A max.

Includes +3 V supply current. Measured

w/max. specified load on all other supplies,

fan running low speed.

Low load setup: 29 A min.

34 A max.

High load setup: 46 A min.

52 A max.

6.2 V + 10%

+ 3 V supply

regulation —1.90 to —2.10 V (below +5 V) | Measured at voltage sense point on Inter-

face Bd.

ripple 100 mV max. Measured on Interface Bd.

rated current 0 Amin., 8.0 A max.

current limit point 8.0 A min., 9.0 A max.

—5 V supply

regulation + 5% (4.75 V min., 5.25 V max.) | Measured on Interface Bd.

ripple 200 mV max. Measured on Interface Bd.

rated current 0 A min., 0.8 A max.

current limit point 0.8 A min., 2.2 A max.

—12 V supply

regulation + 5% (11.4 V min., 12.6 V max.) | Measured on Interface Bd.

ripple 1 V max.

rated current 0 A min., 0.28 A max.

current limit point 0.3 A min., 1.0 A max.

DISPLAY

Power requirements +12 VDC at1.0A

Signal inputs Video: high = ON

Horiz.: Negative at connector

Vert.: Positive at connector

Input levels Standard TTL

Video Response 30 V in 20 ns with < 10% aberration

High voltage 10 + 0.5 kV At 40 uA beam current

Scanning Frequency Horiz.: 15,360 Hz + 500 Hz

Vert.: 60 Hz
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Table 2-2

1240D1 ELECTRICAL SPECIFICATIONS

Characteristic

Performance

Requirements Supplemental Information

MEMORY CONFIGURATION

Width 9 stored data channels; 1 non-stored clock/-
qualifier channel!

Depth Glitches On / Glitches Off

no chaining 257 513
2 1240D1s chained 513 1025
3 1240D1s chained 769 1537
4 1240Dis chained 1025 2049

TIMEBASE GENERATION

Clock input

pulse width

period

amplitude

8 ns min.

20 ns min.

+ 350 mV min. above and below

programmed threshold

Min. time between OR’d clocks is 25 ns.

Qualifier input Values based on a 1240D1 with a P6460

acquisition probe.
setup time 11 ns max. Single selected qualifier driven.
hold time 0 ns max.

SYNCHRONOUS OPERATION Uses signals specified by the operator in the

Timebase menu. Can be used with all

timebases.

Data, all channels Data word width = 14 ns min. Setup and

hold values based on a 1240D1 with a

P6460 acquisition probe.

Setup time 7 ns 4 ns setup time for single channel driven.

Hold time 0.5 ns Hold time is 2 ns if data is acquired on one

acq. card and the clock source is on the

other acq. card.

(T1 sourced from same 1240D1

card)

Amplitude + 350 mV min. above and below
programmed threshold

SYNC events

global event for all channels

sequential event for all

channels

At max. SYNC rate, any input event meeting

setup and hoid times and minimum word

width.

At max. SYNC rate, recognize any input

event meeting setup and hold times and

minimum word width. Up to 14 different

events, one per sequence level.

ASYNCHRONOUS OPERATION

Data min. word width guaranteed

to be sampled

Timebase period + 6 ns Timebase period selectable from 10 ns to 1s

in 1-2-5 increments.

Timebase period + 8ns with 1240D2

N samples of word requires (NXT) + 6ns

min. word width (or NxT+ 8ns_ with

1240D2).
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1240D1 ELECTRICAL SPECIFICATIONS

Characteristic

Performance

Requirements Supplemental Information

Glitch capture

glitch width

glitch amplitude + 350 mV above and below pro-

grammed threshold

6 ns at threshold (single channel) at max.

glitch/data transition rate of 30 ns.

A glitch may be detected as both glitch and

data if the transition occurs within 2 ns of the

sample clock.

ASYNC events

Global event for all channels, min.

data word width guaranteed to be

sampled:

clocked

(1,0,X, )

unclocked

(1,0,X)

Timebase period + 6 ns

16 ns min.

Timebase period + 8 ns with 1240D2

Minimum width of valid event when global

filter = 1 at 10NS and no 1240D2 channels

specified.

Sequential event

(1,0,X)

Timebase + 6 ns Up to 14 different events, one per sequence

level.

Timebase period + 8ns with 1240D2

For both global and sequential events, N

samples of word requires (NXT) + 6ns min.

word width (or NxT + 8ns with 1240D2).

PROBE THRESHOLD

Threshold range Selectable from +6.35 to —6.35 V in 50 mV

increments; also includes preset values for

TTL (41.4 V), TPG (+3.70 V), —ECL

(—1.30 V).

Threshoid accuracy with probe + 0.5% + 65 mV

Threshold accuracy on card only + .25% of TH--4 +8mV (measured at probe

connector, with offset sense connected to

GND sense and 10.5K (0.1%) between J620-

16 and -13)
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Table 2-3

1240D2 ELECTRICAL SPECIFICATIONS

Characteristic

Performance

Requirements Supplemental Information

MEMORY CONFIGURATION

Width 18 stored data channels; 2 non-stored

clock/qualifier channels

Depth

no chaining 513

2 1240D2s chained 1025
3 1240D2s chained 1537
4 1240D2s chained 2049

TIMEBASE GENERATION

Clock input

pulse width

period

amplitude

8 ns min.

20 ns min.

+ 350 mV min. above and below

programmed threshold

Min. time between OR’d clocks is 25 ns.

Qualifier input Values based on 1240D2 with P6460 acqui-

sition probes.

setup time 11 ns max. Single selected qualifier driven.
hold time 0 ns max.

SYNCHRONOUS OPERATION Uses signals specified by the operator in the

Timebase menu. Can be used with all

timebases.

Data, all channels Setup and hold values based on 1240D2

with P6460 acquisition probes.

Setup time 12 ns

Hold time Ons

Amplitude + 350 mV min., above and below

programmed threshold

SYNC events

global event for all channels

sequential event for ail

channels

At max. SYNC rate, any input event meeting

setup and hold times.

At max. SYNC rate, recognize any input

event meeting setup and hold times. Up to

14 different events, one per sequence level.

ASYNCHRONOUS OPERATION

Data min. word width guaranteed

to be sampled

Timebase period + 6 ns Timebase period selectable from 20 ns to1s

in 1-2-5 increments.

Timebase period + 8ns with 1240D1

N samples of word requires (NXT) + 6ns

min. word width (or NxT4+ 8ns_ with

1240D1).
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1240D2 ELECTRICAL SPECIFICATIONS

Characteristic

Performance

Requirements Supplemental Information

ASYNC events

Global event for all channels

clocked

(1,0,X)

unclocked

(1,0,X)

Timebase period + 6 ns

16 ns min.

Data stored may be different than that re-

cognized by event recognizer.

Timebase period + 8ns with 1240D1

Minimum width of valid event when global

filter = 1 at 1ONS and no 1240D1 channels

specified.

Sequential event

(1,0,X)

Timebase period+ 6 ns Up to 14 different events, one per sequence

level.

Timebase period + 8ns with 1240D1

PROBE THRESHOLD

Threshold range Selectable from +6.35 to —6.35 V in 50 mV

increments; also includes preset values for

TTL (41.4V), TPG (4+3.70V), —ECL

(—1.30 V).

Threshold accuracy with probe

Threshold accuracy on card only

+ 0.5% + 65 mV

+ .25% of TH+4 + 8mV (measured at probe

connector, with offset sense connected to

GND sense and 10.5K (0.1%) between

threshold sense and threshold out.)
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Table 2-4

EXTENDER LIMITATIONS*

Characteristic Description

1240D1 OR 1240D2 ON EXTENDER

Sequence Level Changes from 30 ns to 35 ns

Execution Rate

Maximum Clock Rate 1240D1, GLITCHES OFF: 20 ns
1240D1, GLITCHES ON: 22ns

Data Hold Time Increases vary with configuration. Maximum increases are:

1240D1 data hold time increases from 2 ns to 4ns.

1240D2 data hold time increases from Ons to 2 ns.

Qualifier Setup/Hold Times Increases vary with configuration. Maximum increases are:

Qualifier setup time increases from 11 ns to 15 ns.

Qualifier hold time increases from Ons to 2 ns.

Two-Timebase Resolution Increases from 10 ns to 12 ns

T2 DEMUX Control Extender adds 5 ns to both minimum delays between phases. T2F-T2L phase

delay increases from 10 ns to 15ns. T2L-T2F phase delay increases from

20 ns to 25ns.

Triggering Global and sequential trigger are quaranteed only if the clock source and event
recognizer source are both from the extended board or both from non-

extended boards.

Two-timebase sequential triggering is not guaranteed for timebases that are

asychronous to each other.

DISPLAY BOARD ON EXTENDER

Counter/Timer Counter/timer output is deiayed. Position of counter/timer trigger is within one

stored clock of event causing trigger.

TRIGGER BOARD ON EXTENDER

Sequence Level Changes from 30 ns to 35 ns

Execution Rate

Maximum Clock Rate 1240D1, GLITCHES OFF: 20 ns

1240D1, GLITCHES ON: 22ns

T2 DEMUX Control Extender adds 5 ns to both minimum delays between phases. T2F-T2L phase

delay increases from 10 ns to 15ns. T2L-T2F phase delay increases from

20 ns to 25 ns.

Triggering Two-timebase sequential triggering is not guaranteed for timebases that are
asychronous to each other.

* Refer to the Extender Board Instructions for more information.

2-12
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Table 2-5

1240 ENVIRONMENTAL SPECIFICATIONS

Characteristic Description

TEMPERATURE

Maximum operating

Minimum operating

Non-operating

TPG calibrated operating

+55°C

—10°C

—62°C to +85°C

20°C to 30°C

HUMIDITY 95% to 97% relative humidity (Five 24 hr. cycles at 30°C to 60°C, instrument

must reside in < 70% relative humidity for two hours before and during

operation)

ALTITUDE

Operating 4.5 km (15,000 ft.)

Non-operating 15 km (50,000 ft.)

VIBRATION, operating

Displacement

Frequency range

0.025 inch (0.64 mm)

10 to 55 Hz

SHOCK 30 Gs, halfsine, 11 ms duration, 18 shocks total, 3 on each face

ELECTROMAGNETIC Meets FCC part 15, sub-part J, class A, without probes. Meets VDE 0871,

INTERFERENCE class B, without probes.

Table 2-6

1240 PHYSICAL SPECIFICATIONS

Characteristic Description

WEIGHT 12.0 kg (26.5 Ibs.)

OVERALL DIMENSIONS

Height (handle folded back)

Width (including handle)

Length (including protective front

cover)

Length (handle extended)

See also Figure 2-3.

19.7 cm (7.8 inches)

36.8 cm (14.5 inches)

49.8 cm (19.6 inches)

57.6 cm (22.7 inches)



Specifications—1240 Service Vol. |

2-14

——

(32.2 cm.)

‘

18.75 in.

(47.6 cm.)

Figure 2-3. 1240 dimensions.
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OPERATING INFORMATION

POWER REQUIREMENTS

The 1240 Logic Analyzer operates from a nominal 115 or 230 V, 48 to 63 Hz, single-phase power

source. Before connecting the mainframe to a power source, verify that the LINE SELECTOR on

the mainframe’s rear panel shows the correct nominal voltage for the power source being used.

Figure 3-1 shows the location of the LINE SELECTOR.

If the selector shows the wrong voltage for the power source being used, push the LINE

SELECTOR switch to the appropriate position. Also, change the line voltage fuse located in the

holder labeled FUSE, positioned above the LINE SELECTOR (refer to Figure 3-1). To access the

fuse, twist the spring-loaded fuse holder counterclockwise. A label listing the fuse requirements is

located beside the LINE SELECTOR. Refer to the Replaceable Electrical Parts section for a list of

fuse part numbers.

Before applying power to the mainframe, verify that the LINE SELECTOR,

the line voltage fuse, and the power cord are compatible with the power

source being used.

rear Freeeese ss es

OOO00000

OOOOOO0000

DOOOOO0o000080 eee
ODOOOODOOODOOODfe serene
OODODOODODDOODOGDGJ 1.CATOon
OOO00 DOOOO parce | cane
QOOO00 OOO00 Geese
OOO0O OoOood ~. |e
QOOO0U pogdo Oo!

OQOQOUOOOOGOO0D00*
OOOUOQOOO0O0000
QOUOQO0OQOQ0O0000
OoOoo00o000

CAUTION MAIN POWER SWITCH

oPERAtTOR SERVICEABLE PARTS
INSIDE REFER SERVvic ING TO
QUALIFIED NEL DISCON
NECT POWER BEF OR E SERVICING

LINE SELECTOR

CATCONTROL

| leCONTRAST |

oS]
EXT TRIG

MAINFRAME SERIAL NO FIRMWARE VERSION

TIL ___J
CARD SERIAL NO

aoe
Figure 3-1. 1240 rear panel.

al
4342-09
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POWER CORDS

The 1240 uses a three-wire power cord with a three-contact plug for connection to the power

source and to protective ground. The plug protective-ground contact connects to the accessible

metal parts of the instrument through the power cord protective-grounding conductor. For

protection against electrical shock, insert this plug into a power source socket that has a securely

grounded protective-ground contact.

| WARNING }

Hazardous voltages may be present on the exposed metal surfaces of the

mainframe if the power source socket’s protective ground connection is not

securely grounded.

The 1240 is shipped with a 120 V power cord unless ordered differently. The power cords available

for the 1240 are shown in Figure 3-2. For information regarding these power cords, refer to the Re-

placeable Mechanical Parts section, or contact your Tektronix representative, or the nearest Field

Office.

Standard Option A1 Option A2

North American Universal Euro UK

120V / 15A 220V / 16A 240V / 13A

Option A3 Option A4 Option A5

Australian North American Switzerland
240V / 10A 240V / 15A 240V / 6A

4342-10

Figure 3-2. Optional 1240 power cords.
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FUSES

There are two versions of the 1240 Power Supply Board. Unless the board has been replaced, in-

struments with serial numbers B0O79999 and below contain board number 670-7534-05, and

instruments with serial numbers BO80000 and above contain board number 670-7534-06.

670-7534-06 670-7534-05 APPLICATION

7AF/250 V (3AG) 5AF/250 V (3AG) 115 V line select

4AF/250 V (3AG) 2.5AF/250 V (DIN) 230 V line select

Refer to the Replaceable Electrical Parts section for a list of fuse part numbers. Refer to the

Replaceable Mechanical Parts section for a list of the fuse cap part numbers.

1240 POWER SWITCHES

The 1240 has two power switches available: the front-panel POWER DC ON/OFF switch (refer to

Figure 1-1), and the rear-panel MAIN POWER SWITCH (refer to Figure 3-1). The front-panel power

switch controls dc power from the power supply circuitry. This switch is normally used by the

operator for powering the instrument ON and OFF. The rear-panel MAIN POWER SWITCH

controls the incoming ac line voltage to the 1240 power supply. This switch is normally used by the

service technician for removing the line voltage to the instrument before servicing. The nonvolatile

memory is not affected by either of these switches; it has a separate battery power source on the

Control Processor Board.

It is possible to power ON the 1240 using either power switch, providing that the other switch is in

the ON position.

To prolong the life of the 1240 Power Supply components, it is recommended

that the following guidelines be observed:

e /f possible, power the 1240 ON and OFF using the front-panel DC ON/OFF

POWER switch.

¢ /f it is necessary to power up the instrument using the rear-panel MAIN

POWER SWITCH, do so only if the instrument has been powered down for

several minutes. This allows the internal power supply circuitry to handle

current surges.

POWER-UP DIAGNOSTICS

To power up the 1240, set the rear-panel MAIN POWER SWITCH to ON, then push the front-panel

dc power switch.

The 1240 has internal diagnostic tests that run automatically at power-up. These tests check out

major mainframe components and operating firmware. When power-up diagnostics are successful-

ly completed, most processor and display functions, along with some acquisition and trigger

functions, are verified.

If all tests pass, the Operation Level menu (Config menu group) is automatically displayed. If

diagnostics fail, the Main Diagnostic menu is automatically displayed. The menu lists the functional

modules tested and a corresponding PASS/FAIL message for each module (FAIL message shown

in highlighted video).

3-3
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Some error conditions only inhibit a portion of the 1240 functions. Table 3-1 lists and describes the

possible power-up error conditions.

Table 3-1

POWER-UP ERROR CONDITIONS

Error Conditions Definition

Display is blank or full raster.

Display is filled with random

characters or zeros.

DIAGNOSTICS FAILURE

IOP RAM XXXX XXXX

DIAGNOSTICS FAILURE

IOP ROM n XXXX XXXX

IMPROPER ACQUISITION

CARD SEQUENCE: RE-

READ INSTALLATION IN-

STRUCTIONS OR CALL

YOUR TEKTRONIX SERVICE

REP.

INTER-PROCESSOR COM-

MUNICATION FAILURE

CONTROL PROCESSOR

RAM FAILURE

XXXX XX XX

CONTROL PROCESSOR

ROM FAILURE

XXXX XXXX

/O FAIL

FRONTPANEL FAIL

DISPLAY FAIL

COMMPACK FAIL

A failure occurred on either the Display Board or the CRT Driv-

er Board. No operation is possible. Refer the 1240 to qualified

service personnel.

A failure occurred on either the I/O Processor or the Display

Board. No operation is possible. Refer the 1240 to qualified

service personnel.

One of the I/O processor RAMs failed. No operation is possi-

ble. Refer the 1240 to qualified service personnel.

A failure occurred in I/O processor diagnostic ROM n. Limited

operation may be possible.

Any 9-channel cards must be installed in lower-numbered slots

than 18-channel cards. There can be no empty slots between

cards. Refer to the Disassembly and Installation section for

acquisition card installation instructions.

The control and I/O processors are unable to communicate. No

operation is possible. Refer the 1240 to qualified service

personnel.

A failure occurred in one of the control processor RAMs. No

operation is possible. Refer the 1240 to qualified service

personnel.

A failure occurred in one of the control processor ROMs. No

operation is possible. Refer the 1240 to qualified service

personnel.

A failure occurred in the specified area of the I/O processor.

Limited operation may be possible.

A failure occurred in the specified area of the front panel. Limit-

ed operation may be possible.

A failure occurred in the specified area of the display. Limited

operation may be possible.

The specified area of the COMM pack failed. The pack will not

operate properly, but the rest of the 1240 is not affected. Pow-

er down and remove the pack.
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Table 3-1 (cont.)

POWER-UP ERROR CONDITIONS

Error Conditions Definition

COMMPACK ROM FAILURE The specified area of the COMM pack failed. The pack will not

XXXX XXXX operate properly, but the rest of the 1240 is not affected. Pow-

er down and remove the pack.

CONTROL FAIL A failure occurred in the specified area of the control proces-

sor. Limited operation may be possible.

TRIGGER FAIL A failure occurred in the specified area of the Trigger Board.

Limited operation may be possible.

9 CH ACQn FAIL A failure occurred in the specified area of the 9-channel card in

acquisition card position n. This card will not operate properly,

and may affect other cards if it is left in the system. Refer the

1240 to qualified service personnel for card removal.

18 CH ACQn FAIL A failure occurred in the specified area of the 18-channel card

in acquisition card position n. This card will not operate proper-

ly, and may affect other cards if it is left in the system. Refer

the 1240 to qualified service personnel for card removal.

RAMPACK FAIL This message can be displayed for two reasons: 1. A failure

occurred in the specified area of the pack. 2. The pack is not

initialized. First, try to initialize the pack: touch the ENTER

NORMAL OPERATION soft key, then press the UTILITY key

on the front panel. In the Storage Memory Manager menu,

touch the LOAD NEW PACK soft key; this key runs pack ini-

tialization routines. Next, turn the 1240 off, then on again. If

the error message persists, the pack has failed; it will not oper-

ate properly, but the rest of the 1240 is not affected. Power

down and remove the pack.

ROMPACK FAIL A failure occurred in the specified area of the ROM pack. The

pack will not operate properly, but the rest of the 1240 is not

affected. Power down and remove the pack.

ROMPACK ROM FAILURE A failure occurred in the specified area of the ROM pack. The

XXXX XXXX pack will not operate properly, but the rest of the 1240 is not

affected. Power down and remove the pack.

td wn
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ACQUISITION BOARDS

The 1240 has available two types of acquisition cards: the 1240D1 9-channel and the 1240D2 18-

channel acquisition cards. The 1240 can accomodate up to four acquisition cards in the slots

numbered 0 to 3. The card installed in slot 0 is visible through the top opening; the card in slot 3 is

visible through the bottom opening (see Figure 3-3).

The specific application of the 1240 defines the configuration with the most useful combination of

these boards. The choice of board type affects the number of input channels, speed limitations, and

memory depth for data acquisitions. The two types of acquisition boards are summarized in Table

3-2.

RSX
J620-9 CHANNEL CARDS OR
J520-18 CHANNEL CARDS

J510-18 CHANNEL CARDS

CONNECTOR

ON ACQUISITION, |/|

CARD. N

TAB ON BOTTOM

OF PROBE CONNECTOR

4342-11

Figure 3-3. 1240 right side panel showing acquisition probe connection.
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Table 3-2

ACQUISITION BOARD FEATURES

Feature 1240D1 1240D2

Channels per Card 9 18

Glitch Detection & Storage 5 ns min. None

Asynchronous Acquisition Rate 10 ns 20 ns

Synchronous Acquisition Rate 20 ns 20 ns

Glitch Data Acquisition Rate 20 ns n/a

Clock Qualification Yes Yes

Data Qualification Yes Yes

Memory Depth 513 513

Memory Depth w/ Glitch Storage 257 n/a

Sync & Async Correlation Yes Yes

Global & Sequential Word Recognition Yes Yes

Demultiplexing Yes Yes
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ACQUISITION PROBES

Each 9-channel acquisition card uses one P6460 Data Acquisition Probe (refer to Figure 3-4); 18-

channel cards use two P6460s. Each probe (or pod) has nine data lines (numbered 0-8) and one

clock/qualifier (C/Q) line.

CONNECTION

The probes connect to acquisition cards or the Test Pattern Generator (TPG) through openings on

the right side panel of the instrument (refer to Figure 3-3). A guide on the probe ensures that it can-

not be connected incorrectly.

POD ID

Pod ID numbers are assigned to probes according to the slot position of the card they are attached

to. When you install a probe, you can see the ID number molded into the plastic near the side open-

ing where probes connect (refer Figure 3-3). A pod ID button is located on the back edge of each

probe (refer to Figure 3-4). Press this button to get a screen readout of the probe’s pod ID.

TOP OF PROBE

DATA ACQUISITION PROBE LABEL

LEAD SET

10 in. for < 25 MHz

5 in. for > 25 MHz

Connect the lead set

so that the white

lead corresponds to

the C/Q input.

BOTTOM OF PROBE

GROUND LEAD
Use one lead for < 25 MHz.

two leads for 25 to 50 MHz,

two leads with alligator clips

for > 50 MHz.

arsry

BACK OF PROBE

POD ID BUTTON

4342-12

Figure 3-4. P6460 Data Acquisition Probe.
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Z\ LEAD SET
A 10-inch lead set is supplied with each probe (refer to Figure 3-4). This lead set can be used to

clock frequencies up to 25 MHz. Above 25 MHz, one of the optional five-inch lead sets may be re-

quired to meet all specifications. Refer to the documentation accompanying the P6460 for the part

numbers of these lead sets.

Two ground leads are also provided with each probe. Below 25 MHz, only one ground lead is

required with the 10-inch iead set. Between 25 MHz and 50 Mrz, both ground leads snouid be

used. In environments with unusual amounts of electrical noise, it may be nesessary to use both

ground clips and/or a five-inch lead set.

A ten-inch lead set and one ground lead are supplied with each P6462 Data Acquisition Probe. For

clock frequencies up to 25 MHz, use the ten-inch lead set. For clock frequencies over 25 MHz, use

the five-inch lead set.

Figure 3-4 shows how to install lead sets and ground leads.

ROM, RAM, AND COMM PACKS

OVERVIEW

ROM, RAM, and COMM packs are available as optional accessories for the 1240. The ROM packs

have many uses:

e information storage in blank ROM packs

¢ VLSI support (Tektronix generated)

¢ microprocessor disassembly (Tektronix generated)

¢ enhanced feature set (e.g., Tektronix-generated Performance ROM)

The nonvolatile RAM packs allow storage, retrieval, and deletion of instrument setups and

memories. The COMM packs allow the 1240 to interface with either GPIB- or RS232C-based

instruments or controllers. For more information regarding pack interfaces, refer to the documenta-

tion accompanying each specific pack.

3-9
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PACK INSTALLATION

ROM and RAM packs are installed in the door-covered slot directly beneath the probe connections

on the right side panel (refer to Figure 3-5). One ROM or RAM pack may be installed at any given

time without powering down the 1240, providing the pack initialization procedures have been

completed. (For more information, refer to ROM/RAM Pack Initialization). Slide either pack (label

side up) past the hinged door and push it firmly into the connector. Two guides on the top cover of

the pack ensure that the pack is installed correctly and that only 1240-compatible packs are used.

Static discharge can damage the semiconductor devices ina ROM or RAM

pack. Discharge static from a pack before installing it by momentarily laying

the pack (label side up) on top of the 1240.

When operating the 1240 in temperatures between -15° C and 0° C (5° F and

32°F), ensure that the instrument has been powered-up for at least 10

minutes before installing a ROM or RAM pack. This allows the 1240 interface

circuitry to begin operating properly before attempting communication with

the pack.

y)
—_

TM

Guides ensure

correct installation .

if
Hinged cover shields

the pack connector

4822-01

Figure 3-5. ROM or RAM pack door location.
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COMM packs are installed in the back panel (refer to Figure 3-6). The 1240 must be powered down

before a COMM packis installed. To installa COMM pack, slide the pack past the hinged door with

the pack’s label toward the outside edge of the 1240. The 1240's pack connector is located about

four inches past the hinged door. Remove a COMM pack from the 1240 by pulling on the pack han-

dle. This handle anchors the pack to the 1240 once the pack is installed. To anchor the pack, snap

the bow handle over the two small retaining spurs to the left of the slot.

RETAINING SPURS. Snap the handle on the

pack over these spurs to secure the pack firmly

to the 1240.

CAUTION MAIN POWER SWITCH VIDEO CAT CONTROL,

NU UPERATOR SEAVICEABLE PARTS

INSIDE REFER SEAVILING TO QUT CONTRAST
ou ON

NEC 7

HIGH CE ARK AGE TO avold
ELECTR tal TEC

GROUNDING CONDUCTOR MUST BE

CONNECTED 70 GROUND (2)

708 IN
ne

INTERFACE

CONNECTOR

— HANDLE. Pull the handle to remove the pack.
Secure the pack firmly to the 1240 by snapping

the handle over the retaining spurs.

4342-13

Figure 3-6. COMM pack door location.

ROM/RAM PACK INITIALIZATION

In order to properly initialize the 1240 for ROM pack use, it is necessary to power-up the 1240 be-

fore installing a ROM pack. Once the 1240 is powered on, display the Storage Memory Manager

menu (Utility menu group). Proceed by plugging in the desired ROM (or RAM) pack. Immediately af-

ter installing or removing a ROM or RAM pack, touch the LOAD NEW PACK soft key. An error

message indicating that an unknown pack has been installed will appear at the top of the display

screen. Press the X key on the front panel. This runs the pack initialization routines and ensures

that the 1240 uses the pack properly. Thereafter, ROM and RAM packs may be exchanged without

powering down the 1240.

A file stored in a RAM pack is not loaded into the 1240 until the LOAD FILE soft key is touched and

the X key on the front panel is pressed.

3-11
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TEST PATTERN GENERATOR

The Test Pattern Generator (TPG) circuitry, located on the Trigger Board, supplies two different

signal stimulus patterns. The TPG stimulus output is used for:

° a signal source in application learning examples

e functionally checking 1240 circuitry during specific diagnostic tests

The two output connectors, A14J620 and J630, are located on the right side of the 1240 above the

probe connections (refer to Figure 3-7). Each connector contains nine data lines, one clock/qualifier

(C/Q) line, and two ground lines. The logic levels for these lines are 4.0 V (H), and 3.2 V (L). The de-
fault TPG input threshold selection (made in the Memory Config menu) is +3.70 V.

SEEE'EECECE
BREE BALESE

ASAAAASALLY
EXPANDED

TPG OUTPU

4342-14

Figure 3-7. TPG output connections.

NOTE

Diagnostic tests require the acquisition probe to be a variable threshold

probe, therefore the P6460 probe should be used for connection to the TPG

during all diagnostic checks. To ensure true diagnostic test results, the TPG

should be in a state of proper calibration. For calibration procedures, refer a

qualified service technician to the Trigger Board adjustments in the Veritica-

tion And Adjustment section of this manual.

3-12
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The TPG outputs a different 9-bit word, 63-word-long pattern for each connector (refer to Table 3-

3). The output patterns are selectable (frequency and 5 ns glitches available) according to the value

programmed in the real-time Operation Level menu (displayed at power-up if no diagnostic errors

are found). The patterns, numbered 0 to 3, are based on a standard 9-bit, pseudo-random binary

sequence. The standard pattern may be clocked by the TPG’s internal 12 MHz clock, clocked by ti-

mebase T1 (set up in the Timebase menu), or single-stepped under processor control (only when

using the diagnostics). Table 3-4 summarizes the characteristics of the available patterns.

Table 3-3

TPG PSEUDO-RANDOM PATTERNS

J630* J620*

1FF 1AE 071 186 1FF 175 18E 030

1BE 15D 0A2 10C 1F7 0EB 114 061

17D OFB 145 018 1EF 1DF 028 0C3

OBA 1B6 0CB 030 1D7 1B6 059 186

175 16D 1D7 061 1AE 16D OBA 10C

OAA 09A 1EF 082 155 0D3 17D 010

155 134 19E 104 OAA 1A6 OF3 020

0EB 069 13C 008 15D 14D 1E7 041

196 092 079 010 0B2 092 1CF 082

12C 124 0B2 020 165 124 196 104

059 049 165 041 0CB 049 12C 008

OF3 0D3 08A 0C3 19E O9A 051 018

1A6 1E7 114 107 134 13C 0A2 038

14D 18E 028 1CF 069 071 145 079

ODB TiC 051 1DF oDB CES GSA oFB

1F7 038 0E3 1BE 107 11¢

* Read table top to bottom, left to right.

Table 3-4

PATTERNS AVAILABLE FOR OUTPUT BY THE TEST PATTERN GENERATOR

Pattern Number With Glitches Clocked At

0 No 12 MHz

1 Yes 6 MHz

2 No 71

3 Yes 71/2

3-13
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REMOTE DIAGNOSTICS

When the 1240 is operating under the real-time operating system software, a TEST command from
a remote controller causes the 1240 to execute its power-up diagnostics. The error information
collected during the diagnostics is available after test completion while in the normal operating
software. After executing the TEST command, the 1240 returns to the default power-up state. The
previous setup, if any, is available in storage memory, but not in acquisition or reference memories.
The 1240 notifies the controller that the diagnostics are completed with the Test Complete SRQ.
After receiving the TEST command, but before sending the SRQ, the 1240 ignores all bus activity.

To read the collected error information, the remote controller sends the DIAG? query. Data
returned to the controller is in the following format:

DIAG ERRORS NNNNN NNNNN NNNNN NNNNN...

or

DIAG “ERRORS NOT FOUND”

The leftmost digit of NNNNN is the test sequence number. If more than one of any type of
acquisition card is installed, two 9-channel boards for example, this digit will show which module
has the error. Use the remaining four digits as error indexes to locate the troubleshooting
information in the Troubleshooting And Repair section of this manual.
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THEORY OF OPERATION

SECTION OVERVIEW

This section provides general and specific information on 1240 Logic Analyzer circuitry. The

Circuitry is grouped into functionally named modules that correspond to a specific board (e.g.,

Power Supply or I/O Processor Boards). In some cases, however, a board may contain circuitry for

more than one module. In these cases, only the circuitry related to that board’s function is

discussed within that subsection. For example, the Display Board contains both display and trigger

circuits, however, the trigger circuitry is discussed separately under the Trigger Board theory.

The General System Description is presented first. This outlines the logic analyzer mainframe and

describes instrument functions at a system level. Next is a Detailed System Description that divides

each board into functional blocks. When reading these descriptions, refer to the system block

diagram, the appropriate functional block diagram, and the appropriate schematics. Each block in

the functional block diagrams corresponds to a subheading in the detailed theory descriptions. The

detailed descriptions also provide schematic diamond numbers referencing the appropriate

schematic.

LOGIC CONVENTIONS

Digital logic techniques are used to perform most functions within this instrument. Function and op-

eration of the logic circuits are represented by standard logic symbols and terms. All logic functions

are described using the positive logic convention. Positive logic is a system of notation whereby the

more positive of two levels is the true, or 1 state; and the more negative level is the false, or 0 state.

In logic descriptions, the more positive of the two logic voltages is referred to as high, and the more

negative state as low. The specific voltages that constitute a high or low state vary between

different electronic devices (e.g., ECL logic and TTL logic).

Active-low signals areindicated by an (L) following the signal name or by a horizontal line above the

signal name (e.g., IRQ). Signal names without indicators are considered active-high. Some active-

high signals are indicated by an (H) following the signal name.
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GENERAL SYSTEM DESCRIPTION
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OVERVIEW

The 1240 is a menu-driven logic analyzer. The menus are displayed on a monitor screen and are ac-

cessible from the keyboard. Selections made in the menus control the 1240 during data acquisi-

tions, triggering, and data display.

Figure 4-1. 1240 system block diagram.

The Control Processor and I/O Processor Boards are the main controllers for all instrument

operations. The I/O Processor Board accepts the keyboard and on-screen soft key information and

passes these user menu choices to the Control Processor. The Control Processor sends these

instructions to the Trigger Board and Acquisition Boards, specifying the configuration and
conditions surrounding the data acquisition. When conditions are met, the data is stored and the

Control Processor performs any necessary data manipulation. Data that is ready for display is read
by the I/O Processor and passed to the Display Board. The Display Board generates the screen-
display image on the CRT.
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MAINFRAME

The 1240 mainframe consists of both chassis-mounted assemblies and a card cage that holds up

to eight instrument boards. The hinged card cage, located on the right side of the instrument, allows

access to boards plugged into an Interface Board. Refer to Figures 4-2 and 4-3 for illustrations of

the 1240 mainframe and the location of instrument boards.

LRSINTERFACE [
Eee
LIne
HJ

KEYBOARD

LED/PHOTOTRANSISTOR BOARDS

4342-16

Figure 4-2. 1240 mainframe board locations.
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Figure 4-3. 1240 card-cage board locations.

Acquisition probes for the 9-Channel and 18-Channel Acquisition Boards attach through openings
on the right side of the 1240 mainframe. ROM and RAM packs are installed in the slot directly be-
neath the probe connections. COMM (communication) packs are installed in a similar slot on the

rear panel. Some instrument controls and connectors are also on the rear panel.



POWER SUPPLY

The 1240 power supply is a switching-type supply that provides + 13vdc, + 12vdc, -12vdc, +5vdc,

-5vdc, and +3vdc to all system circuitry. These voltages are carried through a bus on the Interface

Board and various ribbon cables. Test points on the Interface Board serve as power supply voltage

reference points. The Line Select switch on the rear panel controls selection of either 115 vac or

230 vac power source. The power cord connection and instrument fuse are also on the rear panel.

A power suppiy ioad jumper, iocated on the Power Suppiy Board, adjusts the suppiy current iimit to

handle the current configuration (i.e., the number of installed acquisition boards).

NOTE

The jumper change should only be performed by qualified service personnel.

To determine the need for a change, refer to the Maintenance section of this

manual.

INTERFACE

The Interface Board provides a means of connecting various instrument boards together, forming

an interactive system. The Interface Board is fixed to the inside of the card cage and has board

edge connectors for the I/O Processor, Control Processor, Display, 9- and 18- Channel Acquisition,

and Trigger Boards. Refer to Figure 6-2 for instructions on positioning these boards in their

appropriate connectors. The interface uses ribbon cables for connection to the Power Supply,

Keyboard, LED/Phototransistor Boards, and the CRT Drive Board.

Circuitry on the Interface Board supports trigger functions by logically ORing certain glitch qualifier

information from all installed acquisition boards. In addition, word recognizer information from all

aquisition boards is ANDed on the Interface Board. The outputs from this circuitry form sampling

clocks that validate information on the probe’s clock/qualifier lines.

A thermal fuse, located on the Interface Board, monitors the 1240’s internal temperature. Should

the fuse open due to excessive internal heat, instrument operation will not be possible until the fuse

is replaced. For more information, refer to the Troubleshooting and Repair section.

DISPLAY MONITOR

The display monitor consists of a 7-inch CRT, a CRT Drive Board, and a Display Board (refer to Fig-

ure 4-2). The CRT Drive Board generates the high voltage and sweep synchronization for the CRT.

The Z-axis signal is produced on the Display Board. Display Board logic outputs characters and

timing diagram symbols according to the information it receives from the |/O Processor. The logic

also tracks the positioning of the characters on the display screen, thereby supporting the text and

timing diagram scrolling features.

The Display Board uses three different types of video patterns to display information. Most

information is displayed in regular video. Reverse video (dark characters on a light background) and

highlighted video (light characters on a shaded background) are used for indicating menu fields or

emphasizing important information.

ruice
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ROM and RAM packs plug into a connector mounted on the Control Processor Board. The

connector is accessed through a door located on the right side of the instrument. The Control

Processor handles all information storage and retrieval operations for these packs.

COMM PACKS

Communication packs provide a customized communication link between the 1240 and an external

controller. COMM packs are available for RS232C, GPIB, and 8-bit parallel printer protocols.

COMM packs plug into a connector mounted on the CRT Drive Board. The connector is accessed

through a door located on the rear panel. A ribbon cable carries the COMM pack address, data, and

control lines from the CRT Drive Board to the Interface Board. The !/O Processor, plugged into the

Interface, handles all COMM pack communications.

Tables 4-0a and 4-0b contain the signal-to-pin assignments for the COMM pack connector. The fol-

lowing glossary contains COMM pack connector signal descriptions.

Signal Name Description

GND Signal ground, (two connections).

SGND Static ground to chassis, (two connections).

+5V Five volt logic supply must be cabable of supplying 400 mA.

—12V Minus twelve volts must be capable of supplying 100 mA.

+12V Plus twelve volts must be capable of supplying 100 mA.

INT (H) Interrupt. Output from the COMM Pack used to interrupt the MPU,

causing a service routine to be executed.

CLK 2.4576 megahertz clock; input to the module.

RESET Reset. Input to the COMM Pack that initializes the COMM Pack.

DO-D7 Data lines. Tristate input/output bus used for all data transfers.

A0-A13 Address lines; driven by the I/O P.

RD (L) Read inverted; input to the module. Logic low on this line causes

the DATA BUS to read data from the MPU.

WR (L) Write inverted; input to the module. Logic low on this line causes

the DATA BUS to write data to the MPU.

COMM (L) 1/O chip enable; input to the module. When true (logic low) the I/O

addresses are active for reading or writing.

CROM (L) Memory chip enable; input to the module. When true (logic low) will

enable the ROM memory addresses to be read.
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Table 4-0a

A Side Connector

Pin Signal Description

Al WR (L) Write

A2 RESET Reset COMM Pack

A3 A5 Address, 6th bit

A4 D1 Data, 2nd bit

A5 D3 Data, 4th bit

A6 D5 Data, 6th bit

A7 D7 Data, MSB

A8 D6 Data, 7th bit

AQ D4 Data, 5th bit

A10 D2 Data, 3rd bit

Al1 DO Data, LSB

A12 FREQ 2.4576 MHz

A13 CROM (L) Mem. Chip Select

A14 INT (H) Interrupt

A15 RD (L) Read

A16 AQ Address, LSB

A17 A2 Address, 3rd bit

A18 A4 Address, 5th bit

A19 +5V +5V Power Supply

A20 GND Ground

Table 4-0b

B Side Connector

Pin Signal Description

Bt Al Address, 2nd bit

B2 A3 Address, 4th bit

B3 COMM (L) /O Chip Enable

B4 A7 Address, 8th bit

B5 AQ Address, 10th bit

B6 Al1 Address, 12th bit

B7 A13 Address, MSB

B8 spare Not Used

B9 spare Not Used

B10 spare Not Used

Bit SGND Static Ground

Bi2 SGND Static Ground

B13 Ai2 Address, 13th bit

B14 A10 Address, 11th bit

B15 A8 Address, 9th bit

Bi6 A6 Address, 7th bit

B17 +12V +12V Power Supply

Bi8 —12V —12V Power Supply

B19 +5V +5V Power Supply

B20 GND Ground
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LED/PHOTOTRANSISTOR BOARDS AND KEYBOARD

The LED/Phototransistor Boards are arranged around the perimeter of the 1240 display screen.

These LEDs and PTs form a light-beam matrix on the surface of the screen. The intersection of the

light beams define a specific area on the screen (soft key boxes). When the user touches a soft key,

the light beam is interrupted and that specific soft key is activated.

The hard keyboard contains 33 front panel push-button keys. The keys are grouped on the front

panel by function (e.g., EXECUTE, CURSOR, or MENU). Surrounding the hard keyboard are other

front panel controls such as the dc power switch and the rotary knob used for scrolling and

selection.

1/O PROCESSOR

The Input/Output Processor consists of a Z80 microprocessor, ROM and RAM space, with a

bidirectional bus for communication with the front panel, Display Board, Control Processor, and

COMM packs. The I/O Processor monitors the front panel for any hard or soft key changes made

by the user. The change instructions are passed to both the Control Processor and the Display

Board. The Control Processor instructs the circuitry under its control to function as specified by the

user. Display update information is sent from the I/O Processor to the Display Board’s display

memory.

Interrupt detection circuitry allows the I/O Processor to service any interrupts sent by the COMM

pack port, the Control Processor, or the Display Board. The Control Processor sends an interrupt

when it has completed the formatting and manipulating of data for the 1/O Processor. The I/O

Processor then passes the display information to the display monitor, but only after the Display

Board signals that vertical retrace is occurring (display update time).

CONTROL PROCESSOR

The Control Processor consists of an 8088 microprocessor, ROM and dynamic RAM space (with a

bidirectional bus for communication with the acquisition boards), and trigger circuits (some trigger

circuits also reside on the Control Processor Board). The Control Processor communicates with

any installed ROM or RAM Packs and the I/O Processor Board. The Control Processor directs the

acquisition and trigger circuits according to instructions it receives from the user through the 1/O

Processor. After a data acquisition, the Control Processor performs any required data manipula-

tion and sends this data to the I/O Processor for display. The Control Processor also handles all

communications with installed ROM and RAM packs.

An on-board nonvolatile RAM provides storage of up to two instrument menu setups, retrievable

after powering down and back up again.

ROM AND RAM PACKS

Nonvolatile RAM packs allow storage and retrieval of instrument setups and memories. RAM

packs are available in different memory sizes, depending on the amount of storage space required.

A variety of ROM packs are available for use in 1240 operations. ROM packs provide indelible stor-

age for reference memories and setups. Some ROM packs configure the logic analyzer to acquire

and disassemble data from specific microprocessors. Other ROM packs contain code that

supports COMM Pack functions and diagnostic testing of the 1240.
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9-CHANNEL ACQUISITION BOARD

The 1240D1 9-Channel Acquisition Board uses a single data acquisition probe when acquiring data

and glitch information. Data storage occurs at a 10 ns asynchronous rate with an on-board memory

513 samples deep. Data/glitch storage occurs at a 20 ns synchronous rate with a memory 256

samples deep. Acquisition probe threshold voltage is variable from +6.35 volts to -6.35 volts.

The 9-channel acquisition card allows data storage to occur according to parameters set by the

user. As data first enters the card, a global word recognizer compares the data to patterns

previously defined by the user. If a match is found, the data is not necessarily stored. Storage is de-

pendent on the clock/qualifier patterns also set by the user. If the patterns on the probe’s C/Q lines

also match, then data (and glitch information, if defined) is latched into the on-board storage RAM

by store signals from the trigger board. Clock/qualifier lines from like acquisition cards (in this case

9-channel cards) are combined to allow qualification to occur from inputs on any attached 9-

channel acquisition probes.

Incoming data is also fed to a sequential word recognizer. In this circuitry, up to 14 levels of different

data patterns may be stored prior to data or data/glitch acquisitions. As user-specified patterns

match on each level, the acquisition card signals the trigger board. The trigger board in turn

advances the comparison to another level that contains the next pattern to be recognized. Storage

of matching information on each level is also dependent on the probe’s C/Q lines.

Chaining of like acquisition cards (in this case 9-channel cards) allows memory depth expansion. In-

coming data that meets all storage qualification parameters is passed to the next available memory

space on the chained cards. When storage is complete, the trigger board stops the acquisition. The

Control Processor then reads the acquisition data, glitch, and correlation information stored in the

acquisition’s storage RAMs. The correlation information allows data acquired at different speeds to

be displayed with the time relationship between probe data still preserved.

18-CHANNEL ACQUISITION BOARD

The 1240D2 18-Channel Acquisition Board uses two data acquisition probes when acquiring data

information (glitch acquisitions not available). Data storage occurs at a 20 ns synchronous or

asynchronous rate with a memory 513 samples deep. Different timebases may be chosen for the

two input acquisition probes, allowing one 18-channel card to operate from a single timebase (T1 or

T2), dual timebases (T1 and T2), or from a split timebase (T2F/T2L, i.e., timebase 2 first/timebase 2

last). Acquisition probe threshold voltage is variable from +6.35 volts to -6.35 volts.

The 18-channel card acquires data in much the same way as the 9-channel card, however, the 18-

channel card handles both A and B probe data. Storage qualification is provided by both global and

sequential word recognizers and by the probe’s clock/qualifier lines. Clock/qualifier lines from like

acquisition cards (in this case 18-channel cards) are combined to allow qualification to occur from

inputs on any attached 18-channel acquisition probes. Memory chaining to other 18-channel cards

allows memory expansion up to 2049 samples deep (four 18-channel cards installed).
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TRIGGER BOARD

The trigger circuitry allows the 1240 to locate a unique state based on its inputs and user

programming, and reference data storage to that unique state. Trigger circuitry is located on the

Trigger Board, the Display Board, and the Control Processor Board. The overall trigger system can

be divided into two major operating control systems. The first, trigger generation, recognizes and

triggers on the unique state being searched for. The second, data storage control, monitors the val-

id (qualified) data being stored to determine the amount of memory space that surrounds the trigger

point. This circuitry also generates correlation data that indicates storage-clock arrival time for

each timebase.

Trigger Generation

The trigger generation control system consists of the various function blocks (refer to Figure 4-4)

that are briefly described in the following.

The Sequential Event Timing and Control block generates the basic clocks used to sample

sequential events and determines the sequential event level to advance or reset to. The Sequential

Filter block forces a recognize sequential event to be active for a specified number of clocks before

it is recognized as a true event. The Iteration Counter block forces the test on a specified sequence

level to be qualified with a specific number of sequential events before the command portion of the

sequence level is executed. The Global Filter block forces a recognized event to be active for a

specified number of clock cycles before it is recognized as a true event. The Counter/Timer block

can be used to count occurrences, to start a 10 ns timer, or to time the duration of the global filter

output. The Trigger Control block tests the state of internal trigger conditions and external trigger

inputs to determine when valid trigger states exist.

Data Storage Control

The data storage control system consists of the various function blocks that are briefly described in

the following.

The Trigger Position Indicators (1 and 2) count the number of valid (qualified) data samples. Since

the 1240 can acquire data using two independent timebases (T1 and T2), a trigger position

indicator exists for each. Trigger position registers are loaded with a value representing the amount

of memory to be filled before and after the trigger point. The Correlate Circuit uses inputs from Ti-

mebase 1 and Timebase 2 to produce data that indicates when a storage clock occurred from each

timebase. This data is stored along with valid data in the acquisition board’s storage RAMs. The

Control Processor reads the data to reconstruct data for display as it occurred at the probe tip, pre-

serving the time relationship of data stored with timebases set at different speeds.



6-7

FROM

ACQ.

BOARDS

FROM

ACQ.

BOARDS

\

SHUTDOWN(H)

FROM

TRIGGER

CONTROL

TRIG(L)

4
2

TRIGGER 3
POSITION zt

INDICATORS &

TIMEBASE

SHUTDOWN

QBus 4 QUAL CLK1(H) AND 2(H) COR1(H),COR2(H) AQ

wy "| CORRELATION ” BOAT
TIMEBASES 2 $T1(H),ST2(H) BOARDS

T BUS 7
2 GT1(H),GT2(H)

7+

2 32 y 2

RESET
———

SWR(L),SGR(H 2 .(L), SGRIM) Y—m| SEQUENTIAL 4 ITERATION Sh) ~ SPOCH}-SP3(H) ~ Ion
FILTER SR(L) COUNTER SE :

RESET QUENTIAL
S FILT(L) . CONTROL BOARDS

, L.
RESET 7

NEW STEP(L)

{ RESET SEQ RESET(L)

2 ——_—_e 2 RESET
A aaa [——~ to

GWR(L),GGR(L) 2 GLOBAL. COUNTER/ CT OUTIL) TRIG(L) TRIGGER
f= FILTER TIMER = tRiaceR POSITION

INDICATORS
GF OUT(L) CONTROL & TIMEBASE

SHUTDOWN
GF OUT(L)

4342-34

Figure 4-4. Simplified trigger block diagram. |OABd1AI8gOPZL—UONeIAEdOjoAloaYL



Theory of Operation—1240 Service Vol. |

4-10

DETAILED SYSTEM DESCRIPTION

OVERVIEW

Refer to schematics in the Schematic Diagrams section of this manual while reading this detailed

circuit description. Numbers inside diamonds relate to subsection headings and are keyed to the di-

amond numbers on page tabs of the Schematic Diagrams section.

Active-low signals are indicated by an (L) following the signal name or by a horizontal line above the

signal name (e.g., IRQ). Signal names without indicators are considered active-high. Some active-

high signals are indicated by an (H) following the signal name.

Assembly numbers (A numbers) identify components and the board these components are

mounted on. The designation A10R100 identifies the board as assembly A10 the I/O Processor

Board), and the component number as resistor R100.

To distinguish between each of the four identical acquisition board slots in the mainframe, the

symbol in a signal name takes on a letter from A to D. For example, the signal TEST>‘(H) is

common to four different acquisition slots, but becomes TESTA(H) when referencing acquisition

Slot 0 (J250). The remaining designations are: * = B for slot 1 (J350), * = C for slot 2 (J450), and
* = D for slot 3 (J550).



Theory of Operation—1240 Service Vol. |

670-7534-06 POWER SUPPLY THEORY

LINE FILTER AND RECTIFIER >

The incoming ac line is rectified by the full-wave bridge CR211 and filtered by C121 and C131 to ap-

proximately 350 volts dc (across TP411 and TP422). Switch S100 removes the ac line from the

power supply circuitry (however, not from the fuse or switch itself). S401 selects internal circuitry

for operation using either a 115 volt or 230 volt power source.

CAUTION

A lighted or blinking neon lamp (DS 121) indicates that the line filter capacitors

remain charged to at least 70 volts. This lamp is visible through a hole on the

power supply cover, adjacent to the warning label. Do not touch the power

supply circuitry while the lamp is on.

FRONT PANEL SHUTDOWN SWITCH <5>

The dc power switch, $181, allows you to power up the 1240 from the front panel. A thermal fuse is

mounted in series with S181 on the interface board. When the power supply switch is turned off

(open), or when the thermal fuse is open, transistor AO7Q273 holds the reset line low to the Main

Regulator AO7U375-5. When the power supply switch is turned on (closed), transistor Q273 allows

the line to go high, removing U375’s reset condition. T141 temporarily supplies current to Q283 in

the Kick Start Circuitry until the supply begins to run.

The SHUTDOWN(L) signal is a wire-OR of Q273 and U375-8 and is activated by either the front

panel switch (via Q273) or the shutdown signal (via U375-8). The active low shutdown signal from

pin 8 comes in response to a current limit condition in the supply. SHUTDOWN(L) is sent through

the Interface to the I/O Processor Board. The active low signal generates a processor reset. In ad-

dition, this reset signal is transmitted to the Control Processor Board on the IRST(H) interrupt line.

This line, when activated, removes the vcc from the output buffer AO9U217 in the ROM/RAM Pack

Control circuit and tristates the outputs. This prevents the data in the Non-volatile Memory,

A09U229, and any pack plugged in to the ROM/RAM Pack port from being changed while the pow-

er supplies are unstable. The IRST(H) line is converted to the RESET(H) line which resets the

Control Processor’s 8088.

KICK START CIRCUITRY >

When powering up, the current from transformer T141 passes through Q283 and charges C465 to

approximately +25 volts. At this time, the Schmitt trigger transistors (Q472 and Q485) turn on and

deliver approximately + 25 volts to the input of the +20 volt regulator U371. The capacitor C465

temporarily supplies the current passing through Q471 for the base drive transistors (Q341 and

Q445, in the Main Regulator) until the +25 volt supply is up. When the Schmitt trigger fires, Q283

turns off and current is no longer drawn from 1141.

When the front-panel switch $181 is opened, or when the thermal fuse has blown, Q273 pulls down

on the reset and shutdown lines of U375. During power-down, the Schmitt trigger turns off when

C465 reaches approximately + 15 volts. This removes the voltages used by U375 and shuts down

the power supply.

4-11a
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MAIN REGULATOR <>

The Pulse Width Modulator |.C. U375 is the main controller of the power supply. When the Kick
Start Circuit's Schmitt trigger transistors turn on, approximately +25 volts is supplied to the +20
volt regulator U371. The regulator then provides the vcc to U375. This allows U375 to produce
complementary base drive signals for A7Q341, Q441, Q445, and Q446. Components C364, R375,
C379, and R365 control the timing of these base drive signals on pins 13 and 16. Q471 supplies
current to the collectors of the base drive transistors Q341 and Q445. T431 couples the drive signal

to the primary switching transistors, Q421 and Q422.

Primary current is sensed through 1432 as a 20 kHZ primary signal. The amplitude of resulting
waveform across R440 depends on the positioning of the primary current limit jumper, A07J444.
Jumper A07J444 provides a method for increasing the primary current limit when the 1240’s card
Cage contains more than two acquisition cards.

NOTE

Jumper A07J444 should be positioned in the low-load setup (pin 2 shorted to
pin 3) when two acquisition cards, either 9-channel or 18-channel, are

installed. If more than two 9- or 18-channel cards are installed, the jumper

should be positioned in the high-load setup (pin 1 shorted to pin 2).

A precision rectifier, formed by U275C and D, rectifies the waveform across R440 into a
unidirectional pulse. The low pass filter, R274 and C276, produces an average dc voltage
proportional to the current in the primary winding of T241. This primary-sensed dc voltage is fed to
comparator U275B.

U275B compares the primary-sensed current limit voltage value at U275B-6 against a + 4.43 volt
reference at U275B-5 to determine the load conditions in the Primary Switching Circuit. If the
primary-sensed value is less than the +4.36 volt reference value, comparator U275B drives the
current limit input high at U375-7 and shuts down the power supply.

U275A compares the voltage drop across thermistor RT271 against a 2.5 volt reference value to
determine fan speed. For moderate room temperatures, the thermistor causes comparator U275A
to operate the fan at a reduced speed. If the temperature in the 1240 begins to rise excessively, the
fan is allowed to operate at full speed. Transistors Q379 and Q385 serve as a power amplifier to
supply the fan operating voltage.

PRIMARY SWITCHING CIRCUIT <>

The half-wave bridge chopper (formed by Q422, Q421, C321, and C322) converts the 350 volt dc
level to a 20 KHZ pulse width modulated wave. T431 couples a complementary pair of 20 KHZ base
drive switching signals from the Main Regulator to Q421 and Q422. Power transformer T241
couples the square wave (at TP421) to the Secondary Rectifier And Filter.

OVER-VOLTAGE PROTECTION <>

Output over-voltage protection is provided by the SCR Q371. The SCR pulls down on the + 20 volt
line to U375 pin 17 when the +5 volt supply exceeds approximately +6.2 volts, or the —12 or
—5 volt supplies are pulled positive. If Q371 is triggered, the power must be turned off, then on
again, to restart the power supply.
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SECONDARY RECTIFIER AND FILTER <>

A 20 kHZ pulse width modulated wave from the primary switching circuit is rectified and filtered on

the secondary side of T241. The +5 volt output is full-wave rectified and filtered by CR445, CR451,

L151, L351, and C451. Additional +5 volt filtering is provided by L461 and C161. Full-wave

rectifying and filtering circuitry produces a + 16 volt supply (balanced by A07T261) to feed the +13

volt regulator and the + 12 volt regulators. The —5 volt regulator is supplied with — 8 volts by half-

wave rectifying and filtering the 20 KHz waveform.

3-TERMINAL REGULATORS >

The 3-terminal regulators convert voltages from the secondary rectifier circuitry to output supply

voltages used by the 1240 circuitry. All four regulators have built-in current limiting and thermal shut

down protection. The +13 volt regulator, U472, -12 volt regulator, U181, and the +12 volt

regulator, U481, are fed by +16 volt inputs. The -5 volt regulator, U471, is fed by a -8 volt input.

+3 VOLT SUPPLY <>

The +3 volt supply (TP 162) is actually a -2 volt supply down from the +5 volt supply, forming a cur-

rent sink instead of a current source. The comparator U385B controls the output voltage and

switching frequency. The +5 volt sense line supplying a reference voltage to U385B causes the

+3 volt supply to shutdown if the +5 volt supply shuts down. Transistors Q487 and Q387 act as

signal buffers which feed the switching transistor Q461. Comparator U385A controls current

limiting by using R461 as the current sense.

4-11¢c
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670-7534-05 POWER SUPPLY THEORY

LINE FILTER AND RECTIFIER &

The incoming ac line is rectified by the full-wave bridge CR211 and filtered by C121 and C131 to ap-
proximately 350 volts dc (across TP411 and TP421). Switch S100 removes the ac line from the
power supply circuitry (however, not from the fuse or switch itself). S401 selects internal circuitry
for operation using either a 115 volt or 230 volt power source.

A lighted or blinking neon lamp (DS 121) indicates that the line filter capacitors
remain charged to at least 70 volts. This lamp is visible through a hole on the

Power supply cover, adjacent to the warning label. Do not touch the power

supply circuitry while the lamp is on.

FRONT PANEL SHUTDOWN SWITCH >

The dc power switch, $181, allows you to power up the 1240 from the front panel. When the power
supply switch is turned off (open), transistor AO7Q273 holds the shutdown line low to the Main
Regulator A07U372. When turned on, transistor Q273 allows the shutdown line to go high,
removing U372’s shutdown condition. T141 also temporarily supplies current to Q281 in the Kick
Start Circuitry until the supply begins to run.

KICK START CIRCUITRY <>

When powering up, the current from transformer T141 passes through Q281 and charges C471 to
approximately +25 volts. At this time, the Schmitt trigger transistors (Q472 and Q382) turn on and
deliver approximately +25 volts to the input of the +20 volt regulator U371. The capacitor C471
temporarily supplies the current passing through Q471 for U372 (both in the Main Regulator) until
the +25 volt supply is up. When the Schmitt trigger fires, Q281 turns off and current is no longer
drawn from 1141.

When the front-panel switch $181 is opened, Q273 pulls down on the reset and shutdown lines of
U372. During power-down, the Schmitt trigger turns off when C471 reaches approximately +15
volts. This removes the voltages used by U372 and shuts down the power supply.

MAIN REGULATOR <S>

The Pulse Width Modulator !.C. U372 is the main controller of the power supply. When the Kick
Start Circuit's Schmitt trigger transistors turn on, approximately +25 volts is supplied to the +20
volt regulator U371. The regulator then provides the vcc to U372. This allows U372 to produce
complementary base drive signals for A7Q367, Q368, Q370, and Q371. Components C374, R273,
R274, and C274 control the timing of these base drive signals on pins 13 and 16. Q471 supplies
current to the collectors of the base drive transistors Q367 and Q368. T431 couples the drive signal
to the primary switching transistors, Q421 and Q422.
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POWER SUPPLY BOARD THEORY

OVERVIEW

There are two board versions of the 1240 power supply, the 670-7534-06 and the 670-7534-05.

Both power supplies are high-efficiency, switching-type supplies that rectify and filter the incoming

ac line (115 V or 230 V) to provide a set of six dc power outputs. These voltages are referenced to

the square pins at J658 on the Interface Board. The power supply compensates for line or load vari-

ations while supplying these regulated output voltages.

There are three major differences between the power supplies. First, the 670-7534-06 supply

contains circuitry that regulates the fan speed according to the temperature inside the instrument.

The fan in instruments containing the 670-7534-05 power supply operates at a constant speed. An-

other difference is that the 670-7534-06 power supply generates an early warning signal,

SHUTDOWN(L), that provides the I/O Processor and Control Processor with an early warning

signal that initiates a reset condition prior to a power failure. The third difference is in one of the six

dc power outputs. The 670-7534-06 power supply has a +13 volt supply (nominal +12.5 V) on

TP184; the -05 supply has a + 12.1 volt supply (nominal + 12 V) at that same test point. The other

five dc power outputs are the same for both power supplies: +12 V (TP185), —12 V (TP183),

+5 V (TP171), —5 V (TP182), and +3 V (TP162).

NOTE

When using the minimum 1240 configuration, the supply current-limiting

resistor (R441) is removed from the circuit. If the 1240 is reconfigured, the

1240 may require a power supply jumper change due to the current number

of installed acquisition cards. The jumper change allows the power supply to

handle the increased demand for current from the supply. Jumper A07J444

should be positioned in the low-load setup (pin 2 shorted to pin 3) when one

or two acquisition cards, either 9-channel or 18-channel, are installed. If more

than two 9- or 18-channel cards are installed, the jumper should be posi-

tioned in the high-load setup (pin 1 shorted to pin 2).
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Primary current is sensed through T432 as a 20 kHZ primary signal. The amplitude of resulting

waveform across R440 depends on the positioning of the primary current limit jumper, A07J444.

Jumper A07J444 provides a method for increasing the primary current limit when the 1240's card

cage is fully loaded.

NOTE

Jumper A07J444 should be positioned in the low-load setup (pin 2 shorted to

pin 3) when two acquisition cards, either 9-channel or 18-channel, are

installed. If more than two 9- or 18-channel cards are installed, the jumper

should be positioned in the high-load setup (pin 1 shorted to pin 2).

Primary current limiting is accomplished by sensing the 20 kHZ primary signal with T432, then
rectifying and filtering this signal for the current limit input at U372 pin 7. If this input exceeds
100 mV, U372 shuts down the power supply.

PRIMARY SWITCHING CIRCUIT <>

The half-wave bridge chopper (formed by Q422, Q421, C321, and C322) converts the 350 volt dc
level to a 20 KHZ pulse width modulated wave. T431 couples a complementary pair of 20 KHZ base
drive switching signals from the Main Regulator to Q421 and Q422. Power transformer T241

couples the square wave (at TP422) to the Secondary Rectifier And Filter.

OVER-VOLTAGE PROTECTION >

Output over-voltage protection is provided by the SCR Q371. The SCR pulls down on the + 20 volt
line to U372pin 17 when the +5 volt supply exceeds approximately + 6.2 volts, or the -12 or -5 volt
supplies are pulled positive. If Q372is triggered, the power must be turned off, then on again, to re-

start the power supply.

SECONDARY RECTIFIER AND FILTER >

A 20 kHZ pulse width modulated wave from the primary switching circuit is rectified and filtered on
the secondary side of T241. The +5 volt output is full-wave rectified and filtered by CR445, CR451,

L151, L351, and C451. Additional +5 volt filtering is provided by L461 and C161. Full-wave

rectifying and filtering circuitry produces a +16 volt supply (balanced by A07T261) to feed the

+ 12.1 volt regulator and the + 12 volt regulators. The -5 volt regulator is supplied with -8 volts by

half-wave rectifying and filtering the 20 kHz waveform.
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3-TERMINAL REGULATORS >

The 3-terminal regulators convert voltages from the secondary rectifier circuitry to output supply

voltages used by the 1240 circuitry. All four regulators have built-in current limiting and thermal shut

down protection. The +12.1 volt regulator, U472, -12 volt regulator, U181, and the +12 volt

regulator, U481, are fed by + 16 volt inputs. The -5 volt regulator, U471, is fed by a -8 volt input.

+3 VOLT SUPPLY ©

The +3 volt supply (TP162) is actually a -2 volt supply from the +5 volt supply, forming a current

sink instead of a current source. The comparator U385B controls the output voltage and switching

frequency. The +5 volt sense line supplying a reference voltage to U385B causes the +3 volt sup-

ply to shutdown if the +5 volt supply shuts down. Transistors Q481 and Q482 act as signal buffers

which feed the switching transistor Q461. Comparator U381A controls current limiting by using

R461 as the current sense.

4-13
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OVERVIEW

The CRT Drive Board holds the circuitry necessary for driving the raster scan CRT. The video and
sync signals from the Display Board are used in generating the Z-Axis, sweep signals, and grid bias

voltages for the CRT. In addition to the basic monitor functions, this board also has circuitry

Supporting the rear panel functions. These circuits include trigger in and out buffering, composite

video out, contrast control, and a COMM (communication) pack interface.

VERTICAL SWEEP CIRCUIT <@>

CRT DRIVE BOARD THEORY

4342-19

The vertical processor, A6U311, generates the sweep current for the vertical deflection yoke. The

vertical processor includes a voltage-controlled oscillator, a voltage ramp generator, a high-gain

amplifier, and a flyback generator. These circuits provide vertical sweep synchronization, vertical

height deflection, and vertical linearity.



�A�6�U�3�1�1� �s�y�n�c�h�r�o�n�i�z�e�s� �t�o� �t�h�e� �6�0� �H�z�,� �T�T�L�-�l�e�v�e�l� �V�D�R�I�V�E�(�H�)� �s�i�g�n�a�l�.� �T�h�e� �a�m�p�l�i�f�i�e�r� �o�u�t�p�u�t� �a�t� �p�i�n� �4
�p�r�o�v�i�d�e�s� �t�h�e� �v�e�r�t�i�c�a�l� �y�o�k�e� �s�w�e�e�p� �c�u�r�r�e�n�t�.� �D�u�r�i�n�g� �t�h�e� �v�e�r�t�i�c�a�l� �s�w�e�e�p�,� �A�6�C�3�1�2� �c�h�a�r�g�e�s� �t�o� �a�p�p�r�o�x�i�-

�m�a�t�e�l�y� �+� �1�2� �v�o�l�t�s�.� �W�h�e�n� �t�h�e� �s�w�e�e�p� �r�e�a�c�h�e�s� �t�h�e� �b�o�t�t�o�m� �o�f� �t�h�e� �s�c�r�e�e�n�,� �t�h�e� �v�o�l�t�a�g�e� �o�n� �C�3�1�2�,� �a�d�d�e�d

�t�o� �t�h�e� �+�1�2� �v�o�l�t� �s�u�p�p�l�y� �a�t� �A�6�U�3�1�1� �p�i�n� �2�,� �i�s� �i�n�t�e�r�n�a�l�l�y� �a�p�p�l�i�e�d� �t�o� �t�h�e� �p�i�n� �4� �o�u�t�p�u�t�.� �T�h�i�s� �p�r�o�d�u�c�e�s� �t�h�e

�+� �2�4� �v�o�l�t� �f�l�y�b�a�c�k� �s�i�g�n�a�l� �t�h�a�t� �c�a�u�s�e�s� �t�h�e� �v�e�r�t�i�c�a�l� �d�e�f�l�e�c�t�i�o�n� �b�e�a�m� �t�o� �r�e�t�u�r�n� �t�o� �t�h�e� �t�o�p� �o�f� �t�h�e� �s�c�r�e�e�n�.

�T�h�e� �v�e�r�t�i�c�a�l� �s�i�z�e� �c�o�n�t�r�o�l�,� �A�6�R�2�2�1�,� �a�d�j�u�s�t�s� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �s�w�e�e�p� �c�u�r�r�e�n�t�,� �t�h�e�r�e�b�y� �s�e�t�t�i�n�g� �t�h�e

�a�m�o�u�n�t� �o�f� �v�e�r�t�i�c�a�l� �d�e�f�l�e�c�t�i�o�n�.� �T�h�e� �v�e�r�t�i�c�a�l� �h�o�l�d� �c�o�n�t�r�o�l�,� �A�G�R�3�2�0�,� �i�s� �p�a�r�t� �o�f� �a�n� �R�C� �t�i�m�i�n�g� �c�i�r�c�u�i�t� �t�h�a�t

�p�r�o�d�u�c�e�s� �a� �r�a�m�p� �a�t� �t�h�e� �o�s�c�i�l�l�a�t�o�r� �i�n�p�u�t� �p�i�n� �9�.� �A�d�j�u�s�t�i�n�g� �t�h�e� �r�a�m�p ��s� �f�r�e�q�u�e�n�c�y� �r�a�t�e� �t�o� �6�0� �H�z� �c�a�u�s�e�s
�v�e�r�t�i�c�a�l� �s�y�n�c�h�r�o�n�i�z�a�t�i�o�n� �t�o� �o�c�c�u�r�.� �T�h�e� �v�e�r�t�i�c�a�l� �l�i�n�e�a�r�i�t�y� �c�o�n�t�r�o�l�,� �A�G�R�3�0�0�,� �c�o�m�p�e�n�s�a�t�e�s� �f�o�r� �a�n�y� �n�o�n�-

�l�i�n�e�a�r�i�t�y� �i�n� �t�h�e� �r�a�m�p�-�g�e�n�e�r�a�t�i�n�g� �c�i�r�c�u�i�t�r�y�.

�H�O�R�I�Z�O�N�T�A�L� �S�W�E�E�P� �C�I�R�C�U�I�T�R�Y� �<�<
�T�h�e� �m�a�j�o�r� �p�a�r�t�s� �o�f� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �s�w�e�e�p� �c�i�r�c�u�i�t� �a�r�e� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �p�r�o�c�e�s�s�o�r� �A�6�U�5�3�4�,� �t�h�e� �h�o�r�i�z�o�n�t�a�l

�d�e�f�l�e�c�t�i�o�n� �y�o�k�e�,� �t�h�e� �S�-�s�h�a�p�i�n�g� �c�a�p�a�c�i�t�o�r� �A�6�C�4�2�4�,� �t�h�e� �r�e�t�r�a�c�e� �c�a�p�a�c�i�t�o�r�s� �A�6�C�3�4�5� �a�n�d� �C�3�5�0�,� �t�h�e

�c�l�a�m�p�i�n�g� �d�i�o�d�e� �A�6�C�R�4�5�2�,� �a�n�d� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �s�w�i�t�c�h�i�n�g� �t�r�a�n�s�i�s�t�o�r�s� �A�6�Q�4�4�5� �a�n�d� �Q�5�6�0�.� �T�h�e�s�e� �p�a�r�t�s
�w�o�r�k� �t�o�g�e�t�h�e�r� �t�o� �p�r�o�d�u�c�e� �a� �h�o�r�i�z�o�n�t�a�l� �d�e�f�l�e�c�t�i�o�n� �c�u�r�r�e�n�t� �t�h�a�t� �s�w�e�e�p�s� �t�h�e� �v�i�d�e�o� �b�e�a�m� �a�c�r�o�s�s� �t�h�e

�C�R�T�.� �T�h�i�s� �c�i�r�c�u�i�t� �a�l�s�o� �p�r�o�d�u�c�e�s� �a� �f�l�y�b�a�c�k� �s�i�g�n�a�l� �t�o� �t�h�e� �f�l�y�b�a�c�k� �t�r�a�n�s�f�o�r�m�e�r� �t�h�a�t� �i�s� �i�n� �p�a�r�a�l�l�e�l� �w�i�t�h� �t�h�e

�h�o�r�i�z�o�n�t�a�l� �d�e�f�l�e�c�t�i�o�n� �y�o�k�e�.

�T�h�e� �h�o�r�i�z�o�n�t�a�l� �p�r�o�c�e�s�s�o�r�,� �A�6�U�5�3�4�,� �p�r�o�v�i�d�e�s� �a� �d�r�i�v�e� �s�i�g�n�a�l� �f�o�r� �t�h�e� �s�w�e�e�p� �c�i�r�c�u�i�t�.� �T�h�i�s� �s�q�u�a�r�e�-�w�a�v�e

�d�r�i�v�e� �s�i�g�n�a�l�,� �o�u�t�p�u�t� �a�t� �A�6�U�5�3�4� �p�i�n� �1�,� �i�s� �c�o�u�p�l�e�d� �t�h�r�o�u�g�h� �A�6�T�5�5�5� �a�n�d� �a�p�p�l�i�e�d� �t�o� �t�h�e� �b�a�s�e� �o�f� �t�h�e

�s�w�i�t�c�h�i�n�g� �t�r�a�n�s�i�s�t�o�r� �A�6�Q�5�6�0�.� �T�h�e� �t�r�a�n�s�i�s�t�o�r ��s� �o�u�t�p�u�t� �s�i�g�n�a�l� �i�s� �s�y�n�c�h�r�o�n�i�z�e�d� �t�o� �t�h�e� �H�D�R�I�V�E�(�L�)

�s�i�g�n�a�l� �t�h�r�o�u�g�h� �a�n� �i�n�t�e�g�r�a�t�i�n�g� �c�i�r�c�u�i�t� �a�t� �p�i�n� �4�.� �A�6�U�5�3�4� �i�n�t�e�r�n�a�l�l�y� �c�o�m�p�a�r�e�s� �t�h�e� �t�w�o� �i�n�p�u�t�s� �(�p�i�n� �3� �a�n�d

�p�i�n� �4�)� �f�o�r� �a� �p�h�a�s�e� �s�h�i�f�t� �b�e�t�w�e�e�n� �t�h�e� �t�w�o�.� �I�f� �a�n�y� �p�h�a�s�e� �s�h�i�f�t� �i�s� �d�e�t�e�c�t�e�d�,� �t�h�e� �p�h�a�s�e� �d�e�t�e�c�t�o�r ��s� �o�u�t�p�u�t

�a�t� �p�i�n� �5� �a�d�j�u�s�t�s� �t�h�e� �o�s�c�i�l�l�a�t�o�r ��s� �o�u�t�p�u�t� �f�r�e�q�u�e�n�c�y� �a�t� �p�i�n� �1�.

�A�6�Q�5�6�0� �i�s� �t�u�r�n�e�d� �o�n� �w�h�i�l�e� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �b�e�a�m� �i�s� �s�w�e�e�p�i�n�g� �t�o�w�a�r�d�s� �t�h�e� �l�e�f�t� �s�i�d�e� �o�f� �t�h�e� �s�c�r�e�e�n�.� �D�u�r�-

�i�n�g� �t�h�i�s� �t�i�m�e�,� �t�h�e� �d�e�f�l�e�c�t�i�o�n� �c�u�r�r�e�n�t� �f�r�o�m� �t�h�e� �y�o�k�e� �i�s� �r�o�u�t�e�d� �t�o� �g�r�o�u�n�d�.� �W�h�e�n� �t�h�e� �b�a�s�e� �d�r�i�v�e� �s�i�g�n�a�l

�t�u�r�n�s� �Q�5�6�0� �o�f�f�,� �t�h�e� �b�e�a�m� �i�s� �a�t� �i�t�s� �m�a�x�i�m�u�m� �s�w�e�e�p� �(�d�e�f�l�e�c�t�i�o�n�)� �a�n�d� �t�h�e� �v�o�l�t�a�g�e� �a�t� �Q�5�6�0 ��s� �c�o�l�l�e�c�t�o�r

�f�l�y�s� �u�p� �t�o� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�5�0� �v�o�l�t�s�.� �T�h�i�s� �i�s� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �f�l�y�b�a�c�k� �s�i�g�n�a�l�.� �A�t� �t�h�i�s� �t�i�m�e�,� �t�h�e� �y�o�k�e

�c�u�r�r�e�n�t� �q�u�i�c�k�l�y� �r�a�m�p�s� �t�o� �a� �n�e�g�a�t�i�v�e� �v�a�l�u�e�,� �c�a�u�s�i�n�g� �t�h�e� �b�e�a�m� �t�o� �r�e�t�r�a�c�e� �t�o� �t�h�e� �r�i�g�h�t� �s�i�d�e� �o�f� �t�h�e

�s�c�r�e�e�n�.

�D�u�e� �t�o� �s�e�v�e�r�a�l� �f�a�c�t�o�r�s� �(�e�.�g�.�,� �a� �f�l�a�t� �i�m�a�g�e� �s�c�r�e�e�n�,� �n�o�n�-�l�i�n�e�a�r� �c�o�m�p�o�n�e�n�t�s�,� �e�t�c�.�)�,� �a� �c�o�n�t�r�o�l� �i�s� �a�v�a�i�l�a�b�l�e

�t�o� �a�l�l�o�w� �c�u�r�r�e�n�t� �r�a�m�p� �s�h�a�p�i�n�g�.� �T�h�i�s� �a�f�f�e�c�t�s� �t�h�e� �l�i�n�e�a�r�i�t�y� �o�f� �t�h�e� �s�c�r�e�e�n� �i�m�a�g�e�.� �T�h�e� �h�o�r�i�z�o�n�t�a�l� �l�i�n�e�a�r�i�t�y

�c�o�n�t�r�o�l�,� �A�6�L�4�3�5�,� �c�o�n�t�r�o�l�s� �i�m�a�g�e� �s�h�a�p�i�n�g� �o�n� �t�h�e� �l�e�f�t� �s�i�d�e� �o�f� �t�h�e� �s�c�r�e�e�n�,� �w�h�i�l�e� �t�h�e� �n�o�n�-�a�d�j�u�s�t�a�b�l�e� �c�a�-

�p�a�c�i�t�o�r�,� �A�6�C�4�2�4�,� �c�o�n�t�r�o�l�s� �i�m�a�g�e� �s�h�a�p�i�n�g� �o�n� �t�h�e� �r�i�g�h�t� �s�i�d�e� �o�f� �t�h�e� �s�c�r�e�e�n�.� �T�h�e� �h�o�r�i�z�o�n�t�a�l� �w�i�d�t�h

�c�o�n�t�r�o�l�,� �A�6�L�6�0�0�,� �a�l�l�o�w�s� �a� �t�o�t�a�l� �c�i�r�c�u�i�t� �i�n�d�u�c�t�a�n�c�e� �a�d�j�u�s�t�m�e�n�t� �t�h�a�t� �c�h�a�n�g�e�s� �t�h�e� �c�u�r�r�e�n�t� �r�a�m�p� �f�o�r

�d�e�s�i�r�e�d� �h�o�r�i�z�o�n�t�a�l� �b�e�a�m� �d�e�f�l�e�c�t�i�o�n�.� �T�h�e� �h�o�r�i�z�o�n�t�a�l� �h�o�l�d� �c�o�n�t�r�o�l�,� �A�6�R�5�1�3�,� �i�s� �p�a�r�t� �o�f� �a�n� �R�C� �t�i�m�i�n�g� �c�i�r�-

�c�u�i�t� �t�h�a�t� �p�r�o�d�u�c�e�s� �a� �r�a�m�p� �a�t� �t�h�e� �o�s�c�i�l�l�a�t�o�r ��s� �i�n�p�u�t� �p�i�n� �7�.� �A�d�j�u�s�t�i�n�g� �t�h�e� �r�a�m�p ��s� �f�r�e�q�u�e�n�c�y� �r�a�t�e� �t�o� �a�p�-

�p�r�o�x�i�m�a�t�e�l�y� �1�5�7�5�0� �K�H�z� �c�a�u�s�e�s� �h�o�r�i�z�o�n�t�a�l� �s�y�n�c�h�r�o�n�i�z�a�t�i�o�n� �t�o� �o�c�c�u�r�.� �T�h�e� �h�o�r�i�z�o�n�t�a�l� �p�o�s�i�t�i�o�n

�c�o�n�t�r�o�l�,� �A�6�R�5�5�3�,� �p�r�o�v�i�d�e�s� �a� �v�a�r�i�a�b�l�e� �p�h�a�s�e� �s�h�i�f�t� �t�o� �t�h�e� �f�e�e�d�b�a�c�k� �r�a�m�p� �a�t� �p�i�n� �4�,� �t�h�e�r�e�b�y� �a�l�l�o�w�i�n�g� �a

�l�e�f�t� �o�r� �r�i�g�h�t� �s�h�i�f�t� �i�n� �t�h�e� �s�c�r�e�e�n� �i�m�a�g�e�.

�I�f� �a�n� �o�v�e�r�-�v�o�l�t�a�g�e� �c�o�n�d�i�t�i�o�n� �a�r�i�s�e�s� �d�u�e� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �f�l�y�b�a�c�k�-�g�e�n�e�r�a�t�e�d� �s�u�p�p�l�y� �v�o�l�t�a�g�e�s�,� �t�h�e

�Z�e�n�e�r� �d�i�o�d�e�,� �A�6�V�R�4�3�5�,� �i�n�c�r�e�a�s�e�s� �t�h�e� �v�o�l�t�a�g�e� �t�o� �t�h�e� �o�s�c�i�l�l�a�t�o�r� �w�i�t�h�i�n� �A�6�U�5�3�4�.� �T�h�e� �r�e�s�u�l�t�i�n�g

�i�n�c�r�e�a�s�e� �i�n� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �o�u�t�p�u�t� �f�r�e�q�u�e�n�c�y� �t�o� �t�h�e� �f�l�y�b�a�c�k� �t�r�a�n�s�f�o�r�m�e�r� �c�a�u�s�e�s� �v�o�l�t�a�g�e� �l�i�m�i�t�i�n�g�.



�T�h�e�o�r�y� �o�f� �O�p�e�r�a�t�i�o�n ��1�2�4�0� �S�e�r�v�i�c�e� �V�o�l�.� �|

�H�I�G�H� �V�O�L�T�A�G�E�/�G�R�I�D� �V�O�L�T�A�G�E� �G�E�N�E�R�A�T�I�O�N

�T�h�e� �1�0� �k�V� �C�R�T� �a�n�o�d�e� �p�o�t�e�n�t�i�a�l� �a�n�d� �o�t�h�e�r� �b�i�a�s� �v�o�l�t�a�g�e�s� �a�r�e� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �f�l�y�b�a�c�k� �t�r�a�n�s�f�o�r�m�e�r
�A�6�T�2�5�1� �f�r�o�m� �t�h�e� �f�l�y�b�a�c�k� �w�a�v�e�f�o�r�m�.� �T�h�i�s� �t�r�a�n�s�f�o�r�m�e�r� �i�s� �i�n� �p�a�r�a�l�l�e�l� �w�i�t�h� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �y�o�k�e� �a�n�d� �a�l�s�o
�s�u�p�p�l�i�e�s� �s�o�m�e� �o�f� �t�h�e� �s�w�e�e�p� �c�u�r�r�e�n�t� �f�o�r� �t�h�e� �y�o�k�e� �w�i�n�d�i�n�g�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �l�i�s�t� �s�p�e�c�i�f�y� �t�h�e� �v�o�l�t�a�g�e�s
�g�e�n�e�r�a�t�e�d�,� �a�n�d� �t�h�e�i�r� �u�s�e�s�.

�1�0� �k�V� �f�o�r� �C�R�T� �a�n�o�d�e

�+�5�0�0� �V�d�c� �f�o�r� �a�c�c�e�l�e�r�a�t�i�o�n� �g�r�i�d� �(�p�i�n� �2�)� �a�n�d� �f�o�c�u�s� �g�r�i�d� �(�p�i�n� �4�)

�+�5�5� �V�d�c� �f�o�r� �v�i�d�e�o� �Z�-�a�x�i�s� �a�m�p�l�i�f�i�e�r
 ��7�5� �V�d�e� �f�o�r� �b�r�i�g�h�t�n�e�s�s� �c�o�n�t�r�o�l

�C�A�T�H�O�D�E� �Z�-�A�X�I�S� �A�M�P�L�I�F�I�E�R�/�B�R�I�G�H�T�N�E�S�S� �C�O�N�T�R�O�L� �<�@�>

�T�h�e� �v�i�d�e�o� �s�i�g�n�a�l� �f�r�o�m� �t�h�e� �D�i�s�p�l�a�y� �B�o�a�r�d� �(�a�t�t�e�n�u�a�t�e�d� �b�y� �t�h�e� �r�e�a�r� �p�a�n�e�l� �C�o�n�t�r�a�s�t� �c�o�n�t�r�o�l�)� �i�s� �a�m�p�l�i�f�i�e�d

�b�y� �A�6�Q�1�0�6�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �o�u�t�p�u�t� �i�s� �a�p�p�l�i�e�d� �t�o� �t�h�e� �C�R�T� �t�h�r�o�u�g�h� �a�n� �i�n�d�u�c�t�i�v�e� �p�e�a�k�i�n�g� �n�e�t�w�o�r�k� �i�n� �t�h�e

�C�R�T� �c�a�b�l�e� �a�s�s�e�m�b�l�y�,� �W�2�3�0�.� �T�h�e� �Z�-�a�x�i�s� �a�m�p�l�i�f�i�e�r�,� �A�6�Q�1�0�6�,� �o�p�e�r�a�t�e�s� �i�n� �a� �c�o�m�m�o�n�-�e�m�i�t�t�e�r
�c�o�n�f�i�g�u�r�a�t�i�o�n� �w�i�t�h� �a� �2�2� �M�H�z� �b�a�n�d�w�i�d�t�h�.

�T�h�e� �s�c�r�e�e�n� �b�r�i�g�h�t�n�e�s�s� �a�d�j�u�s�t�m�e�n�t�,� �A�6�R�3�2�5�,� �c�o�n�t�r�o�l�s� �t�h�e� �b�i�a�s� �v�o�l�t�a�g�e� �o�n� �g�r�i�d� �1� �o�f� �t�h�e� �C�R�T�,� �t�h�e�r�e�b�y
�a�l�l�o�w�i�n�g� �a� �v�a�r�i�a�t�i�o�n� �o�f� �v�o�l�t�a�g�e� �p�o�t�e�n�t�i�a�l� �b�e�t�w�e�e�n� �t�h�e� �c�a�t�h�o�d�e� �a�n�d� �g�r�i�d� �1�.

�C�O�M�P�O�S�I�T�E� �V�I�D�E�O� �A�M�P�L�I�F�I�E�R� �<�3�>

�T�h�i�s� �a�m�p�l�i�f�i�e�r� �u�s�e�s� �t�h�e� �c�o�m�p�o�s�i�t�e� �s�y�n�c� �C�S�Y�N�C�(�H�)� �s�i�g�n�a�l� �(�a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e� �v�e�r�t�i�c�a�l� �d�r�i�v�e
�V�D�R�I�V�E�(�H�)� �a�n�d� �h�o�r�i�z�o�n�t�a�l� �d�r�i�v�e� �H�D�R�I�V�E�(�L�)� �s�i�g�n�a�l�s�)� �a�n�d� �t�h�e� �V�I�D�E�O�(�H�)� �s�i�g�n�a�l� �t�o� �p�r�o�d�u�c�e� �a
�c�o�m�p�o�s�i�t�e� �v�i�d�e�o� �o�u�t�p�u�t�.� �T�h�i�s� �n�o�n�-�i�n�t�e�r�l�a�c�e�d� �c�o�m�p�o�s�i�t�e� �v�i�d�e�o� �o�u�t�p�u�t� �s�i�g�n�a�l� �(�R�S�1�7�0�-�c�o�m�p�a�t�i�b�l�e�)� �i�s
�u�s�e�d� �t�o� �d�r�i�v�e� �a�n� �e�x�t�e�r�n�a�l� �m�o�n�i�t�o�r� �o�r� �v�i�d�e�o� �h�a�r�d� �c�o�p�y� �u�n�i�t�.

�T�h�e� �D�i�s�p�l�a�y� �B�o�a�r�d ��s� �V�I�D�E�O�(�H�)� �a�n�d� �C�S�Y�N�C�(�H�)� �s�i�g�n�a�l�s� �a�r�e� �c�o�m�b�i�n�e�d� �i�n� �A�1�0�Q�4�7�1�.� �T�r�a�n�s�i�s�t�o�r
�A�1�0�Q�4�7�2� �p�r�o�v�i�d�e�s� �l�e�v�e�l� �s�h�i�f�t�i�n�g� �f�o�r� �R�S�1�7�0�-�c�o�m�p�a�t�i�b�l�e� �o�u�t�p�u�t� �c�a�p�a�b�i�l�i�t�y�.

�T�R�I�G� �I�N� �L�E�V�E�L� �S�H�I�F�T� �A�N�D� �B�U�F�F�E�R� �>

�T�h�i�s� �l�e�v�e�l�-�s�h�i�f�t�i�n�g� �b�u�f�f�e�r� �a�c�c�e�p�t�s� �T�T�L�-�l�e�v�e�l� �t�r�i�g�g�e�r� �i�n� �s�i�g�n�a�l�s� �f�r�o�m� �t�h�e� �r�e�a�r� �p�a�n�e�l� �T�R�I�G� �I�N� �B�N�C

�c�o�n�n�e�c�t�o�r� �a�n�d� �c�o�n�v�e�r�t�s� �t�h�e�m� �t�o� �b�u�f�f�e�r�e�d�,� �E�C�L�-�l�e�v�e�l� �s�i�g�n�a�l�s�.� �T�h�e� �t�r�i�g�g�e�r� �i�n� �s�i�g�n�a�l� �i�s� �u�s�e�d� �t�o

�e�x�t�e�r�n�a�l�l�y� �t�r�i�g�g�e�r� �o�r� �e�n�a�b�l�e� �t�h�e� �1�2�4�0�.

�T�r�a�n�s�i�s�t�o�r� �A�1�0�Q�3�7�3� �a�c�t�s� �a�s� �a� �b�u�f�f�e�r� �f�o�r� �t�h�e� �t�r�i�g�g�e�r� �i�n� �s�i�g�n�a�l�,� �s�u�p�p�l�y�i�n�g� �t�h�e� �n�e�e�d�e�d� �c�u�r�r�e�n�t� �d�r�i�v�e� �f�o�r

�t�r�a�n�s�m�i�s�s�i�o�n� �t�o� �t�h�e� �T�r�i�g�g�e�r� �B�o�a�r�d�.� �A�1�0�Q�2�7�1�,� �Q�3�7�1�,� �a�n�d� �Q�3�7�2� �a�r�e� �T�T�L�-� �t�o� �E�C�L�-� �l�e�v�e�l� �s�h�i�f�t�i�n�g

�c�o�m�p�o�n�e�n�t�s�.� �I�f� �a� �X�1�0� �a�t�t�e�n�u�a�t�i�o�n� �t�r�i�g�g�e�r� �i�n�p�u�t� �p�r�o�b�e� �i�s� �u�s�e�d� �a�t� �t�h�e� �r�e�a�r� �p�a�n�e�l�,� �t�h�e� �p�r�o�b�e� �c�o�n�n�e�c�t�o�r

�c�o�n�t�a�c�t�s� �t�h�e� �o�u�t�e�r� �r�i�n�g� �o�f� �t�h�e� �T�R�I�G� �I�N� �B�N�C�.� �T�h�i�s� �a�c�t�i�v�a�t�e�s� �t�h�e� �t�h�r�e�s�h�o�l�d� �s�w�i�t�c�h� �c�o�m�p�r�i�s�e�d� �o�f

�A�1�0�Q�4�7�3� �a�n�d� �Q�5�7�1�,� �e�f�f�e�c�t�i�v�e�l�y� �r�e�d�u�c�i�n�g� �t�h�e� �b�a�s�e� �d�r�i�v�e� �t�o� �A�1�0�Q�3�7�1� �b�y� �a� �f�a�c�t�o�r� �o�f� �1�0�.

�T�R�I�G� �O�U�T� �L�E�V�E�L� �S�H�I�F�T� �A�N�D� �B�U�F�F�E�R� �>
�T�h�i�s� �l�e�v�e�l�-�s�h�i�f�t�i�n�g� �b�u�f�f�e�r� �a�c�c�e�p�t�s� �E�C�L�-�l�e�v�e�l� �t�r�i�g�g�e�r� �o�u�t� �s�i�g�n�a�l�s� �f�r�o�m� �t�h�e� �T�r�i�g�g�e�r� �B�o�a�r�d� �a�n�d� �c�o�n�v�e�r�t�s

�t�h�e�m� �t�o� �b�u�f�f�e�r�e�d�,� �T�T�L�-�l�e�v�e�l� �s�i�g�n�a�l�s� �a�v�a�i�l�a�b�l�e� �a�t� �t�h�e� �r�e�a�r� �p�a�n�e�l� �T�R�I�G� �O�U�T� �B�N�C�.� �T�h�e� �l�a�t�c�h�e�d� �o�r

�p�u�l�s�i�n�g� �t�r�i�g�g�e�r� �o�u�t� �s�i�g�n�a�l� �t�o� �t�h�e� �T�r�i�g�g�e�r� �B�o�a�r�d� �i�s� �u�s�e�f�u�l� �i�n� �t�r�i�g�g�e�r�i�n�g� �o�r� �e�n�a�b�l�i�n�g� �o�t�h�e�r� �e�x�t�e�r�n�a�l

�i�n�s�t�r�u�m�e�n�t�s�.

�A�1�0�Q�4�6�1� �a�n�d� �Q�4�6�2� �a�c�t� �t�o�g�e�t�h�e�r� �a�s� �a� �d�i�f�f�e�r�e�n�t�i�a�l� �c�o�m�p�a�r�a�t�o�r�.� �C�o�m�p�o�n�e�n�t�s� �A�1�0�Q�5�6�2� �a�n�d

�A�1�0�C�R�5�6�1� �c�o�n�t�r�o�l� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �c�o�m�p�a�r�a�t�o�r� �t�o� �m�a�i�n�t�a�i�n� �f�a�s�t� �s�w�i�t�c�h�i�n�g� �r�a�t�e�s�.� �A�1�0�0�Q�5�6�1

�s�u�p�p�l�i�e�s� �t�h�e� �n�e�c�e�s�s�a�r�y� �p�u�l�l� �d�o�w�n� �f�o�r� �t�h�e� �T�T�L�-�l�e�v�e�l� �o�u�t�p�u�t� �a�t� �t�h�e� �r�e�a�r� �p�a�n�e�l� �T�R�I�G� �O�U�T� �B�N�C�.
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DISPLAY BOARD THEORY

OVERVIEW

The Display Board contains circuitry that performs the following functions:

* positions characters and timing diagrams on the display screen

* controls vertical smooth scrolling

* controls horizontal smooth scrolling

* controls reverse video and highlighting for characters

* produces three intensified timing diagram cursors

The display circuitry produces three types of display screens: basic text, text and a state table (with
State table vertical scrolling), and text and a timing diagram (with timing diagram horizontal
scrolling). For ease of discussion, the functional blocks necessary to produce a basic text display
are described first under Circuitry For Basic Display Operations. State table vertical scrolling and
timing diagram horizontal scrolling operations are supplemental to the production of basic text
displays and are therefore described last under Circuitry For Vertical (or Horizontal) Scrolling
Operations. Figure 4-8 illustrates the 1240 display screen.

The display board theory of operation discussion is limited to display circuitry, even though some
trigger circuitry resides on the Display Board. Trigger circuitry is discussed in Trigger Board Theory.
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Figure 4-8. 1240 display screen.
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CIRCUITRY FOR BASIC DISPLAY OPERATIONS

CLOCK DIVIDER A>

A 19.6 MHz crystal oscillator provides a basic clock frequency that is divided into the following

Display Board clock rates: 9.8 MHz(H) and (L), 4.8 MHz(H), 2.4 MHz(H), 1.2 MHz(H), and

.6 MHz(H).

OP R/W SELECT LOGIC <>

This select logic generates control signals for several operations. BUF(L), OE(L), LOE(L), and

LCP(H) control data transmission for the Display RAM A11U238 and the I/O Processor-Display

RAM Interface when the I/O Processor writes to or reads from the RAM. HIGH SELECT(L) and

LOW SELECT(L) enable the Vertical Scrolling Registers and the Horizontal Scrolling Registers,

respectively, that produce Display RAM addresses. CURSOR SELECT(L) selects the Cursor

Pattern Generator Register A11U290.

WAIT CIRCUIT <i>

The Wait Circuit monitors the I/O Processor’s IRD(L) read signal, IWR(L) write signal, and

DMEM(L) display memory signals in combination with the Display Board’s 1.2 MHz clock to

determine when the I/O Processor should access the Display RAM. (For more information on

accessing Display RAM, refer to Display RAM and Address Multiplexing.) The circuit produces

LCP(L) and LOE(L) to control the I/OP-Display RAM Interface. It also generates the IWAIT(L)

signal to the I/O Processor’s Z80, which forces it to wait for its appropriate access time.

I/OP-DISPLAY RAM INTERFACE <i>

The interface, formed by A11U225 and U230, provides a communication link between the 1/O

Processor’s !D data bus and the Disnlavy RAM’s V data bus. The He) Processor uses this link when
pw Omer NCEE Be RHEIN SE Ea vew © wets Adeeol

transferring a screen image to the Display RAM, A11U238. The interface is also used during

diagnostics when the I/O Processor reads back data from the Display RAM.

SYNC SIGNAL GENERATION <i>

Latch A11U208 holds the synchronization control states determined by the sync signal generator,

A11U202. This generator, reset by VERT RESET(L) after raster 240, outputs control signals that

synchronize raster counter operations on the Display Board and display monitor operations on the

CRT Drive Board.

RASTER COUNTER AND VERTICAL SCROLLING CONTROL 4

The raster counter tracks the output of raster lines for the display screen (240 raster lines per

screen). The CB(L) composite blank signal clocks the dual 4-bit counter A11U195 that outputs the

RO(H)-R7(H) raster count. The High Address Adder forms Display RAM upper addresses from 1)

the current raster line count from this circuit, and 2) any offset value held in the Vertical Scrolling

Register. These addresses specify the portion of Display RAM to be output.
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When the video beam retraces to the top, upper-left corner of the screen, the raster counter is ze-

roed by VB(L). The VB(L) signal becomes the BLANK(L) signal in the Character/Timing Control

circuit, causing a blank space to be output when active low. For each raster sweep across the

screen, this counter is incremented. Eight raster scans produce one character line (because each

letter is formed by an eight-by-eight dot matrix). The raster counter generates two signals, RB(H)

and RA(H), to indicate raster scan 80 and 200 (lines 10 and 25 respectively). These lines mark the

boundary of the vertical and horizontal scrolling regions. At raster 240, vertical retrace occurs and

VB(L) once again resets the raster counter for the next screen display.

The VLATCH(H) signal to the I/O Processor is used during diagnostics when the I/O Processor

reads back from the diagnostic window, A10U190 and U295.

HIGH ADDRESS ADDER <{3>

This adder, formed by A11U375 and 380, combines any offset value latched by the Vertical

Scrolling Register with the current raster count. The sum of the two values forms an eight-bit word.
The upper five bits, U6-U10, are the Display RAM’s A6-A10 address bits that define one of 32

blocks in the Display RAM (see Figure 4-9) to be output. The lower three bits, LO-L2, indicate which

of the eight raster rows is to be output by the Character ROM.

TOP OF MEMORY

) 64-BYTE BLOCK
OF CURSOR AND
HIGHLIGHT DATA

4 LINE 1

¥
LINE 10

LINE 26

CHARACTER (
DATA

LINE 30

LINE 21

Ld
L LINE 25

BUFFER 64-BYTE BLOCK

OF BUFFER SPACE

LINE 11

CHARACTER gy
DATA

LINE 20 |

BOTTOM OF MEMORY

4342-22

Figure 4-9. Display RAM memory map.
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LOW ADDRESS COUNTER >

This counter, formed by A11U365 and U370, outputs a count pattern on the lower six address lines

to the Display RAM during normal text displays. During horizontal scrolling, the counter is loaded

with an offset value obtained from the Horizontal Scrolling Registers. That value becomes the new

address information pointing to Display RAM’s horizontal scrolling data.

DISPLAY RAM AND ADDRESS MULTIPLEXING <4
The Display RAM, A11U238, is a 2K X 8-bit, 6116-type RAM. This RAM provides temporary

storage of four types of data: character data, timing/glitch data, timing mode highlighting data, and

timing mode cursor position data. Each of the 30 screen lines can be related to one 64-byte block of

Display RAM memory (refer to Figure 4-9). The two remaining 64-byte blocks are used during

scrolling operations and cursor/highlighting operations.

Display RAM accessing occurs according to an 800 ns-per-character cycle time (refer to Figure 4-

10.) During the first 400 ns, the address multiplexers A11U265, U270, and U275 allow the I/O

Processor to address the Display RAM on address lines AO-A10. The RAM then stores screen dis-

play data sent from the I/O Processor through the I/OP-Display RAM Interface. The remaining

400 ns of the cycle is split into two halves. During the second 400 ns of the cycle, the address multi-

plexers pass the adresses formed by the Low Address Counters and the High Address Adder. The

first 200 ns period is used to output character or timing/glitch data sent from the Display RAM. The

data is latched by A11U215 on the rising edge of CCLK(H). The second 200 ns period is used to

output cursor position and highlight data and is latched by the falling edge of CCLK(H) (actually

1.2MHZ(L)’s rising edge).

Jumper A11J275, when put in the TEST position (pins 2 and 3 shorted), causes the address

multiplexer to lock out I/O Processor addresses. This allows only the addresses from the Low

Address Counter and the High Address Adder to pass. The address count may be used when

troubleshooting the display circuitry, because only one set of addresses is being passed.

I /OP _

DISPLAY TIME
1.2 MHZ(H) TIME

ACCESS 2
ACCESS 1

CCLK(H)

LATCH CHARACTER OR tL LATCH CURSOR
TIMING/GLITCH DATA AND HIGHLIGHT DATA

4342-23

Figure 4-10. Display memory access times.
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CHARACTER ROM AND LATCH <>

The Character ROM, A11U318, is a 2K X 8-bit, 2716-type EPROM containing two 64-character
sets of text characters. The two character sets provide a total of 128 possible display characters.
(The timing diagram characters are generated by the Timing Diagram ROM.) The Character ROM

decodes an FF data value as a blank character, output at the beginning of timing diagram

waveforms. This special character code causes the display to enter the Timing Diagram mode of

operation.

CHARACTER, CURSOR, AND HIGHLIGHT PARALLEL-TO-SERIAL

CONVERTOR 4

This parallel-in/serial-out shift register, A11U425, accepts text data from the Character ROM or

cursor/highlight data directly from the Display RAM. This parallel data is then converted into a serial

stream of data that is clocked by 9.8 MHz. When generating timing diagram displays, the timing of

LOADS(L) is changed to accomplish horizontal scrolling (described in Character/Timing Control IN).

CHARACTER/TIMING CONTROL! <>

This circuitry outputs various control signals used by the Video Output Mixer when producing

screen displays. TCL(H) and TCL(L) are used when producing timing diagram displays. BITO(H) and

BIT 1(H) control the timing of the LOADS(L) signal (in the Character, Cursor, and Highlight Parallel-
to-Serial Convertor) which causes a character to be loaded into the CCH Parallel-to- Serial

Convertor A11U425.

An eight-input NAND gate, A11U410, decodes an FF condition on the Character ROM’s data bus

as the active low TMODE(L) timing mode signal. During this time, the Timing Diagram ROM outputs

timing diagram waveforms. The ROM(L) signal to the Character ROM A11U318 disables the ROM

during the timing diagram mode, allowing the cursor and highlight data from the Display RAM to be

passed. The CHAR(L) signal, produced from ROM(L), switches Video Mixer circuitry between the

character and timing diagram modes.

REVERSE/HIGHLIGHT CONTROL <j

This circuitry determines character video attributes for the Video Output Mixer. Bits 6 and 7 from

the latched Character ROM data bus are used to determine if the output character is to be normal

video, reverse video (dark characters on a light background), or highlighted video (light characters

on a shaded background). The 11 (one-one) combination of bits 6 and 7 is also used to control an

upper address line to the Character ROM. The AQ address line to the Character ROM forces the

character that is output to have the same attribute as the previously output character (copycat), but

to be from the second set of characters within the ROM. The following Table 4-1 summarizes the

four possible states.

Table 4-1

POWER-UP ERROR CONDITIONS

BIT 7 BIT 6

STATE STATE CHARACTER ATTRIBUTE

0 standard (use set 1)

1 highlighted (use set 1)

0 reverse (use set 1)

1 keep previous attribute

(use set 2)

atatCOCE
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�b�y� �c�a�u�s�i�n�g� �a�n� �o�f�f�s�e�t� �v�a�l�u�e� �t�o� �b�e� �l�o�a�d�e�d� �i�n�t�o� �t�h�e� �L�o�w� �A�d�d�r�e�s�s� �C�o�u�n�t�e�r�s�.

�S�i�g�n�a�l�s� �B�I�T�O�(�H�)� �a�n�d� �B�I�T�1�(�H�)� �c�o�n�t�r�o�l� �t�h�e� �t�i�m�i�n�g� �o�f� �t�h�e� �L�O�A�D�S�(�L�)� �s�i�g�n�a�l�.� �D�u�r�i�n�g� �b�a�s�i�c� �t�e�x�t� �d�i�s�p�l�a�y�s�,
�t�h�e� �L�O�A�D�S�(�L�)� �s�i�g�n�a�l� �c�l�o�c�k�s� �t�h�e� �C�C�H� �P�a�r�a�l�l�e�l�-�t�o�-�S�e�r�i�a�l� �C�o�n�v�e�r�t�o�r� �a�t� �a� �r�a�t�e� �t�h�a�t� �a�l�l�o�w�s� �w�h�o�l�e
�c�h�a�r�a�c�t�e�r�s� �t�o� �b�e� �o�u�t�p�u�t�.� �D�u�r�i�n�g� �t�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �t�i�m�i�n�g� �d�i�a�g�r�a�m� �d�i�s�p�l�a�y�s�,� �t�h�e� �t�i�m�e� �a�t� �w�h�i�c�h� �t�h�e� �f�i�r�s�t
�c�h�a�r�a�c�t�e�r� �c�o�l�u�m�n� �b�i�t�s� �a�r�e� �d�i�s�p�l�a�y�e�d� �m�a�y� �b�e� �c�h�a�n�g�e�d� �b�y� �m�a�n�i�p�u�l�a�t�i�o�n� �(�s�h�o�r�t� �c�y�c�l�i�n�g�)� �o�f� �t�h�e
�L�O�A�D�S�(�L�)� �s�i�g�n�a�l�.� �T�h�i�s� �e�f�f�e�c�t�i�v�e�l�y� �a�l�l�o�w�s� �o�n�l�y� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�r� �e�n�d� �c�o�l�u�m�n�s� �o�f� �d�a�t�a� �t�o� �b�e� �o�u�t�p�u�t�,
�t�h�e�r�e�b�y� �c�r�e�a�t�i�n�g� �p�a�r�t�i�a�l�l�y� �o�f�f�-�s�c�r�e�e�n� �c�h�a�r�a�c�t�e�r�s�.

�H�I�G�H�L�I�G�H�T� �A�N�D� �C�U�R�S�O�R� �L�A�T�C�H� �<�>
�T�h�i�s� �l�a�t�c�h�,� �A�1�1�U�2�2�0�,� �p�r�o�v�i�d�e�s� �a� �b�y�p�a�s�s� �a�r�o�u�n�d� �t�h�e� �C�h�a�r�a�c�t�e�r� �R�O�M� �f�o�r� �t�i�m�i�n�g� �d�i�a�g�r�a�m� �c�u�r�s�o�r
�h�i�g�h�l�i�g�h�t� �a�n�d� �c�u�r�s�o�r� �p�o�s�i�t�i�o�n� �d�a�t�a� �f�r�o�m� �t�h�e� �D�i�s�p�l�a�y� �R�A�M�.� �D�a�t�a� �t�o� �t�h�e� �T�i�m�i�n�g� �D�i�a�g�r�a�m� �R�O�M� �i�s� �u�s�e�d
�d�u�r�i�n�g� �t�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �t�i�m�i�n�g� �d�i�a�g�r�a�m� �d�i�s�p�l�a�y�s�.� �T�h�e� �l�o�w�e�r� �f�o�u�r� �b�i�t�s� �o�f� �t�h�e� �d�a�t�a� �w�o�r�d� �c�o�n�t�a�i�n
�h�i�g�h�l�i�g�h�t� �d�a�t�a�,� �w�h�i�l�e� �t�h�e� �u�p�p�e�r� �f�o�u�r� �b�i�t�s� �c�o�n�t�a�i�n� �c�u�r�s�o�r� �p�o�s�i�t�i�o�n� �d�a�t�a�.� �T�h�e� �R�O�M�(�L�)� �s�i�g�n�a�l� �e�n�a�b�l�e�s
�l�a�t�c�h� �A�1�1�U�2�2�0� �a�n�d� �d�i�s�a�b�l�e�s� �t�h�e� �C�h�a�r�a�c�t�e�r� �R�O�M� �w�h�e�n� �t�h�e� �N�A�N�D� �g�a�t�e� �A�1�1�U�4�1�0� �d�e�c�o�d�e�s� �a�n� �F�F
�c�o�n�d�i�t�i�o�n� �o�n� �t�h�e� �d�a�t�a� �b�u�s�.� �T�h�e� �d�a�t�a� �t�h�e�n� �p�a�s�s�e�s� �t�o� �t�h�e� �C�C�H� �P�a�r�a�l�l�e�l�-�t�o�-�S�e�r�i�a�l� �C�o�n�v�e�r�t�o�r�.

�G�L�I�T�C�H�/�T�I�M�I�N�G� �P�A�R�A�L�L�E�L�-�T�O�-�S�E�R�I�A�L� �C�O�N�V�E�R�T�O�R� �4
�T�h�e� �p�a�r�a�l�l�e�l� �d�a�t�a� �l�a�t�c�h� �A�1�1�U�3�1�0� �l�a�t�c�h�e�s� �t�h�e� �d�a�t�a� �o�n� �Y�0�-�Y�3� �a�s� �g�l�i�t�c�h� �d�a�t�a� �a�n�d� �Y�4�-�Y�7� �a�s� �t�i�m�i�n�g� �d�a�t�a�.
�T�h�i�s� �p�a�r�a�l�l�e�l� �d�a�t�a� �i�s� �c�o�n�v�e�r�t�e�d� �i�n�t�o� �t�w�o� �s�e�r�i�a�l� �s�t�r�e�a�m�s� �o�f� �d�a�t�a� �o�n� �t�h�e� �G�L�I�T�C�H�(�H�)� �a�n�d� �T�I�M�I�N�G�(�H�)� �s�i�g�-
�n�a�l� �l�i�n�e�s�.

�T�I�M�I�N�G� �D�I�A�G�R�A�M� �R�O�M� �A�N�D� �L�A�T�C�H� �d�>
�T�h�e� �T�i�m�i�n�g� �D�i�a�g�r�a�m� �R�O�M�,� �A�1�1�U�2�0�5�,� �u�s�e�s� �g�l�i�t�c�h� �a�n�d� �t�i�m�i�n�g� �s�e�r�i�a�l� �d�a�t�a� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �t�h�e
�r�a�s�t�e�r� �r�o�w� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �L�O�(�H�)�-�L�2�(�H�)� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �d�a�t�a� �t�o� �b�e� �o�u�t�p�u�t�.� �A�1�1�U�2�0�0� �l�a�t�c�h�e�s� �t�h�e� �s�e�-
�r�i�a�l� �d�a�t�a� �f�o�r� �t�h�e� �T�i�m�i�n�g� �D�i�a�g�r�a�m� �R�O�M�.� �T�h�e� �R�O�M� �o�u�t�p�u�t�s� �d�a�t�a� �t�h�a�t� �f�o�r�m�s� �t�i�m�i�n�g� �d�i�a�g�r�a�m� �r�i�s�i�n�g� �a�n�d
�f�a�l�l�i�n�g� �e�d�g�e�s�,� �t�o�p� �a�n�d� �b�o�t�t�o�m� �b�a�r�s�,� �a�n�d� �w�i�d�e� �r�i�s�i�n�g� �a�n�d� �f�a�l�l�i�n�g� �e�d�g�e�s� �(�f�o�r� �g�l�i�t�c�h�e�s�)�.� �T�i�c�k� �m�a�r�k�s� �a�r�e
�g�e�n�e�r�a�t�e�d� �w�h�e�n� �t�h�e� �G�A�T�E�(�L�)� �s�i�g�n�a�l� �b�l�a�n�k�s� �o�u�t� �t�h�e� �t�o�p� �a�n�d� �b�o�t�t�o�m� �b�a�r�s�,� �l�e�a�v�i�n�g� �o�n�l�y� �r�i�s�i�n�g� �a�n�d� �f�a�l�l�-
�i�n�g� �e�d�g�e�s�.

�C�U�R�S�O�R� �P�A�T�T�E�R�N� �G�E�N�E�R�A�T�O�R� �A�N�D� �R�E�G�I�S�T�E�R�S� �4

�T�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �t�h�r�e�e� �c�u�r�s�o�r� �p�a�t�t�e�r�n�s� �a�r�e� �l�a�t�c�h�e�d� �i�n� �t�h�e� �C�u�r�s�o�r� �P�a�t�t�e�r�n� �R�e�g�i�s�t�e�r�s� �A�1�1�U�2�6�0�D�,
�U�4�8�5�A�,� �a�n�d� �U�2�9�0�.� �T�h�e� �d�a�t�a� �o�n� �C�O�(�H�)�-�C�3�(�H�)� �p�r�o�v�i�d�e�s� �c�u�r�s�o�r� �p�h�y�s�i�c�a�l� �a�t�t�r�i�b�u�t�e� �i�n�f�o�r�m�a�t�i�o�n� �(�e�.�g�.�,� �a
�d�a�s�h�,� �d�o�t�-�d�a�s�h�,� �o�r� �s�o�l�i�d� �l�i�n�e� �c�u�r�s�o�r�)�.� �T�h�e� �C�4�(�H�)� �s�i�g�n�a�l� �p�r�o�v�i�d�e�s� �c�u�r�s�o�r� �p�o�s�i�t�i�o�n�i�n�g� �i�n�f�o�r�m�a�t�i�o�n�.� �T�h�e
�C�u�r�s�o�r� �P�a�t�t�e�r�n� �G�e�n�e�r�a�t�o�r�,� �A�1�1�U�3�8�5�,� �u�s�e�s� �t�h�e� �p�o�s�i�t�i�o�n� �i�n�f�o�r�m�a�t�i�o�n�,� �a�l�o�n�g� �w�i�t�h� �t�h�e� �r�a�s�t�e�r� �r�o�w
�i�n�f�o�r�m�a�t�i�o�n� �o�n� �R�O�(�H�)�-�R�3�(�H�)�,� �t�o� �f�o�r�m� �t�i�m�i�n�g� �d�i�a�g�r�a�m� �c�u�r�s�o�r�s�.
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�i�n�t�e�r�r�u�p�t�s� �t�h�e� �l�i�g�h�t� �b�e�a�m� �p�a�t�h�,� �a� �s�p�e�c�i�f�i�c� �s�o�f�t� �k�e�y� �i�s� �a�c�t�i�v�a�t�e�d�.

�T�h�e� �L�E�D�s� �o�u�t�p�u�t� �i�n�f�r�a�r�e�d� �l�i�g�h�t� �b�e�a�m�s� �a�s� �t�h�e�y� �a�r�e� �s�e�q�u�e�n�t�i�a�l�l�y� �s�c�a�n�n�e�d�.� �A� �p�h�o�t�o�t�r�a�n�s�i�s�t�o�r� �(�o�n�e

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�a�c�h� �L�E�D�)� �r�e�c�e�i�v�e�s� �t�h�e� �l�i�g�h�t� �b�e�a�m� �t�h�r�o�u�g�h� �a� �p�l�a�s�t�i�c� �l�i�g�h�t� �f�i�l�t�e�r� �t�h�a�t� �o�n�l�y� �p�a�s�s�e�s� �i�n�-

�f�r�a�r�e�d� �l�i�g�h�t�.� �A�s� �e�a�c�h� �P�T� �i�s� �s�e�q�u�e�n�t�i�a�l�l�y� �t�u�r�n�e�d� �o�n�,� �i�t� �o�u�t�p�u�t�s� �a� �p�u�l�s�e� �t�o� �t�h�e� �k�e�y�b�o�a�r�d�.� �T�h�e

�k�e�y�b�o�a�r�d ��s� �a�n�a�l�o�g� �m�u�l�t�i�p�l�e�x�e�r�,� �A�O�5�U�2�0�5�,� �s�e�q�u�e�n�t�i�a�l�l�y� �s�c�a�n�s� �t�h�e� �p�h�o�t�o�t�r�a�n�s�i�s�t�o�r�s� �a�n�d� �s�e�n�d�s� �t�h�i�s

�i�n�f�o�r�m�a�t�i�o�n� �a�s� �a� �s�e�r�i�a�l� �d�a�t�a� �s�t�r�e�a�m� �t�o� �t�h�e� �I�/�O� �P�r�o�c�e�s�s�o�r ��s� �s�o�f�t� �k�e�y� �c�i�r�c�u�i�t�r�y�.

�K�E�Y�B�O�A�R�D� �T�H�E�O�R�Y

�H�A�R�D� �K�E�Y�S� �>
�T�h�e� �h�a�r�d� �k�e�y�b�o�a�r�d� �h�o�l�d�s� �3�3� �f�r�o�n�t� �p�a�n�e�l� �p�u�s�h�-�b�u�t�t�o�n� �k�e�y�s�.� �T�h�e� �k�e�y�s� �(�g�r�o�u�p�e�d� �o�n� �t�h�e� �f�r�o�n�t� �p�a�n�e�l� �b�y

�f�u�n�c�t�i�o�n�,� �e�.�g�.�,� �E�X�E�C�U�T�E�,� �C�U�R�S�O�R�,� �o�r� �M�E�N�U�)� �a�r�e� �s�c�a�n�n�e�d� �b�y� �f�i�v�e� �c�o�l�u�m�n�-�a�d�d�r�e�s�s� �l�i�n�e�s� �f�r�o�m� �t�h�e

�b�u�f�f�e�r� �A�Q�5�U�1�3�5� �a�n�d� �e�i�g�h�t� �r�o�w� �d�a�t�a� �l�i�n�e�s�.� �T�h�e� �c�o�l�u�m�n� �a�d�d�r�e�s�s� �l�i�n�e�s� �A�O�-�A�4� �a�r�e� �s�e�q�u�e�n�t�i�a�l�l�y� �t�a�k�e�n� �t�o

�a� �l�o�w� �l�o�g�i�c� �l�e�v�e�l�.� �P�r�e�s�s�i�n�g� �a�n�y� �h�a�r�d� �k�e�y� �c�a�u�s�e�s� �t�h�e� �l�o�w� �t�o� �b�e� �c�o�u�p�l�e�d� �t�h�r�o�u�g�h� �t�o� �t�h�e� �K�e�y�b�o�a�r�d

�R�e�a�d�b�a�c�k� �r�e�g�i�s�t�e�r� �A�0�5�U�2�3�9�.

�K�E�Y�B�O�A�R�D� �R�E�A�D�B�A�C�K� �e�e
�T�h�e� �r�e�g�i�s�t�e�r� �A�0�5�U�2�3�9� �p�r�o�v�i�d�e�s� �a� �l�a�t�c�h� �f�o�r� �t�h�e� �l�o�g�i�c� �l�e�v�e�l�s� �p�r�e�s�e�n�t� �o�n� �e�i�g�h�t� �r�o�w�s� �o�f� �k�e�y�b�o�a�r�d� �k�e�y�s�.

�T�h�e� �I�/�O� �P�r�o�c�e�s�s�o�r� �r�e�a�d�s� �t�h�e� �s�t�a�t�u�s� �o�f� �l�i�n�e�s� �I�D�0�-�I�D�7� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�i�c�h� �f�r�o�n�t� �p�a�n�e�l� �k�e�y� �i�s� �p�r�e�s�s�e�d�.

�M�E�N�U� �K�E�Y� �L�E�D�S� �>
�T�h�e� �M�e�n�u� �K�e�y� �L�E�D�s� �i�n�d�i�c�a�t�e� �t�h�e� �c�u�r�r�e�n�t� �m�e�n�u� �t�h�e� �u�s�e�r� �h�a�s� �d�i�s�p�l�a�y�e�d�.� �T�h�e� �I�/�O� �P�r�o�c�e�s�s�o�r� �u�s�e�s� �k�e�y�-

�b�o�a�r�d� �r�e�a�d�b�a�c�k� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�i�c�h� �m�e�n�u�-�k�e�y� �L�E�D� �t�o� �i�l�l�u�m�i�n�a�t�e�.� �A� �l�o�w� �l�o�g�i�c� �l�e�v�e�l

�o�u�t�p�u�t� �b�y� �t�h�e� �I�/�O� �P�r�o�c�e�s�s�o�r� �o�n� �o�n�e� �o�f� �t�h�e� �I�D�O�-�I�D�5� �l�i�n�e�s� �i�s� �l�a�t�c�h�e�d� �b�y� �A�0�5�U�3�3�8�.� �T�h�e� �l�o�g�i�c� �l�o�w� �t�u�r�n�s

�o�n� �a� �m�e�n�u� �k�e�y� �L�E�D�.

�S�O�F�T� �K�E�Y� �L�E�D� �S�E�L�E�C�T�I�O�N� �<�2
�D�e�c�o�d�e�r� �A�0�5�U�5�2�9� �u�s�e�s� �c�o�n�t�r�o�l� �l�i�n�e�s� �C�O�(�H�)�-�C�2�(�H�)� �a�n�d� �t�h�e� �2�.�3� �K�H�z� �M�E�A�S�(�L�)� �s�i�g�n�a�l� �t�o� �p�r�o�d�u�c�e� �a

�0�.�4�3� �m�s�e�c�,� �o�n�e�-�h�a�l�f� �d�u�t�y�-�c�y�c�l�e� �s�a�m�p�l�e� �t�i�m�e� �o�n� �e�a�c�h� �Y�1�-�Y�7� �i�n�f�r�a�r�e�d� �L�E�D� �l�i�n�e�.� �E�a�c�h� �s�a�m�p�l�e

�s�e�q�u�e�n�t�i�a�l�l�y� �t�u�r�n�s� �o�n� �a� �s�o�f�t� �k�e�y� �L�E�D� �t�o� �b�e� �r�e�a�d� �b�y� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g� �p�h�o�t�o�t�r�a�n�s�i�s�t�o�r�.� �T�h�e� �s�e�v�e�n� �L�E�D

�s�a�m�p�l�e� �i�n�t�e�r�v�a�l�s� �p�l�u�s� �o�n�e� �f�a�l�s�e� �s�a�m�p�l�e� �(�i�n�d�u�c�e�d� �b�y� �A�1�1�U�2�0�5� �p�i�n� �4�)� �s�e�t� �t�h�e� �a�p�p�r�o�x�i�m�a�t�e� �4� �m�s�e�c� �t�o�-
�t�a�l� �s�c�a�n� �r�a�t�e�.



�T�h�e�o�r�y� �o�f� �O�p�e�r�a�t�i�o�n ��1�2�4�0� �S�e�r�v�i�c�e� �V�o�l�.� �|

�P�H�O�T�O�T�R�A�N�S�I�S�T�O�R� �6�0� �H�Z� �F�I�L�T�E�R�S� �A�N�D� �M�U�L�T�I�P�L�E�X�I�N�G� �>

�M�u�l�t�i�p�l�e�x�e�r� �A�O�5�U�2�0�5� �a�c�c�e�p�t�s� �t�h�e� �s�o�f�t�k�e�y� �L�E�D� �p�u�l�s�e�s� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �s�e�v�e�n� �L�E�D�/�P�h�o�t�o�t�r�a�n�s�i�s�t�o�r

�p�a�i�r�s� �o�n� �l�i�n�e�s� �X�1�(�H�)�-�X�7�(�H�)�.� �C�i�r�c�u�i�t�r�y� �o�n� �e�a�c�h� �o�f� �t�h�e� �X�1�-�X�7� �p�h�o�t�o�t�r�a�n�s�i�s�t�o�r� �l�i�n�e�s� �a�c�t�s� �a�s� �a� �6�0� �H�z

�h�i�g�h�-�p�a�s�s� �f�i�l�t�e�r�,� �n�e�c�e�s�s�a�r�y� �t�o� �p�r�e�v�e�n�t� �e�x�t�e�r�n�a�l� �l�i�g�h�t� �s�o�u�r�c�e�s� �f�r�o�m� �a�f�f�e�c�t�i�n�g� �t�h�e� �|�/�O� �P�r�o�c�e�s�s�o�r ��s� �S�o�f�t

�K�e�y� �C�i�r�c�u�i�t�r�y�.� �T�h�e� �m�u�l�t�i�p�l�e�x�e�d� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �T�R�A�N�(�H�)� �i�s� �u�s�e�d� �b�y� �t�h�e� �I�/�O� �P�r�o�c�e�s�s�o�r ��s� �S�o�f�t� �K�e�y� �C�i�r�-

�c�u�i�t�r�y� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�n� �a� �s�o�f�t� �k�e�y� �i�s� �a�c�t�i�v�a�t�e�d�.

�F�R�O�N�T� �P�A�N�E�L� �K�N�O�B� �<�2�>
�T�h�e� �i�n�f�i�n�i�t�e�-�t�u�r�n� �r�o�t�a�r�y� �e�n�c�o�d�e�r�,� �A�0�5�S�2�3�5�,� �o�u�t�p�u�t�s� �a� �t�w�o�-�b�i�t� �G�r�a�y� �c�o�d�e�.� �E�a�c�h� �b�i�t�,� �o�u�t�p�u�t� �o�n� �K�A�(�H�)

�a�n�d� �K�B�(�H�)�,� �p�r�o�d�u�c�e�s� �2�0�0� �p�u�l�s�e�s� �f�o�r� �e�v�e�r�y� �o�n�e� �K�n�o�b� �r�e�v�o�l�u�t�i�o�n�.� �T�h�e� �G�r�a�y� �c�o�d�e� �i�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e

�t�h�e� �a�m�o�u�n�t� �a�n�d� �d�i�r�e�c�t�i�o�n� �t�h�e� �k�n�o�b� �i�s� �t�u�r�n�e�d�.

�4�-�2�7



�8�e�-�7

�T�O� �D�I�S�P�L�A�Y�.
�D�I�S�P�L�A�Y� �F�R�O�N�T� �P�A�N�E�L�,

�:� �-� �C�O�M�M� �P�A�C�K�F�R�O�N�T� �P�A�N�E�L�,� �I�A�0�-�1�A�1�3
�C�O�M�M� �P�A�C�K
�A�D�D�R�E�S�S
�B�U�F�F�E�R�S�I�R�Q�(�L�)� �F�R�O�N�T� �I�N�T�C�(�H�)� �P�I�N�T�(�H�)� �V�L�A�T�C�H�(�H�)

�P�A�N�E�L� �S�O�F�T� �|� �_�t�4� �M�H�z�
 

�K�N�O�B� �C�I�R�C�U�I�T�R�Y�C�L�O�C�K� �C�I�R�C�U�I�T�R�Y� �I�N�T�E�R�R�R�U�P�T�|� �!�R�O�X�L�)
�Y�4�1�5� �|� �M�A�S�K� �T�O� �2�8�0

�R�O�M�S�2�8�0� �A�0�-�A�1�5� �C�P�U� �B�A�O�-�B�A�1�5� �U�1�6�0� �U�1�8�0� �N�D�O�-�N�D�7� �I�N�T�E�R�R�A�U�P�T
�I�W�A�I�T�(�L�)� �C�P�U� �U�1�6�5� �U�1�8�5�a� �n�e�n�n�a�l�n�e�e� �s�e� �W�A�I�T� �B�U�F�F�E�R�S� �1�7�5� �2� �R�E�G�I�S�T�E�R� �I�N�T�C�(�H�)� �P�I�N�T�(�H�)� �V�L�A�T�C�H�(�H�)�F�R�O�M� �C�I�R�C�U�I�T� �U�4�4�5� �t� �t� �|

�B�O�A�R�D�.� �P�E�N�D�I�N�G
�L�g�}� �I�N�T�E�R�R�U�P�T

�R�E�G�I�S�T�E�R�A�1�0�S�5�3�8

�e�n� �L�a�m�\� �(�R�O�W�E�R� �8� �|� �D�E�C�O�D�E� �R�A�M�S� �|� �N�D�O�-�N�D�7�a�s� �R�E�S�E�T� �U�1�4�5� �=� �P
�H�U�T�D�O� �U�1�5�0�S�H�U�T�D�O�W�N�(�(�L�)� �R�a�s�s

�F�R�O�M
�P�O�W�E�R

�B�O�A�R�D� �T�O�/�F�R�O�M�B�O�A�R�D

�C�O�N�T�R�O�L
�D�D�O�-�D�D�7� �D�I�R�E�C�T�I�O�N�A�L� �N�D�O�-�N�D�7� �C�O�N�P�-�I�/�O�P� �P�R�O�C�E�S�S�O�R

 � � ��e� �D�A�T�A� �B�U�F�F�E�R� �C�O�M�M�U�N�I�C�A�T�I�O�N� �~
�8� �C�I�R�C�U�I�T�R�Y� �C�D�0�-�C�D�?�7

�U�5�5�0

�T�O�/�F�R�O�M
�D�I�S�P�L�A�Y�,
�F�R�O�N�T� �P�A�N�E�L�'� �.�D�D�O�-�D�D�7� �F�R�O�N�T� �P�A�N�E�L�.� �I�D�O�-�I�D�7� �C�O�M�M� �P�A�C�K

�7� �C�O�M�M� �P�A�C�K� �a� �_
�8� �D�A�T�A� �B�U�F�F�E�R�S� �8� �t�o

�C�O�N�T�R�O�L
�I�R�S�T�(�H�)� �P�R�O�C�E�S�S�O�R

�4�3�4�2�-�2�5

�F�i�g�u�r�e� �4�-�1�2�.� �!�/�O� �P�r�o�c�e�s�s�o�r� �B�o�a�r�d� �f�u�n�c�t�i�o�n�a�l� �b�l�o�c�k� �d�i�a�g�r�a�m�.

�| ��1�O�A�8�D�1�I�A�I�9�S�O�F�Z�L ��U�O�H�e�I�a�d�O�J�o�A�l�o�a�y�u�L



�T�h�e�o�r�y� �o�f� �O�p�e�r�a�t�i�o�n ��1�2�4�0� �S�e�r�v�i�c�e� �V�o�l�.� �|

�I�/�O� �P�R�O�C�E�S�S�O�R� �B�O�A�R�D� �T�H�E�O�R�Y

�O�V�E�R�V�I�E�W

�T�h�e� �Z�8�0� �C�e�n�t�r�a�l� �P�r�o�c�e�s�s�i�n�g� �U�n�i�t� �(�C�P�U�)�,� �A�1�0�U�4�4�5�,� �i�s� �t�h�e� �c�o�n�t�r�o�l�l�i�n�g� �p�a�r�t� �o�f� �t�h�e� �I�/�O� �P�r�o�c�e�s�s�o�r

�B�o�a�r�d�.� �T�h�i�s� �m�i�c�r�o�p�r�o�c�e�s�s�o�r� �h�a�n�d�l�e�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �o�p�e�r�a�t�i�o�n�s�:

�¢� �C�O�M�M� �p�a�c�k� �c�o�m�m�u�n�i�c�a�t�i�o�n�s

�e� �f�r�o�n�t� �p�a�n�e�l� �(�h�a�r�d� �o�r� �s�o�f�t� �k�e�y�)� �c�o�m�m�u�n�i�c�a�t�i�o�n�s

�e� �d�i�s�p�l�a�y� �u�p�d�a�t�i�n�g

�¢� �i�n�s�t�r�u�m�e�n�t� �i�n�t�e�r�r�u�p�t�s

�C�P�U� �C�L�O�C�K� �A�>
�T�h�e� �c�r�y�s�t�a�l�,� �A�1�0�Y�4�1�5�,� �s�u�p�p�l�i�e�s� �a� �4� �M�H�z�,� �T�T�L�-�l�e�v�e�l� �c�l�o�c�k� �s�i�g�n�a�l� �t�o� �t�h�e� �Z�8�0�.� �P�u�l�l� �u�p� �t�r�a�n�s�i�s�t�o�r
�A�1�0�Q�3�2�8� �s�h�a�p�e�s� �t�h�e� �r�i�s�i�n�g� �e�d�g�e�,� �w�h�i�l�e� �A�1�0�U�2�2�5�D� �s�h�a�p�e�s� �t�h�e� �f�a�l�l�i�n�g� �e�d�g�e� �o�f� �t�h�e� �c�l�o�c�k�.� �T�h�e� �e�d�g�e�-

�s�h�a�p�i�n�g� �c�i�r�c�u�i�t�r�y� �f�o�r�m�s� �a� �f�a�s�t� �r�i�s�i�n�g� �a�n�d� �f�a�l�l�i�n�g� �e�d�g�e� �c�l�o�c�k� �s�i�g�n�a�l�.

�P�O�W�E�R� �U�P�/�D�O�W�N� �R�E�S�E�T� �<�>
�T�h�e� �P�o�w�e�r� �U�p�/�D�o�w�n� �R�e�s�e�t� �c�i�r�c�u�i�t�r�y� �p�r�o�v�i�d�e�s� �r�e�s�e�t� �s�i�g�n�a�l�s� �f�o�r� �b�o�t�h� �t�h�e� �I�/�O� �a�n�d� �C�o�n�t�r�o�l� �P�r�o�c�e�s�s�o�r�s�,

�a�n�d� �t�h�e� �C�O�M�M� �p�a�c�k�.� �O�n� �p�o�w�e�r�-�u�p�,� �t�h�e� �c�a�p�a�c�i�t�o�r� �A�1�0�C�4�3�4� �c�h�a�r�g�e�s� �s�l�o�w�l�y� �s�o� �t�h�a�t� �A�1�0�Q�4�2�6� �i�s

�t�u�r�n�e�d� �o�n� �w�i�t�h� �+�5� �v�o�l�t�s� �o�n� �t�h�e� �e�m�i�t�t�e�r�.� �T�h�i�s� �p�u�t�s� �c�u�r�r�e�n�t� �i�n�t�o� �t�h�e� �b�a�s�e� �o�f� �A�1�0�Q�4�2�4�,� �p�r�o�d�u�c�i�n�g� �a

�l�o�w� �t�o� �t�h�e� �Z�8�0� �a�t� �t�h�e� �R�E�S�E�T�(�L�)� �i�n�p�u�t�.� �O�n� �p�o�w�e�r�-�d�o�w�n�,� �t�h�e� �c�h�a�r�g�e�d� �c�a�p�a�c�i�t�o�r� �A�1�0�C�4�3�4�,� �c�o�m�b�i�n�e�d

�w�i�t�h� �t�h�e� �t�h�e� �d�e�c�r�e�a�s�i�n�g� �+�5� �v�o�l�t� �s�u�p�p�l�y� �o�n� �t�h�e� �b�a�s�e� �o�f� �A�1�0�Q�4�3�8�,� �t�u�r�n�s� �o�n� �Q�4�8�8�.� �T�h�i�s� �t�r�a�n�s�i�s�t�o�r

�n�o�w� �s�u�p�p�l�i�e�s� �t�h�e� �c�u�r�r�e�n�t� �t�o� �t�h�e� �b�a�s�e� �o�f� �A�1�0�Q�4�2�4�,� �p�r�o�d�u�c�i�n�g� �t�h�e� �R�E�S�E�T�(�L�)� �s�i�g�n�a�l�.

�A� �m�a�n�u�a�l� �r�e�s�e�t� �o�f� �t�h�e� �p�r�o�c�e�s�s�o�r�s� �m�a�y� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �w�i�t�h� �A�1�0�S�5�3�8�.� �P�r�e�s�s�i�n�g� �t�h�i�s� �r�e�s�e�t� �s�w�i�t�c�h

�(�l�o�c�a�t�e�d� �o�n� �t�h�e� �I�/�O� �P�r�o�c�e�s�s�o�r� �B�o�a�r�d�)� �d�i�s�c�h�a�r�g�e�s� �c�a�p�a�c�i�t�o�r� �A�1�0�C�4�3�4� �a�n�d� �t�u�r�n�s� �o�n� �A�1�0�Q�4�2�6�,

�e�f�f�e�c�t�i�v�e�l�y� �c�a�u�s�i�n�g� �a� �p�o�w�e�r�-�u�p� �r�e�s�e�t� �t�o� �o�c�c�u�r�.

�T�r�a�n�s�i�s�t�o�r� �A�1�0�Q�4�2�5� �i�n�v�e�r�t�s� �t�h�e� �R�E�S�E�T�(�L�)� �s�i�g�n�a�l�,� �p�r�o�d�u�c�i�n�g� �t�h�e� �a�c�t�i�v�e� �h�i�g�h� �r�e�s�e�t� �s�i�g�n�a�l� �I�R�S�T�(�H�)� �f�o�r

�t�h�e� �C�o�n�t�r�o�l� �P�r�o�c�e�s�s�o�r� �a�n�d� �t�h�e� �p�o�s�i�t�i�v�e� �f�e�e�d�b�a�c�k� �t�o� �t�h�e� �b�a�s�e� �o�f� �A�1�0�Q�4�2�4�.

�Z�8�0� �C�P�U� �A�N�D� �B�U�F�F�E�R�S� �>
�T�h�e� �Z�8�0� �C�P�U� �u�s�e�s� �b�u�f�f�e�r�s� �A�1�0�U�3�4�0�,� �U�3�4�5�,� �a�n�d� �U�3�5�0� �t�o� �h�e�l�p� �i�n� �d�r�i�v�i�n�g� �t�h�e� �a�d�d�r�e�s�s� �a�n�d� �c�o�n�t�r�o�l

�l�i�n�e�s� �t�o� �o�t�h�e�r� �c�i�r�c�u�i�t�s�.� �A�f�t�e�r� �b�u�f�f�e�r�i�n�g�,� �t�h�e�s�e� �s�i�g�n�a�l� �l�i�n�e�s� �a�r�e� �p�r�e�c�e�d�e�d� �b�y� �t�h�e� �l�e�t�t�e�r� �B� �t�o� �i�n�d�i�c�a�t�e� �t�h�e

�b�u�f�f�e�r�i�n�g� �a�c�t�i�o�n�.� �T�h�e� �f�u�n�c�t�i�o�n�s� �o�f� �t�h�e� �v�a�r�i�o�u�s� �m�i�c�r�o�p�r�o�c�e�s�s�o�r� �p�i�n�s� �a�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g

�m�i�c�r�o�p�r�o�c�e�s�s�o�r� �g�l�o�s�s�a�r�y�:

�A�d�d�r�e�s�s� �B�u�s�.� �T�h�e� �1�6�-�b�i�t� �a�d�d�r�e�s�s� �b�u�s� �p�r�o�v�i�d�e�s� �t�h�e� �a�d�d�r�e�s�s�e�s� �f�o�r� �m�e�m�o�r�y� �a�n�d� �I�/�O� �d�a�t�a� �t�r�a�n�s�f�e�r�s�.

�D�a�t�a� �B�u�s�.� �T�h�e� �8�-�b�i�t�,� �b�i�d�i�r�e�c�t�i�o�n�a�l� �d�a�t�a� �b�u�s� �i�s� �u�s�e�d� �f�o�r� �d�a�t�a� �t�r�a�n�s�f�e�r�s� �w�i�t�h� �m�e�m�o�r�y�,� �t�h�e� �C�o�n�t�r�o�l� �P�r�o�-

�c�e�s�s�o�r�,� �a�n�d� �a�n�y� �i�n�s�t�a�l�l�e�d� �C�O�M�M� �p�a�c�k�.

�M�1�(�L�)�.� �T�h�i�s� �o�u�t�p�u�t� �g�o�e�s� �a�c�t�i�v�e� �w�h�e�n� �t�h�e� �m�i�c�r�o�p�r�o�c�e�s�s�o�r� �i�s� �i�n� �t�h�e� �o�p�c�o�d�e� �f�e�t�c�h� �c�y�c�l�e� �o�f� �a�n

�i�n�s�t�r�u�c�t�i�o�n� �e�x�e�c�u�t�i�o�n�.

�4�-�2�9



�T�h�e�o�r�y� �o�f� �O�p�e�r�a�t�i�o�n ��1�2�4�0� �S�e�r�v�i�c�e� �V�o�l�.� �|
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�R�D�(�L�)�.� �T�h�i�s� �o�u�t�p�u�t� �g�o�e�s� �a�c�t�i�v�e� �w�h�e�n� �t�h�e� �m�i�c�r�o�p�r�o�c�e�s�s�o�r� �i�s� �r�e�a�d�y� �t�o� �r�e�c�e�i�v�e� �d�a�t�a� �o�n� �t�h�e
�b�i�d�i�r�e�c�t�i�o�n�a�l� �d�a�t�a� �b�u�s� �f�r�o�m� �t�h�e� �c�u�r�r�e�n�t�l�y� �a�d�d�r�e�s�s�e�d� �d�e�v�i�c�e�.

�W�R�(�L�)�.� �T�h�i�s� �o�u�t�p�u�t� �g�o�e�s� �a�c�t�i�v�e� �w�h�e�n� �t�h�e� �m�i�c�r�o�p�r�o�c�e�s�s�o�r� �i�s� �w�r�i�t�i�n�g� �d�a�t�a� �o�n� �t�h�e� �b�i�d�i�r�e�c�t�i�o�n�a�l� �d�a�t�a
�b�u�s� �t�o� �t�h�e� �c�u�r�r�e�n�t�l�y� �a�d�d�r�e�s�s�e�d� �d�e�v�i�c�e�.

�M�R�E�Q�(�L�)�.� �T�h�i�s� �o�u�t�p�u�t� �g�o�e�s� �a�c�t�i�v�e� �t�o� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �a�d�d�r�e�s�s� �b�u�s� �h�o�l�d�s� �a� �v�a�l�i�d� �a�d�d�r�e�s�s� �f�o�r� �a� �m�e�m�-
�o�r�y�-�r�e�a�d� �o�r� �m�e�m�o�r�y�-�w�r�i�t�e� �o�p�e�r�a�t�i�o�n�.

�W�A�I�T�(�L�)�.� �T�h�i�s� �i�n�p�u�t� �g�o�e�s� �a�c�t�i�v�e� �t�o� �s�i�g�n�a�l� �t�h�e� �m�i�c�r�o�p�r�o�c�e�s�o�r� �t�o� �c�o�n�t�i�n�u�e� �e�x�e�c�u�t�i�o�n� �o�f� �t�h�e� �c�u�r�r�e�n�t� �i�n�-
�s�t�r�u�c�t�i�o�n� �u�n�t�i�l� �t�h�e� �i�n�p�u�t� �i�s� �r�e�t�u�r�n�e�d� �i�n�a�c�t�i�v�e�.

�I�R�Q�(�L�)�.� �T�h�i�s� �i�n�p�u�t� �i�s� �m�a�d�e� �a�c�t�i�v�e� �t�o� �r�e�q�u�e�s�t� �a�n� �i�n�t�e�r�r�u�p�t� �t�o� �t�h�e� �m�i�c�r�o�p�r�o�c�e�s�s�o�r�.� �T�h�e� �r�e�q�u�e�s�t� �i�s� �h�o�n�-
�o�r�e�d� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n� �c�u�r�r�e�n�t�l�y� �b�e�i�n�g� �e�x�e�c�u�t�e�d�.� �P�o�s�s�i�b�l�e� �i�n�t�e�r�r�u�p�t� �s�o�u�r�c�e�s� �a�r�e�:� �C�O�M�M
�P�a�c�k�s� �-� �I�N�T�C�(�H�)�,� �C�o�n�t�r�o�l� �P�r�o�c�e�s�s�o�r� �-� �P�I�N�T�(�H�)�,� �a�n�d� �D�i�s�p�l�a�y� �B�o�a�r�d� �-� �V�L�A�T�C�H�(�h�)�.

�R�E�S�E�T�(�L�)�.� �T�h�i�s� �i�n�p�u�t� �i�s� �m�a�d�e� �a�c�t�i�v�e� �t�o� �f�o�r�c�e� �t�h�e� �m�i�c�r�o�p�r�o�c�e�s�s�o�r� �t�o� �r�e�-�i�n�i�t�i�a�l�i�z�e�.� �W�h�i�l�e� �R�E�S�E�T�(�L�)� �i�s
�a�c�t�i�v�e�,� �t�h�e� �a�d�d�r�e�s�s� �a�n�d� �d�a�t�a� �b�u�s�e�s� �g�o� �t�o� �a� �h�i�g�h�-�i�m�p�e�d�a�n�c�e� �s�t�a�t�e�,� �a�n�d� �a�l�l� �o�u�t�p�u�t� �c�o�n�t�r�o�l� �l�i�n�e�s� �g�o
�i�n�a�c�t�i�v�e�.

�W�A�I�T� �C�I�R�C�U�I�T� �<�>
�T�h�e� �W�a�i�t� �C�i�r�c�u�i�t� �h�a�s� �t�w�o� �f�u�n�c�t�i�o�n�s�.� �F�i�r�s�t�,� �t�h�e� �c�i�r�c�u�i�t� �a�d�d�s� �a� �w�a�i�t� �s�t�a�t�e� �t�o� �t�h�e� �Z�8�0� �M�1� �b�u�s� �c�y�c�l�e�,� �p�r�o�-
�v�i�d�i�n�g� �e�x�t�r�a� �t�i�m�e� �f�o�r� �a�c�c�e�s�s�i�n�g� �s�y�s�t�e�m� �R�O�M�s�.� �(�R�e�f�e�r� �t�o� �F�i�g�u�r�e� �4�-�1�3�.�)� �I�t� �d�o�e�s� �t�h�i�s� �b�y� �a�d�d�i�n�g� �o�n�e� �c�y�-
�c�l�e� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �e�x�e�c�u�t�i�o�n� �f�o�r� �e�a�c�h� �o�p�c�o�d�e� �f�e�t�c�h� �i�n�s�t�r�u�c�t�i�o�n� �c�y�c�l�e�.� �F�o�r� �e�v�e�r�y� �o�p�c�o�d�e� �f�e�t�c�h� �c�y�-
�c�l�e�,� �t�h�e� �Z�8�0 ��s� �M�1�(�L�)� �o�u�t�p�u�t� �g�o�e�s� �l�o�w�.� �A�1�0�U�2�3�0�B� �m�o�n�i�t�o�r�s� �t�h�i�s� �i�n�p�u�t� �a�n�d�,� �w�i�t�h� �i�t�s� �Q�(�L�)� �o�u�t�p�u�t
�c�o�m�b�i�n�e�d� �w�i�t�h� �A�1�0�U�2�3�0�A ��s� �Q� �o�u�t�p�u�t� �i�n� �A�1�0�U�2�2�5�C�,� �t�h�e� �W�A�I�T�(�L�)� �i�n�p�u�t� �t�o� �t�h�e� �Z�8�0� �i�s� �p�u�l�l�e�d� �l�o�w� �f�o�r
�o�n�e� �c�l�o�c�k� �c�y�c�l�e�.

�M�1� �C�Y�C�L�E

�T�1� �T�2� �T�W� �T�3� �4� �[�o

�c�l�o�c�k� �J� �\�_�J� �e�e�G�O� �e�y� �C�O� �W�y

�A�O�-�A�1�S� �L�K� �P�C� �X�_�_�R�E�F�R�E�S�H� �A�D�D�R�.� �1�X

�M�R�E�Q� �\� �f�\� �/

�R�D� �\� �/
�a�n�n

�D�B�0�O�-�D�B�7� �C�I�N�}

�M�O�N� �[

�W�A�I�T�  �� �y

�R�E�S�H� �\� �r

�4�3�4�2�-�2�6

�F�i�g�u�r�e� �4�-�1�3�.� �I�n�s�t�r�u�c�t�i�o�n� �o�p�c�o�d�e� �f�e�t�c�h� �w�i�t�h� �w�a�i�t� �s�t�a�t�e�s�.



�r�A�r�a�t�i� �A�w�=�n �p�) �*�. �r�y

�S�e�c�o�n�d�,� �t�h�e� �W�a�i�t� �C�i�r�c�u�i�t� �p�r�e�v�e�n�t�s� �t�h�e� �Z�8�0� �f�r�o�m� �a�c�c�e�s�s�i�n�g� �t�h�e� �d�i�s�p�l�a�y� �m�e�m�o�r�y� �w�h�i�l�e� �t�h�e� �D�i�s�p�l�a�y
�B�o�a�r�d� �i�s� �a�c�c�e�s�s�i�n�g� �i�t�.� �T�h�e� �I�W�A�I�T�(�L�)� �s�i�g�n�a�l� �f�r�o�m� �t�h�e� �D�i�s�p�l�a�y� �B�o�a�r�d� �t�e�l�l�s� �t�h�e� �Z�8�0� �t�o� �w�a�i�t� �u�n�t�i�l� �t�h�e
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