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This project has been accomplished as part of the U. S. Army (Manufacturing and Technology)

Program, which has as its objective the timely establishment of manufacturing processes ,

techniques or equipment to insure the efficient production of current or future defense
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ABSTRACT

This report covers the work performed on the AIME equipment task during the period
22 September - 31 December 1977. It presents a technical and physical description of the
Development Model equipment design and configuration. The work accomplished during the
quarter and the task schedule are also presented. Plans for the next quarter have been
developed and are outlined herein.
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PURPOSE

The purpose of this program is to establish a Manufacturing Method and Technology Program

(M M&T) in accordance with Step 1, paragraph 1.2.2.1 , of Electronics Command Industrial

Preparedness Procurement Requirements (ECIPPR) No. 15, dated August 1976, for an

Automatic In-Process Microcircuit Evaluator (AIME), which will establish techniques for

the automatic inspection of thick-film conductor lines on substrates and the elimination of

microscopes for visual pre-cap inspection of hybrid assemblies. The MM&T will include:

(1) System analysis to investigate hybrid image extraction techniques, illumination

techniques , and RBV operating modes so that the basis for the AIME configuration

can be established.

(2) Design of the AIME Demonstration Mode l , system software , and test program.

(3) Fabrication of the Demonstration Model Design. The system will contain all the

necessary elements required to acquire test data on the inspection of substrate and

hybrid assemblies to establish the basis for development of an AI ME Equipment

configuration and specifications for future procurement . The system elements will

perform the following functions :

• Contro l of the AIME system

• Test program generation

• Stimulus and measurement, as required.

The AIME system will be demonstrated using a specially designed test pattern

substrate and a typical hybrid assembly. Software will be developed to provide the
control and evaluation required for the inspection of the test patte rn substrate and
hybrid.

In addition , an English Language Test Document (E LTD) will be generated for the

inspection of the specially designed substrate and the hybrid assembly.

viii 
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(4) A data package for the Demonstration Mode l will be provided inc luding Test and
Demonstration Report, Instruction Manual , Engineering Drawings , equipment
specification , program listings , and E LTDs for the substrate and hybrid inspections.

Thi s MM&T program is the result of work done on the Automated Image Device
Evaluator (AIDE) Program , Contract DAABO5-74-C-2524 . The purpose of the
AIDE program was to provide the basis for automated inspection of second genera-
tion image intensifier tubes. This program will utilize AIDE hardware components
in the design and fabrication of the AIME Demonstratioi~ Model.

ix 
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SECTION 1

SYSTEM DESCRIPTION

1.1 TECHNI CA L DESCRI PTION

1.1.1 General

Background

The Automated In-Process Microcircuit Evaluation (AIME) System will provide the basis for

establishing test techniques for the automati c inspection of thick-film conductor-lines on

substrates, and eliminate the need of microscopes for visual pre-cap inspection of hybrid

assemblies.

The re are many points , during the manufacture of hybrid mic rocircui ts , at which some

degree of visual inspection is m ade. However , the re are specific major points at which

100% visual inspection is made. These inspection points are:

(1) After thick-film processing of the substrate is complete (before the start of

assembly) .

(2) Immedia tely before sealing the assembled hybrid package (pre -cap visual).

The re are additional significant points , du ring the thick-film processing of ceramic sub-

strates, whe re 100% continuous inspection would be very desirable , but the costs of manual

inspection are prohibitively high and the inspection process itself impedes the achievement

of desired throughput rates for printing, drying, and firing. A viable system of automatic

in-process inspection among the operations Involved in adding a thick-film layer to the

substrate lot , would greatly improve the yields and assure a more dependable end product.

1—1 
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Figure i-i shows a simplified process flow drawing for the manufacture of thick-fi lm

hybrids from the point of cleaning the black-alumina substrates to the point after assembly

where the hybrid circuit is hermetically sealed. This process flow drawing is arranged

to highlight those visual inspection points located in three major areas of the process

sequence.

At process point 1A , immediately afte r printing, a rejected substrate can readily be

washed off with a suitable solvent. If the flaw was caused by a problem in the printing

process (such as a clogged screen) , corrective measures could be taken before too many of

the bad prints were made .

At the drying or baking process point, 1B, certain trapped particles, such as lint and dust ,

could be detected. If flaws are detected at this point , the dried material can be removed

from the substrate (more vigorous cleaning is required). Again, as in the case of the

substrates with set ink , the plates are recovered and the value added to the substrates in

earlier steps is not lost.

Inspection at point 1C occurs after each successive printed laye r is fi red. The value of

picking up faul ts at this point is to avoid any further labor on a defecti ve substrate , take

cor rective action as appropri ate on any possible out of control process and perform any

acceptable, cost-effective rework to the rejected substrates.

Inspection point 2 on the process flow drawing, identifies the last action to be performed

on a substrate before forwarding it to the assembly operations where chip parts are attached

and where semiconductors are connected by wiring bands to the substrate metalization.

As previously mentioned , this is a 100% inspection point. Automatic inspection on an

in-process basis should make this pro-assembly inspection far less important . An

interactive insoection system would provide the operator with the ability to identify marginal

situations . Afte r electronically zoom ing in on the area of interest the display on a large

sc reen video monitor would allow the operator to inspect the suspicious area in detail.

1—2
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At process inspection point 3 (pro-cap visual inspection) a 100% inspection is also routinely

made of the completed hybrid assembly. At this inspection point the inspection system

could be preprogrammed to a disciplined sequence of displayed substrate areas to make

sure that the visual inspection is thorough and looks closely at any specific area , that is

particularly vulnerable to flaws in the manufacture.

System Components

I
Figure 1-2 is a simplified block diagram of the AIME Demonstration Model. The basic

4 components of the system are :

(1) Control/Display Station

• Computer and Peripherals

• Video Processor and i/O Control

• RBV Electronics, Power Supply and Time-Base Corrector

• Video-Disc Recorder/Reproducer

• Video Monitor

• Illumination Power Supplies

(2) Inspection Station

• RBV Camera Head with Lens

• Illum inators (Lamps)

• UIJT Holding Fixture

• Optical Table with the Structure/Shroud Assembly

• Air Conditioner Unit

The legend, in Figure 1-2 , identifies those items which are under computer control and/or
manual control. Further, the legend also shows which of the components are to be built
(new designs), purchased (modifications as necessary) , and GFE (modified as necessary).
All GFE items are removed from the ~IDE system (Contract DAABO5-74-C-2524).

1-4 
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Operation

The following is a general description of a typical substrate inspection process performed by

the AIME system. The UUT is placed in the holding fixture and aibsequently illuminated ,

projecting the UUT image on the RBV face. The AIME Control selects and positions the

RBV scan, via the RBV electronics , to the desired UUT image area to be viewed. The RBV

output is a video signal which is directed to the RBV electronics and then to the video

processor. A pre-recorded image of the same UUT area is obtained from the video disc-

recorder and directed to the video processor.

The video processor performs two functions. First , the difference between the RBV video

signal and the video disc-recorde r signal output is taken, digitized and fed into the core

memory of the AIME system computer. Second , the processor takes the same difference

video signal and combines it with the RBV video signal which is then displayed on the color

video monitor.

The combination of the difference and RBV video signals is such that the RBV output appears

as a black and white image on the monitor. The difference video is directed to the Red and

Green gun-driver circuits. Thus, if the RBV image is wider than the recorded image the

green color-gun output will be increased resulting in a highlighting of the greater than

normal UUT area. A similar result is obtained if the UUT image is narrower than the

recorded image, except now the red color-gun output is increased.

When the inspection is complete the AIME control repositions the RBV beam scan to the

next UUT area to be inspected, and repeats the above process until the UUT inspection is

completed.

The hybrid-assembly inspection is similar to that described above for the substrate

inspection, except that the video disc-recorder is not used and the color highlighting of an

out-of-tolerance area is not gene rated.

1—6
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1. 1.2 Control/Display Station

The major elements of the Control/Display Station are shown in Figure 1-1. One of the
two major functions performed by this station Is control of the AIME operating modes.

This control is maintained by the computer and associated peripherals. Table 1-1 contains
these items.

The remaining elements of the Control/Display station are associated with the RBV and
Video Processor. Among these items are certain units which are purchased from selected
vendors. These items include the video disc-recorder, time-base corrector, color video

monitor, and illumination power supplies. These items are also in Table 1-1.

The two methods of controlling the AIME system are with the computer and associated
interface (CPU control) and (LOCAL Control) with controls located on the front panels
of the RBV electronics chassis, the video processor chassis, and the video.-disc recorder.

When the AIME system is being controlled by the front panel controls , the computer doe s
not influence the system operation.

With CPU control four basic operating modes are possible:

• Manual Sequence and Evaluation

• Semi-Automatic Inspection

• Automatic inspection (Demonstration System)

• Program Gene ration.

• All aspects of each of these operating modes are controlled via operator inputs from the
display/keyboard.



Table 1-1. Control/Display Station Elements

Device Model Features

Computer ECUPSE 64K words, memory alloca-
Data General tion and protection (MA P) ,
(DG) 700 nsec memory cycle

Disc Subsystem 6045 10 megabyte storage,
(DG) removable disc-pack unit

Display/Keyboard 6053A Detachable keyboard, 96
(DG) ASCII character set, 5 x 7

dot matrix, 1920 character
storage, user-defined keys

Printer Dasher 60 cps, 40 character buffer
6041A (DG) memory

Video Disc Recorder EFS-1A 400 frame storage,
ARVIN-ECHO variable frame step-rate,

remote control

Time Base Corrector 5020 Will correct greater than
CVS 2 ~ sec of jitte r to better

than lO nsec

Color Video Monitor 5411R819 High resolution color
Conrac monitor

Illumination Power Supplies 6329 Stabilized power supply for
Oriel Quartz Halogen Illuminators

1—8
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1. 1.3 Inspection Station

The AIME project proposal contained a preliminary concept for the Inspection Station. A

structure consisting of aluminum framing material would be used to support the RBV camera

assembly. The aluminum f rame material is readily available in standard sizes and thus

provides an economic as well as rigid support for the RBV camera. The shroud consists of

aluminum plates attached to the structure assembly. The shroud material will contribute

to the overall rigidity. The Inspection Station is illustrated in Figure 1-5.

Further analysis indicated, however, that the structure/shroud would have insufficient

rigidity to maintain the 0.0005 inch orthogolity between the camera and holding fixture.

A more rigid camera support has been designed using bolted aluminum plates. The camera

support, which is similar in appearance to a microscope mount, will be fastened directly

to the optical table surface. In additi on to providing more rigidity for the camera , the

camera support provides a convenient mounting structure for both illuminators and mirrors.

A thi rd illuminator, located on the optical table , has been provided to produce a back lighting

mode. Ught from this illuminator will be folded 90° by locating a mirror beneath the
holding fixtu re (see Figure 1-5) . Since scattered light from the illuminator or mirror
incident on the front surface would decrease contrast , a bellows will be used to completely

enclose the light path between the illuminator and holding fixture.

Incident illumination remains essentially unchanged from that in the AIME proposal . That
is, the two illuminators are located 180° apart and the slightly defocused filament is imaged
on the hybrid. Illumination angle established by the Illumination Analysis (Appendix 2) for
both illuminators remains approxImately 20°. In order to uniformly illuminate the 2” x 2”
hybrid with the defocused filament image , the illuminators must be located 20 inches from
holding fixture. Since the iliuminators are located 1800 apart , the inspection station
became four feet wide. To reduce the overall station width, both illuminators are now
m ounted parallel to the RBV camera and adjustable mirrors are used to fold their beams.
The outside dimensions for the shroud are now approxi mately 26” wide x 28” deep x 36” high.

. ~~~
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It was determined that vibrations generated by the illuminator cooling motors would cause

RBV camera imaging difficulties. The refore, the motors will be disconnected and exte rnal

cooling air from the AIDE air conditioner will be ducted to each of the three illuminators.

Air from the illuminators will be exhausted directly into the shroud , thereby creating a

slight positive pressure inside the shroud. This positive pressure will preclude dust inside

the shroud.

Modifications to the vacuum holding fixture will be made to facilitate back lighting. And ,

since the back lighting mirror is located directly under the holding fixture, no change will

be required for the x, y, z and 0 hybrid holding fixture positioning units.

1.1.4 AIME Software

The AIME System Software will consist of Data General Real-Time-Disc-Operating System
(RDOS) , the Command- Line-Interpreter (CU) , the A IME-Run-Time System, and various
utility programs.

Real-Time-Disc-Operating System (RDOSJ and CU

RDOS is a comprehensive and flexible operating system normally used with disc-based
NOVA systems. RDOS provides a comprehensive file system that gives the user a simple
command language to edit , compile , execute, debug, assemble , same , and delete files.
File protection is provided by a number of system-defined fi le attributes. All peripheral
devices are names and treated as fi les, providing device independence by device name.
RDOS provides an I/O facility with buffered and spooled operations. The operating system
allocates unused core storage for dynamic system buffe rs and overlays.

The Command Line Interpreter (CU) is a dynamic Interface to RDOS via the console and
translates the input as commands to the operating system. The System restores the CLI to
core whenever the system is idle - afte r Ini tialization, after a disk bootstrap, afte r the
execution of a program, etc. The CLI indicates that it is in control by inputting a ready
message “R” followed by a carriage return.

1—10
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Run-Time System

General

The AIME Run-Time System (ARTS) will perform the functions of program generation, and

test execution. It will be written in high level language (ALGOL) utilizing structured

programming techniques to obtain modularization for ease of maintenance and understanding.

Assembly language modules shall be minimized and used only where necessary for speed
or special purpose programming such as required in image processing. Use will be made

of existing software modules from the AIDE System when applicable. The ARTS will operate
unde r RDOS Rev 6.

The highest level software module will function as arA interpreter which can be utilized

in an on—line mode , or execute a previously generated test sequence.

Program generation will be accomplished either on-line or off-line. On-line program

generation will allow the user to try various setups for X-Y position , zoom , illumination, etc.
When a specific test setup is decided upon, the system software will remember , on operator
command, the exact setup and will place the test setup in sequence with respect to other
tests. Off-line programming will be accomplished by writing a legal sequence of inter-
preter commands and data. Upon execution of a program , any illegal commands or missing
data will result in error messages being displayed to the user.

The result of eithe r off-line or on-line program generation will be a source file listing,
comprised of interpreter commands and data. This test program sequence will be readily
modifiable , through the use of a text edit program similar to the one used on the EQUATE
AN/USM-410 system.

Actual testing will be initiated by typing in the command ‘TEST ’ on the CU. If TEST/A
‘NAME ’ is entered, the test sequence in the file ‘NAME ’ will be executed in the automatic
mode. If TEST/S ‘NAME ’ is entered, the test sequence will be executed in the semi-automatic
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mode. Where ‘TEST’ is not followed by ‘NAME ’, the system will be in the manual mode
and will respond to and execute specific interpreter commands typed on the terminal.

( 
Structure

Figure 1-3 shows the basic structure of the system control elements of the system software.
The key elements are as follows:

• Input

- via keyboard (manual mode)

- existing test program (auto and semi-auto modes)

• Interpreter

- interprets input command
- checks for required data
- calls appropriate software module

• Error Message Module

- displays error message for improper command or data

• Software driver modules

- one module for each major function

- DISPLAY

- PRINT

- XY POSITION
- UUT ALIGNMENT
- ILLUMINATION
- ZOOM CONTROL
- VIDEO RECORDE R ACCE SS

- RBV CONTROL

- IMAGE PROC ESSING

- PASS/FAI L DETERMINATI ON

1—12 
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I

- TEST PROG RAM GENERA TION
- ETC

- returns to interpreter upon completion

• Common Data Storage

- one ‘external’ module
- accessible by all modules

- stores current status of system hardware

• Keyboard Task

- distinguishes between control keys and other inputs
- allows direct control of hardware via keyboard
- activates test program generation module with a ‘TESTGEN’ key

Test Program Generation

The test program generator will be used to create autom atic and semi-automatic test
programs for substrates and pre-cap hybrids respectively. To create a test program , the
operator enters the command TEST. This will activate the system and enable the use r to
manipulate the system from the keyboard. When a suitable image is seen on the monitor
(i.e., proper illumination, position, zoom, etc.) the operator pushes a ‘TESTGEN’ keyboard

button which results in the following system actions:

(1) Interrogation of all system status registers and storage of the current setup data

for the Image,

(2) Indexing and storage of the image on the video disc-recorder,

(3) The generation of a set of commands and related setup data, which when executcd
at a later date will result in the exact same setup conditions.
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Depending on whether the generated test program is to run in the automatic or semi-

automatic mode , the proper command for computer image processing/computer decision

or operator inspection/operator decision will be added. The user will then proceed by

using the various commands to set up further images and repeating the process above,

until a suitable number of reference images have been obtained. The test program genera-

tion process will then be ended when the HALT button is pressed. This will add a pass/fail

decision command to the end of the test program. The resultant test program can be

printed out at any time for reference or permanent record .

1.2 PHYSICAL DESCRI PTION

Figure 1-4 shows the physical layout of the AIME system. The re are basically two major

units of the AIME demonstration system:

• Control/Display Station

• Inspection Station

1.2. 1 Control/Display Station

The Control/Display Station consists of two racks , which contain all the control and
processing electronics in addition to the video monitor unit , a separate table on which is
the display/keyboard unit , and a stand alone character printer.

Both racks are 78” high, 25-1/2” deep, and accommodate standard 19” wide panels. The
right hand unit has a pull-out wri ting surface located just below the video m onitor . Also ,

in this rack are the power supply units for the RBV and illuminators. The AIME power
distribution and RBV electronics chassis complete the right rack assembly.

The lef t rack consists of the computer and disc , video recorder and time-base corrector ,
as well as the I/O-Inte rface/Video Processor chaasis. Both racks contain their own
blower assemblies for cooling. The racks will be connected together to form a single unit.
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There will not be a center panel separating the two racks. Elimination of this panel will

allow easier inter-rack wiring.

1.2.2 Inspection Station

The Inspection Station illustrated in Figure 1-5, contains the vertically mounted RBV, three
illuminators and hybrid holding fixture. Because of the rigidity required, the Inspection

Station structure will be fabricated from extruded aluminum sections and cove red with
sheet metal. A 3’ x 4’ honeycomb optical table is used as the working surface or base for

the RBV and shroud.

Cooling air for the RBV and illuminators is provided by the AIDE GFE air conditioner. To
reduce vibrations, the air conditioning unit is located remote from the inspection station

and its output is ducted through flexible hoses. The small vacuum pump is mounted on top
of the air conditioning unit and provides a 25 liter per minute vacuum for the holding fixture .

The holding fixture provides fou r degrees of freedom , a vacuum holding capability, and
precise three point locating pins as shown in Figure 1-6. Three translation stages are
used to produce x, y, and z positioning. Angular positioning is ootalned by fastening the
orthogonally mounted translation stages on a plate , which is attached to the angular , 0 ,
adjustment stage. A thumb screw is provided to secure thi s adjustment . Three guide pins
provide a repeatable reference on the stainless steel reference plate. The reference plate

is located on the mirror holder assembly. This assembly houses the mirror which is used

for back-illumination. There Is also a cut-out section in the reference plate. This cut-out
is large enough to implement the back-illumination as well as accepting a special holding
unit for smaller than 2” x 2” hybrid or substrate assemblies.

The optical table is fabricated from a very strong, light weight , all metal honeycomb
structure with a precision ground stainless steel top surface. An array of 1/4-20 tapped
holes on two inch centers allows the stable mounting of bolted accessories.
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Three illuminators are mounted inside the shroud and on the structure. Two of the
illurninators are mounted to the left and right of the RBV assembly. The third Illuminator is
mounted behind the RBV.

The light from the illuminators will be projected on the UUT via three mirrors. By this
method, there will be two illuminators for Illuminating the top of the UUT and the remaining
iUuminator will be used for back-illumination.
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SECTION 2

CONCLUSIONS

2.1 PROGRAM PROGRESS

2.1.1 GFE Inspection

During the month of November an inspection of the AIDE system took place. All AIDE com-

ponents were identified. Further, the RBV camera and associated electronics were powered.
Satisfactory performance was demonstrated by observing a detail image with the RBV camera
chain.

2.1.2 Analyses

During the first quarte r of the AIME program several analyses were performed to aid in

establishing the baseline for a demonstration system. These analyses include:

(1) A hybrid fault analysis to establish the characteristics of the faults to be investi-

gated by the AIME demonstration system.

(2) An illumination analysis to determine the illumination requirements for the AIME

demonstration system.

(3) An investigation into other possible inspection techniques using other than an RBV
scanning system.

Finally, the AIME demonstration system baseline was established and a detailed block
diagram of the system was generated.

2—1
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This part of the AIME First Quarterly Report presents the conclusions of each of these

analyses as well as providing the original narratives in the Appendix of this report.

2.1.2. 1 Hybrid Fault Analysis

The complete text of the hybrid fault analysis is provided in Appendix 1. This report

discusses each of the faults to be generated and the controlling methods to be used. The

method of fault generation is discussed as well as the distribution of each class of fault.

The AIME substrate pattern is shown in Figure 2-1. One substrate pattern will be generated

for each fault. Faults will be generated by two methods: printing screens and manually

induced.

Cracks in substrates will not be generated on the AIME substrate patte rn. Substrates with

cracks from the RCA, Burlington hybrid faci lity will be used to investigate the detection of

cracks in the manual hybrid pro-cap inspection mode.

2. 1.2.2 Illumination Analysis

The illumination requirements for the demonstration AIME system have been established.

The requirements were based on a study of different types of illumination and the effects on

the resulting contrast between gold conductor lines and film resistors , and the ceramic

substrate. The positioning of the illumination sources was established. The complete

Illumination Analysis is included In Appendix 2.

The conclusion of the analysis is as follows:

(1) A Quartz-Halogen (color temperature of 3000° K) has been selected

(2) Three Illumination source units will be used as follows:

• Two units positioned to Illuminate the conductor or top side of the UUT

• One unit to illuminate the non-conductor or back of the UUT

2—2
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(3) The angle of incidence of the top illuminators will be 20°

(4) The lamp housing will provide a mounting for spectral filters if necessary to

obtain better contrast.

It should be noted that , although a back illuminator is being provided, its usage could be

constrained by the fact that some substrates have a gold-platinum metalization over the

entire back surface. The pattern over the back is , typically , a series of squares or

rectangles. This pattern along with the substrate, greatly attenuate the total transmitted

light as well as introduce a “modulation” on the transmitted light. The back illuminator is

being provided as an investigative tool.

In addi tion to the above conclusions , the report also compares the spectral response of the

RBV (the same RBV used on the AIDE program ) with the standard photopic response for

human vision. Both these responses correspond closely, such that it can be concluded that

the RBV “sees” what the human eye sees.

2.1.2.3 AIME System Baseline

In establishing the AIME baseline of the demonstration system, a block diagram was

generated (see Appendix 4). A simplified diagram is provided in Figure 2-2. Two signal

paths are illustrated in this figure :

• The video signals from the RBV camera and the video disc recorder

• The horizontal and vertical sync signal lines and system control lines

The block diagram shows a local control panel with control lines to the RBV electronics,

video processor and I/O electronics. A centralized control panel , as such, does not exist.

The Local Control Panel is shown to illustrate the use of the Local Control Mode. When

the system is placed in this mode the computer is removed as the controlling element and

instead , a series of controls are substituted to provide manual control of the AIME

2-4
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demonstration system elements. This control mode is intended to be used during system

integration and periodic calibration/maintenance. Local controls are provided on the

front panels of the RBV electronics and video processor assemblies. Further , the video

disc recorder has its own front panel controls.

2.1.2.4 Alternate Hybrid Inspection Techniques

An investigation into possible alternate hybrid inspection techniqt~ s was undertaken and is

included in Appendix 3 of this report. The one possible method suggested is a lasar

diffe rential line scanner (LD LS). This ire thod is presently being used to inspect trans-

pa rent objects which have a repetitive matrix of patte rns (such as masks or SOS wafers) .

A reflective light system could be configured, but several disadvantages would exist. These

disadvantages are contained in the report.

2. 1.3 Hardware Design

This section reports on progress with the design of the AI ME demonstration hardware,

during the first quarte r of the contract. The areas reported on include the following:

(1) Control/Display Station - electrical and mechanical design
(2) Inspection Station - mechanical design

(3) Software

2.  1 . 3 .  1 Contrç~/Display Station

Computer/Peripherals

The computer/peripheral configuration was finalized. Table 2-1 contains the selected
devices and some of their main features.
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Table 2-1. AIM E Computer/Peripherals
Vendor: Data General Corporation

Device Model Features

Computer ECLIPSE 64K words , memory allocation
S/130 and protection (MAP) , 700 nsec

memory cycle

Disc Subsystem 6045 10 megabyte storage , removable
disc-pack unit

Display/Keyboard 6053A Detachable keyboard , 96 ASCII
character set , 5 x 7 dot matrix,
1920 character storage, user-
defined keys

Printer Dasher 60 cps , 40 cha racter buffe r
6041A memory

The computer selected for the AIME demonstration system is different from that in the

proposal. The two computers considered were the Data General Nova 3/D (proposed) and

the Data General Eclipse S/130 (selected). The Eclipse computer was selected for two

reasons. First , the Eclipse S/130 has a class of instructions which enable simple r and

faster BYTE and BIT manipulations of a digital word . These manipulations will be required

by the algorithms used in the image processing. Second , the S/130 also has a fas ter

memory cycle time (700 usec versus 1000 nsec for the NOVA 3/D) . The faster cycle

time will minimize the time required to manipulate tiE data fi le (256K bits or 16K words)

needed to represent the RBV image.

The peripherals selected are standard Data General units which are compatible with the

selected run-time syste m, RDOS.

Control Panel

The proposed AIME demonstration system included a control panel used to operate the

system in a manual mode . This was eliminated in favor of a stored utility program which

2— 7 
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would execute operator commands vIa the dIsplay/keyboard interface. This approach will

eliminate the design/integration of additional hardware to implement AIME control functions,

which are already available as software drivers.

Computer Inte rface

The computer interface design was started during this qua rter. This interface will provide

the primary link between the computer and the other test system elements. Digital control

words are outputted to the system element to be set up. The following are examples of

the type of control required:

(1) RBV and associated electronics

• Beam centering and focus

• Target and control grid voltages

(2) Video Recorder/Reproducer

• Frame selection

• Record/p layback modes

• Monitor selector (camera or playback)

(3) Illumination Control

(4) Video Processor

• Display selection

• High-speed memory transfe r controller

In addition to these controls , the I/O electronics has circuitry to Input digitized video
data into the computer core memory via a high speed DMA (Direct Memory Access) channel.
The data rate of the DMA channel will be in excess of 750K words/second .

2—8
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Powe r Distribu tion

The power distribution for the AIME demonstration system has been started. The power

distribution encompasses both the Control/Display and Inspection Stations. The AIDE power

panel will be modified and implemented in the AIME demonstration system.

Rack Configuration

The rack configuration has been finalized. Instead of reworking the AIDE system rack and

buying another rack , two new racks will be bought and wired. A cost tradeoff showed this

approach to be the most cost effe ctive , while also preserving the bulk of the AIDE system

Control Station.

2. 1. 3.2 Inspection Station

The Inspection Station design has been started. The re are five major items which comprise

the Inspection Station:

• RBV camera mount

• Mounting for the illumination sources

• UUT (substrate and hybrid) holding fixture

• Shroud

• Optical Bench

The layouts for these items have been sta rted and 60% of all the optical and mechanical items

have been ordered. These include the optical bench, holding-fixture translation stages, and

the vacuum pump.

Particular attention is being paid to seve ral aspects influencing the final layout. These are
the following :

2— 9



(1) The orthogonality of the RBV camera mount with respect to the optical table

(2) The placement of the illumination sources

(3) Establishing a holding-fixture concept which results in a simple but flexible

unit.

The holding-fixture will allow four degrees of freedom: X, Y, Z and 0. Figure 2-3 is a

sketch of the holding fixtu re.

2. 1.4 Software Design

This quarter has been spent on defining the overall system softw a re concept. The Run-Time

system software modules have been defined to obtain a minimal, modula r , and efficien t

system.

Software design was limited to the initializer module of the ARTS . The function of this

module is to open the data channels to the video display, line printe r , ke vbo:ird , and UUT

program. This module also displays the AIME format on the vide o te rminal , attaches the

system interrupts , and provides a real-time task for control of the keyboa rd.

2.2 OTHER CON C LUSIONS

Seve ral othe r tasks we re completed du ring the first quarter of the AIME program which

will contribute to the success of the AIME program.

Image Processing

Two methods of image processing are envisioned for the AIME system. The first method

involves a detailed analysis of the UUT , determining the type of fault. This is the same

type of image processing which was envisioned in the original AIM E Program Proposal.

2—10
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The second method of image processing is an attempt to speed up the evaluation process

and is thus called the “quick look”. Basically, the “quick look” analysis involves comparing

a previously stored mask with the digitized RBV difference data. The mask is generated

from a known good substrate and represents an acceptable or normal tole rance range for

that image. The video image data , generated by the test system of the substrate (UUT)

under inspection, is compared with this nusk. If the UUT is good , all the incoming dat a

will be ignored by the image processing algorithm. If any of the incoming data falls

outside the mask area , the UUT is defective. The UUT may be taken aside for analysis by

the detailed image processor.

System Cycle Time

System Cycle Time was analyzed for the various operating modes of the AIME system.

Data processing time , video-recorder access time, and RBV operation time are the major

components of the total time cycle. This cycle time study will be completed during the

second quarter of the A1ME program.

Video Recorde r

An investigation into available standard video-disc units was made and resulted in the

selection of a 525 TVL unit made by Arvin-Echo, model EFS-1A. Because of the critical

timing required between the video-disc recorder and the RBV video output when comparing

video signals on a line-by-line basis , a time-base corrector must be used with the video-disc

recorder to stablize the recorder output with respect to some common timing element. As

such , the time-base corrector will be used to generate the h~rizonta1 and vertical

synchronization signals. 



I

SECTION 3

PROG RAM FOR THE NEXT INTE RVA L

3.1 DE SIGN RE VIEW

A design review will be conducted during the month of January. At that time the complete

AIME Demonstration System baseline will be presented. Included in this presentation
will be:

(1) The physical layout

(2) Definition of the control and operating modes

(3) The system software

(4) The electro-optical elements

(5) The inspection station

(6) A presentation of the substrate fault analysis

~7) A demonstration of an RBV system.

3.2 HARDWA RE DESIGN

During the next quarter designs will have been completed in the following areas:

• Control/Display Station

• Inspection Station

• Substrates with “Standard” Faults

-~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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3 • 2 • 1 Control/Display Station

RBV Electronics

All designs of the RBV electronics will be completed. The major areas of design are :

• Horizontal and vertical deflection circuits

• Implementation of the time-base corrector as the horizontal and vertical sync

generator

• RBV electrode control circuits

Video Processor

The major design efforts for the video processor are the video difference circuits and the
video-monitor input selector circuits.

Computer Inte rface

The computer inte rface will be completed. This interface involves the digital circuitry

between the computer and the test system elements. There are three major areas of
this design:

• General I/O computer data transfers

• High-speed DMA (Direct Memory Access) input data transfers

• Video Disc recorder interface design.

Power Control Panel

The AIDE Power Control Panel will be modified for the AIME system.

3—2
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Purchase Items

All long lead items will be ordered. These items include:

• Video Monitor

• Video Disc Recorder

3. 2.2 Inspection Station

Design of the Inspection Station will be completed. The major items are:

• RBV Holding-Fixture

• UUT Sample Holding-Fixture

• Structure/Shroud

• Illuminator Mounting

3.2.3 Hybrid Samples

The design and layout of the substrate samples will be comple ted. Appendix 1 contains
the Hybrid Fault Analysis, which illustrates the substrate patterns and the faults to be
simulated.

3.3 SOFTWARE DESIGN

Next quarter, the run-time system, excluding the image processing module, will be
designed, coded, and partially validated. The run-time system contains the driver modules
for controlling the AIME demonstration system hardware as well as providing the overall
control and sequence of operations required to perform the Al ME demonstration system
modes of operation. Included in these modes of operation is a special sequence of
ope rations , which will result in the automatic generation of a UUT test program. The
Test Program Generator will allow a test-station operator to create a UUT test-program by
simple interactive operations on the Display/Keyboard Inte rface.

3—3



_ _ _  - —-~~- 

SE CTION 4

PU BLICATION AND REPORTS

4.1 PUBLICATIONS

Two (2) reports were prepared and submitted during this period.

Report Contract Reference Date Author

Monthly Status Report No. 1 CLIN 0004/Cool 1 November 1977 J. M. Laskey
Monthly Status Report No. 2 CLIN 0004/Cool 8 December 1977 J. M. Laskey

4.2 CONFE RENCES

A Post-Award Conference was held at RCA , Burlington, Massachusetts on 25 October 1977

with ECOM , DCASMA, and RCA personnel in attendance.
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SE CTION 5

KEY PE RSONNE L

5.1 ASSIGNMENT

Key personnel from management, engineering and manufacturing, who contributed to the
AIME program during this period are listed in Table 5-1. Each individual was selected
because of the proven skills and background he brings to this program. Paragraph 5.2
provides biographical information on each assigned individual.

5.2 RESUMES OF KEY PERSONNE L

J.M. LASKEY - Manage r, Project Management

Mr. Laskey received his BS degree in Electrical Engineering from Carnegie-Mellon
University, Pittsburgh , Pennsylvania in 1955 and a Master of Science in Engineering
Management from Northeastern University, Boston, Massachusetts in 1968.

In 1955, Mr. Laskey joined RCA, and was initially responsible for the design and deve lop-
ment of a variety of electronic test systems utilized for depot and field test of U. S. Air
Force radar systems. Automatic test equipment technology matured during this period,
and he was part of the team that established RCA’s present ATE product line.

In 1962 this ATE organization was transferred from Camden , New Jersey to Burlington,
Massachusetts. Between 1962 and 1965, Mr. Laskey served as Project Engineer at

Burlington, fo r the USAMICOM Automatic Missile Test System.
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From 1965 to 1971 Mr. Laskey h~id a major role in the LCSS management team. As

Senior Project Engineer, he was responsible for the initial production program , and the

establishment and operation of a world-wide field support team for LCSS systems. Key

elements of this program involved production and world-wide deployment of LCSS, the

Army’s first automatic field support system, to meet critical missile deployment dates.

In 1971, Mr. Laskey was a key member of the team responsible for deve loping the EQUATE

test system, the first third-generation ATE. During the period of 1972 to 1976 , M r. Laskey
was responsible for managing the extension of automatic test technology into support of

non-electronic systems.

In 1976 , Mr. Laskey was the program manager responsible for development of the U. S.
Army ’s ATE standard high-orde r language, OPA L Currently , M r. Laskey is the program
manager for the ECOM MM&T Automatic In-Process Microcircui t Evaluation Program.

Mr. Laskey is a senior member of the IEEE.

R. J. WI LDENBE RGER - Manage r, AT&MS Engineering

Mr. Wildenbe rger joined RCA in June 1959 , and attended the University of Pennsylvania on
the graduate study program. He worked as a junior engineer on Data Link Test sets for
two years , and was then transferred to the Automatic Test Equipment Section whe re he was
assigned to the design of high speed analog to digital converte rs. He assisted in the design
and integration of AC , DC, and resistance measurements section of the Signal Corps
Digital Evaluation Equipment , Automatic Programming and Test Set, and Ordinance Digital
Evaluation Equipment. On the Multisystem Test Equipment program , he was assigned
overall design responsibility for the analog measurements section. He was then assigned
to the Lunar Module program with ove rall design responsibility for the Descent Engine
Cont rol Assembly Special Test Equipment , followed by overall hardware design responsibility
for the Lrvl Communications Test Station.
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As a design leader, he was responsible for the design of the VHF Ranging Test Assembly

for the LM Communications Ground Support Equipment, Developmental Test Equipment for

the IG LOO WHITE program , the Reliability Test Set on the AN/TSW-.93 program , and the

development of special testing instrumentation techniques for Internal Combustion Engines.

For four years he was responsible for AN/TSM-93 weapon systems test design for TOW

and Shillelagh systems plus LCSS R&D programs. He has also served as the electrical

manager responsible for the AEGIS ORTS system.

Mr. Wildenberger received his BSEE from Bucknell University in 1959 and his MSE (EE)

f rom the Unive rsity of Pennsylvania in 1966. He is a member of Tau Beta Pi and P1 Mu

Epsilon.

L ARLA N - Manager, Engineering Design

Mr . Arlan received his BEE degree from Clarkson College of Technology in 1954 and his

MS degree in Electrical Engineering from Drexel Institute of Technology in 1961.

Since joinin g RCA in 1954, Mr. Arlan has been continuously involved in the design and

development of television cameras and display systems for milita ry and space applications.

His assignments have included: missile-borne television, cooled IR vidicon camera

systems, design of key sections of the Ranger lunar landing television, development of

elect~o—optical test systems for IR guided missiles , design activity on the classified Red

Flame II sensor system , and project engineer assignments on a numbe r of low light level

te levision cameras for passive or passive/active operation with CaAs illuminators.

Furthe r , in 1972 Mr. Arlan designed and delivered to the Air Force a special camera for

high sensitivity , point source detection.

Mr. Arlan is a member of Tau Beta Pt , Eta Kappa Nu , RESA and he has received several

RCA team and individual awards for outstanding technical accomplishments. He has

published an article entitled “Infrared Fiber Optics ’ and has presented two IRI S papers,

“The IR Vidicon as a Sensor for Lung Range High Temperature Targets ” and “Evaluation of

a Vidlcon Airbo rne Reconnaissance System ”.
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J. J. KLEIN - Manager, Engineering Design

Mr. Klein received his BS and MS degrees in Electrical Engineering from Northeastern

University in 1949 and 1955 respectively. He was assistant professor in Electrical

Engineering from 1949 to 1956 at Northeastern University and has been lecturing continually
in the Evening School since 1955.

M r. Klein joined RCA in June 1956 and became a leader of an advanced circuit design
group, which concentrated heavily in lightweight, solid-state, integrated and conventional
type circuits for aerospace applications. Past assignments have included the design of
multisensor scan-converter displays for high perform ance tactical aircraft , surveillance
television systems, Laser Altimeter for Moon Mapping Camera , and the design of light-
weight , highly reliable , and highly efficient power supplies for the Lunar Module radar ,
transponde r, and attitude control equipments.

During the past few years , Mr. Klein has been projec t engineer responsible for the design
and build of High Resolution Ai rborne TV Camera Systems utilizing the 4-1/2” Return Beam
Vidicon as a sensor for two major Air Force funded programs.

During the past year , he has m anaged a group specializing in the design of Low Light
Level TV Came ras , Precision E/O Tracke rs , Space Surveillance and Detection Systems .
and High Resolution Camera Systems.

M r. Klein is a member of the Tau Beta Pt , Eta Kappa Nu, and the Society for Information
Display.

K. E. GHOSTLAW - Manage r, Project Design

M r. Ghostlaw joined RCA in 1965 as a senior mechanical engineer on the Land Combat
Support System ( LCSS) program. Engineering responsibilities included the design, docu-
mentation, and factory follow of shelter mounted automatic test equipments including

5—5

___--

~ 

----~~~~~~~~~- -

-

.—_— - -  ~- -- -~



~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

clect ro-optics , power distribution , and UUT test accessories. Project responsibilities

included interface with U. S. Army Missile Command for drawing acceptance , coordi nating

equipment sell off and monitoring implementation of technical directives.

Mr. Ghostlaw has been a Project Design Manage r for ATE program s at RCA since 197:~.

His mechanical engineering efforts on ATE systems include design, follow and sell off of

AN/TSM-93 LCSS, PDR AGE , EQUATE and NAFI (AN/USM-410 and AN/USM-407) hardware.

Mr. Ghostlaw was responsible for the AN/USM-4 10 van installation, including design of

equipment mountings and the environmental control system.

He is currently responsible for design of AEGIS ORTS ship mounted equipment including

a test and monitor console , and da ta terminal. From 1958 to 1965 , Mr. Ghostlaw was

associated with Sylvania Electronic Systems where he had experience in production and

design engineering activities. He was also assigned to configuration management for

Minuteman ground electronics system.

Mr. Ghostlaw received his BSME degree from Tufts University in 1958 and has taken

advanced mechanical engineering courses at Northeastern University.

R. B. MARK - Senior E ngineering Scientist

Mr. Ma rk received a BS degree in Aeronautical Engineering and BSEE and an MS in

Instrumentation from MIT in 1946, 1954 and 1960 respectively.

Since joining RCA in 1956 , Mr. Mark has been engaged in dynamic analysis and simulation

of interceptor fire contro l systems, synthesis of equations for ECM simulation , analysis

of ballistic missile range determination from angle measurements, system design of an

ultrasonic height sensor , a study of a short range missile guidance autopilot system , and

analysis of instrumentation and computer errors in “strapped down ” inertial guidance

systems. He has been responsible for design of a redundant gyro and servo system for a
spaceborne radar antenna , fo r a developmental ine rtial navigation system , and for
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gimballed camer :~ st.ib ih.~.t t io n svstt~ms for helicopter fire control , night surveillance ,

high resolution day light survcil lan ce , and classified applications.

On the ECI IPA A N / U X r )— 1 program , he was responsible for analysis of the photometric

and MTF perform ance of the systt~m , inclu ding focal plane shutte r , image motion , lens,

focus , and aerodynamic effects , and for pe rformance specification of the vibration isolation

and image motion compensation subsystems.

He has published papers on keyed demodulators , a shipboard wave height sensor and an

optical filter temperature controller.

M .J .  CANTE LLA - Senior Epgineering Scientist

Mr . Cantella received his BSE E from the Rensselae r Polytechnic Institute in 1954 and his

MSEE from the Massachusetts Institu te of Technology in 1959.

At present , Mr. Cantella is a member of the Radiation Program s Management Office ,

responsible for developing new electro-optics systems for surveillance and real-time

information acquisition, transmission, retrieval , and recording.

His experience since joining RCA in 1959 , includes system analysis , technique development ,

and equipment design for various radar and electro-optical systems. He made major con--

tributions to the conception and design of an Optical Surveillance Subsystem for USC in the

detection of space objects. He developed special modes of operating image tube s and v~ ~s

Project Engineer in RCA ’s deve lopment of an ultra high resolution return beam vidicon

and storage tube . He was responsible for the development and feasibility demonstration ~~t th~

firs t Laser Targe t Designation System. As the Advanced Sensors Group Leader , he applied

imaging and laser devices to systems for high resolution reconnaissance , low light leve l

viewing, optical surveillance , electro-optics counte r-measures , target tracking, and

weapon control.

5— 7
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From 1954 to 1957 he served with the U. S. Navy as Ele ctronics Office r aboard aircraft

carriers and was responsible for all on-board radar , communications , display, and aircraft

landing control equi pments. From 1957 to 1959 he was employed by MIT Lincoln Laboratory

and worked on the MIT Research Staff . His experience here included the design of tran-

sistorized circuits for a high-speed digital computer , and the design and instrumentation

of high vacuum apparatus for display , storage , level selector, high power , and television

pick-up tubes.

Mr. Cantella is the author of several technical papers, has contributed to text books on

electro-optics , has lectured at the University of Rhode Island and the University of Arizona,

and is a member of Tau Beta Pt , Eta Kappa Nu , Sigma Xi , and the Society of Photo-Optical

Instrumentation Engineers. He has made several patent disclosures and holds three U. S.

patents.

P. R. MING HELLA - Senior Project Member

Mr. Minghella received his BSME from Lowell Technological Institute in 1960 and has

taken graduate courses at Northeastern University.

Since joining RCA in March 1965 , his responsibilities have included the mechanical design

of the Ma verick electro-optical seeker head. This camera is unique in that it mates with

fiber  optics and lens , a defle ction intensifier , photo multiplier and vidicon. He designed

the off aid s detector and mirror assembly. This unit is a precision , motor driven

mechanism which positions a mirror , relative to a vidicon and detector array , repeatedly

and with extreme accuracies within 0. 000030 inch .

He was responsible for design of the LCSS optical alignment fixtu res for the TOW , Shillelagh ,

Dragon and Lance electro-optical guidance systems. A major accomplishment was the

design of the positioning table which provided motor driven angular offsets from a collimated

source with four arc second accuracy.
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Mr . Minghella was responsible for the mechanical design and development of the Automated

Image Device Evalua tor. Using a high resolution RBV camera , this electro- optical sys—

tern measures a number of performanc e characteristic s of image intensifier tubes . All

focusing and positioning of optical components is done remotely or automatically inside a

light tight , air suspension optical bench structure. He is presently responsible for the

mechanical design of the Az—EL head , a tripod mounted goniometer , for the U. S. Army.

It consist s of a laser rangefinder having the capability of measuring azimuth and elevation

angles within one millirad ian .

M. W. STEWICH - Senior Member

Mr. Stewich received his BS in Engineering Physic s from the Universi ty of Maine in 1960.

He joined RCA in that year , and participated in an investigation of missi le  infrared plua c

characteristics.

From 196 1 to 1963 , he served as maintenance officer and shop officer with an Army

Ordnance forward support unit.

Since 1963 , he has been active in applying imaging sensors and television techniques to

special purpose detection , surveillance , and information handling systems. His experi-

ence includes the analytic and laboratory evaluation of imaging devices , the development

of techniques for special imaging sensor functions , the system application of these tech-

niques , and system performance evaluation and analysis.

in particular , he was associated with the Laser Target Designator System (LTDS) program

from concept through the flight testing of experimental hardware. His contribution to

Project Night l ife includ ed electro— optical design , human factors measurements , and sys-

tem analysis , integration , and test. On PAVEFIRE , he provid ed system analysis , design ,

and evaluation , lie has participated in several stud y and measurements programs , includ-

ing HAVEDAGGE R , Advanc ed Sensors Support and the E/O Parametric Stud y in which he

served as project engineer during the latter phases of the program. He has been involved
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in the application of ultra high resolution camera tubes to aerial reconnaissance , and the
application of television equipment and techniques to non—digital information storage and
retrieval on the Tactical Information Processing and Interpretation (TIPI ) stud y program.
Mr . Stewich has been active as a principal investigator in IR and D and company- sponsored
programs , and has prepared several RCA technical r~~ort s on image tube analysis , evalu-
ation , and applications. His recent work in this area has been with silicon pickup and

silicon storage tube technology.

He is a member of RESA , Sigma Pi Sigma , and has one patent currently pending.

B.T .  JOYC E - Senior Engineering Scientist

Mr . Joyce gradua ted from the University of Maine in 1948 with a BS degree in Eng ineering
Ph ysics. He received his MS from the Massachusetts Institute of Technology 1950.

Initial employment was with the Electronics Corporation of America where until 1955 he
designed and developed specialized test equipment for infrared photoconductors and other

photosensitive devices used in military systems. He also designed and developed aircraft
fire and explosion detec tion and suppression equi pment using lead— sulphide photoconductors

as sensing elements .

Upon joining RCA in 1955 , Mr.  Joyce specialized in a transistor circuit design for a

va riety of applications. Appointed manager in 1959 , he became responsible for supervis-

ing design and development activities on a series of government and RCA sponsored
program involving computer equipment and automatic test systems.

Since January 1971 , given responsibility for the engineering of thi ck—fi lm , hybrid micro—

electronic circuits , he has been directly involved in the product design , process develop—

m ent , manufac ture , and evaluation of hyb rid microcircuit s for the Navy AEGIS program ,
Army automa tic test equipmen t program s , NASA space programs , and special company
product development programs for hybrid microcircults.
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ln 1976 he presen ted a paper at ECOM’s Symposium on Hybrid Microelectronics , entitled
“Trad e—off Considerations in Contrasting Hybrid Applications” , directly addressed toward
six d ifferent hybrid s used in Army equipment.

T.J. DUDZIAK- Member

Mr. Dudziak received his BSEE from Lowell Technological Institute in Jun e 1973 , and his

MSEE in June 1976 from the University of Lowell. As an undergr aduate , Mr. Dudziak

designed pulse position demodulator circuits for the purposes of recovering electro-

cardiogram information from remote VHF transmitters. He was Chief Engineer of the

Institution ’ s FM Stereo Broadcast Facility , and participated in its original design and

construction.

Mr. Dudziak joined RCA in June 1973 as an Associate Member of an Automatic test

enginering group partici pating in research on engine exhaust gas analysis. He later was

assigned to the ATE/ICE program where he participat ed in the redesign of signal cond i-

tioning hard ware , specified and implemented programmable diagnostic unit improvements ,

and provided hardware support to the design and development of diagnostic software.

He was responsible for the design of a data—bus receiver/driver card on the AEGIS

program. His responsibilities also includ ed supporting the testing of an analog buffer

hybrid .

As a member of a redesign team for the EQUATE , AN /USM-4 10 , P1U (Programmable

Interface Unit) he was responsible for the PIU Programming and Buffer assemblies. He

also designed a high- speed Analog buffer and a hybrid assembly used for high impedance

measurements.

Mr. Dudziak has designed several diagnostic test programs utilizing the ATLAS program-

ming language on the AN/USM—4 10. These programs supported the TACFIRE system and

the AN/ARN-89A Automatic Direction Finder.
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Mr .  [)ud z i tk — member  of t he I F F I . II’ I I a f i rs t—class  radio-telephone license ,

and h .i in F o g  i r a  -(  in— Trar nir -~ I I F r  cer t i f i c  at a ri .

E.~~ . k F rLEH - Semot ‘ - - i  V

Mr. K ct l  r received h i -  I~~~~t ~ M - ~F F I t g r e t ” . in 1965 and 1966 respectively from

Cornell t’ n iv er ~ t t v .

He joined HCA in i 9 i ; r ;  and w t ~- s - r g r i e d  to the c i rcui t  design group on the LCSS program.

Subsequently, he w~t~ r — .~-. ig r i t ~ I to the Lunar Module Program where he conducted several

studies on stabilization and control al the LM radar. From 1967 to 1969 , he was engaged

in Low Light Level Television (LLLTV) design which incl uded the design of the Project

Red Flame TV electronics , and systems studies on Image Motion Stabilization for LLLTV .

In 1969, he joined the TRIM program where he developed video circuits , synchronization

electronics , and other TV circuits. Mr . Ketler was also responsible for TRIM factory

follow and qualification testing .

In 1971 Mr. Ketler transferred to the Automatic Testing and Monitoring System group at

Burlington , where he was responsible for product improvement of LCSS Automatic Test

Equipment , Next he pursued several assignment s in electrical— optical Test Equipment

Design. From 1972 to 1974 Mr . Ketler was the project engineer for the design , develop-
ment and integration of the Automat ed Image Device Evaluator (AIDE) which is a computer

based electro— optics tester utilizing a Return Beam Vidicon (RBV) sensor. Mr . Ketler ’ s
most recent assignment has been AN/USM-410 Automatic Test Equipment integration and

acceptance test responsibilities.

Mr. Ketler is a member of IEEE , Eta Kappa Nu , Tau Beta Pi , and Phi Kappa Phi. He is

also nearing completion of an MS degree in Computer Science.

5—12



M. F. KRAYEWSKY - Member , Technical Staff

Mr. Krayewsky graduated from Northeastern University in 1974 with a BS degree in
Elec trical Engineering. He has completed numerous graduate courses at Lowell Univer-
sity and Northeastern University in computer science.

Mr . Krayewsky joined RC A in 1974 and was assigned to the Automatic Test and Monitoring
Systems. His initial responsibilities were to design two test programs for an audio and
I. F. module from the AN /ARC—11 5 Transceiver. He was then involved in the system
integration of EQUATE’ s (AN /USM ) 2 , 3 and 4.

In 1975 he designed and validated the system software for the Automated Image Device
Evaluator (AIDE) , an electric al—optical test equipment design utilizing a return beam
vidicon .

Mr.  Krayewsky again designed several test programs for support of equipment from the
CEFLY , CANCE R , TACFI RE and MULTE WS systems. He was then involved in a six
month study to explore the use of infrared scanning for the purpose of fault isolation
testing on printed circuit boards.

5—13

_ _ _ _ _ _



APPEND IX 1

HYBRID FAULT ANALY SIS

A-i

L _ _ _ _  _ _  __ -.-

~~~~~

.-

~~ 

_ _



INTERNAL CORRESPONDENCE

January 19 , 1978

TO: Distribution

FROM : B. T. Joyce

SUBJECT : Defects Analysis

This report results from a review of typ ical cond uctor faul ts in hybri d
thick—film substrates that result from normal printing , probing and

work—in—process handling in general. The report specifically addresses
the requirements of the contract to demonstrate automatic inspect ion of
good and deliberately faulted substrates.

1. Demonstration Substrates

Table 1 del ineates the substra tes tha t w ill be fa br ica ted for use in
AIME. Each of the 10—image substrates that will be produced for this
purpose w ill take the general form shown in F igure 1. The pattern
shown is not the final design but represents the basic plan for a
design c~ ntaining one conductor layer and one resistor layer. In the
f ina l  ~csign , each of the 10 images on the 2 inch x 2 inch substrate
will contain lines with the different widths and different spacing
designated around the border in the figure . The basic types of
patterns will be similar to one another, differing only as the con-
ductor densities differ. There will be right-hand and left-hand sym-
metry to each of the ten patterns. This approach will allow a fault
to be placed in each half of the same substrate at topographically
similar locations. One fault will be designed to simulate a “spec-limit”

condition and the other fault , to simulate a more typical condition.

There are two groups of demonstration substrates necessary to show

AIM E equi~*uent performance at two critical in-process substrate irispec-
tion points: 1) after printing and drying of the gold conductor layer

and 2) after firing the gold layer and printing , drying and firing the
resistor layer that uses 1)0K ohm/square ink. The demonstration points
in the processing are depicted in Figure 2 by the inspection triangles

with  double lines. Note that no automatic inspection is planned when

the inks are wet ev~ ri though such an inspection will be very desirable
for production versions o~ AII~E type equi~~ ent . After all , this is

the inspect ion ;-~~ nt that can be most effective in identifying an out-
of—co n t r l ~r~ cess and for m i t  l a t i n g  immediate  cor rec t ive  a c t i o n .
But ~‘wet”  ink ~~~~~ ct~~ - n dr~n c n st r a t i o n s  are imprac t i ca l  on t h i s  program
simply becdJse ct t h e log i s ’ ics of handling in conjunction with on—going
ha rdware/rot  t~ are debugging . 

~~~~ -~~~~~~~~~~~~~~~~~~~
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Defects Analys is  Page 2.

The two inspection points that will be dem~ r istrated are mea ni ng fu l  points
in a real production flow . Corrective action can be taken on printed
substrates rejected after drying before f i r i n g : and the f ina l substrate
inspection is routinely performed normal ly  on a 100% basis before moving
the substrates on to the next level of assembly where chip parts are
added .

2. Substrate Faults

2.1 Substrate Cracks

Table I identifies all faults and fault combinations delineated in the
Statement of Work except for substrate  cracks . In general substra te
crack wid ths f a l l  below the 0.5 mil resolution of the demonstration
system. To develop the hardware necessary to automatically detect
cracks would expend time and money beyond the scope of this effort.

In addition substrates rarely stay cracked during substrate printing ,
drying and firing . They break! The potential for cracking during
assembly is less rare , therefore although no automatic inspection will

be attempted on cracked substrates , ma nual inspection in the pre-cap

hybrid mode wil l  be assessed using specimens of AS produc ts know n to
have substrate cracks .

2.2 Basic Methods for Simu lating Substrate Faults

2.2.1 Designed Faults in Screens (Masks)

The following faults identified in Table 1 can reasonably be simulated

by appropriate modification of the basic layout of the 10—image pattern:

Lot No. 2 Opens (Voids)
3 Shor ts a nd Whiskers
4 No Pri nt
5 Narrow Conductor
6 Wide Conductor
10 Combination (as applicable for above faults)

2.2.2 Manually Induced Faults

The following faults identified in Table 1 can be simulated realistically

only by ma nual faulting of pr inted substra tes:

Lot No. 7 Scratches
9 Smeared Lines

10 Combination (as appl icable f or ma nually induced faul ts)

Lot No. 8 for mislocated lines is a special case in which the faults will
be produced by deliberate ly misaliqning the substrate by known amounts
during the printing operations .

- 
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2.2.3 Distr ibut ion of Faul ts

The 10 different images defined by Figure 1 can be divided into two
basic groups : a fine-line group and a medium-line group. For some
of the fault types it will be useful to take advantage of similarities
between the two groups to derive more information from the test samples.

For example , all patterns with 4-niil lines can have identical void
patterns introduced on the conductors , bu t the des igned faul t can be
located differently on each of the patterns. Thus the local region
around the fault will present a different video picture to the system

even though the faults are the same . Similarly, all patterns with
4—sill spaces between conductors can have identical short circuits

introduced at different locations on the patterns.

2.3 Detailed Fault Descriptions

The follow ing para gra phs describe the faults th~.t are planned for the

demonstration substrates.

2.3.1 Open Conductors (Voids)

Open conductors (or voids) typically occur during the printing process
because of a plugged screen caused by lint or drying ink . Voids will be

designed into the layout itself so that faults of lot no. 2 can be
produced in a controlled manner. Figure 3 illustrates the design of
conductor voids. Note that in addition to a limit type fault , three

sizes of typical faults are planned , one of which is illustrated. The

other two faults wil]. close the gap between conductors to 1/2 and 1/3

the separation shown . Tentatively the designed faults will be distributed

as follows among the 10 patterns in accordance with the general thinking
outlined in para . 2.2.3.

Fine Line Pa t t e rns :

Pattern No.

1 Faults on lcng horizontal line : Limit and typical size 1

2 Faul ts on long vertical lines : Limit and typical size 1

3 Faults on short horizontal line : Limit and typica l size 2

4 Fau l t s  on short ver t ica l  lines: Limit and typical size 2

9 Faults on vertical lines: Typical size 2 and typical .~ize 3

10 Faults on horizontal  l ines: Typ ical size 2 and typical size 3
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Medi um Line Patterns

Pat tern No.

5 Faul ts  on long hor izonta l  line : Limit  and typ ical size 1

6 Faul ts  on long ver t ical  line : Limit  and typ ical size 1

7 Faul ts  on short hor izontal  line : Limit  and typical size 3

8 Faults  on long vertical line : Limit and typical size 3

2.3.2 No-Print of Selected Conductors

“No-pr in t”  condi t ions  make open conductors as deadly to a hybrid c i rcui t
as the voids discussed in 2 .3 . 1 .  But the causes of no—print  cc s~ itions
are d i f f e r e n t . If the p r in te r  has not been set up properly or gets out
of ad jus tment, defec t ive  pr int ing occurs.  But even wi th  proper ad ju s tmen t
of equipnent , a l ine or lines can mispr in t  because of a poor subs t ra te  -
one wi th  excessive camber. A “no-pr int” , in f ac t , quite o f t en  leaves
behind some line indication with mesh marks.

Figure 4 shows the planned design for faults due to missing printed
conductor in va ry ing  degrees. At the top of the f i g u r e  is drawn a
“Limi t  f a u l t ”  tha t  in e f f e c t  s imula tes  a condi t ion where c o n t i n u i t y  s t i l l
remains in the conductor at the two edges of the designed l ine.  But then
le3s and less m a t e r i a l  is le f t  behind  in the typ ical f a u l t s  s imula ted  below
the limit fault.

Following an approach s imi la r  to that  described for  voids in 2 . 3 . 1 , the
d i f f e r e n t  degrees of f a u l t  condit ions would be appropriately d i s t r ibuted
at d i f fe ren t  relative locations among the 10 patterns.

2 . 3 . 3  Shorts and Whiskers  between Conductors

Shorts and whiskers  are formed dur ing the p r i n t i n g  process p r imar i ly  due
to pr in ter  adjustment  problems with poor screen breakaway from the substrate .
A low viscosity ink can cause the problem as well as excessive camber. The
fault conditions are more likely in large-area screen printing that challenqc

the pr inter  to its limit .

Figure 5 shcws the planned fault designs to simulate pr int ed defects  oy means
of the layout . Note that  these f a u l t s  are essentially the opposite of voids.
The f a u l t s  would be d i s t r ibu ted  among the Fine Line Pa t te rns  and M e d i u m  Line
Patterns in accordance with the same plan as shown for voids (para. 2.3 . 1) ;
e .g . ,  pattern No. 1 would contain faults on a long horizontal line with the
left—hand side of the pattern containing the limit fault and the right—hand
side of the pattern containing the typical size—i fault.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~



~~~~~~
- . - - - ~~-.--~~---- . . - ~~~~--— —----------~~~

‘

Defects Analysis  Page 5.

T 
2.3.4 Narrow Conductors

Conductors wi l l  be made narrower than their design widths to 0.5-mu granularity

by deliberate layout designs. All lines of a given pattern will be reduced oy the

same amount. Taking advantage of the right—hand and left—hand symm etry
of each pattern to increase the number of combinations, the distribution of the
various narrow lines is planned as follows :

Fault Design Normal Design
Pattern No. Line Width Lire Width

(mils) (mils)

LEFT RIGHT

1 3.5 3.0 4

2 2.5 2.0 4

I
9 3.0 & 4.0 2.5 & 3.5 4 & 6

10 2 . 0  & 3.0 1.5 & 2.5 4 & 6

2.3.5 Wide Conductors

Conductors will oe made wider than their design widths to 0.5—m u granularity

by deliberate layout design. All lines of a given pattern will be increased by the

same amount. Taking advantage of right-hand and left-hand symmetry to increase
the number of combinations , the distribution of various wide lines is planned

as follows :

Faul t Design Normal Design
Pattern No. Line Width Line Width

(mils) (muls)

LEFT RIGHT

1 4.5 5.0 4
2 5.5 6.0 4
3 6.0 6.5 5
4 7.0 7.5 5
5 9 . 0  1 0 . 0  8

6 11.0 12.0  8
7 12. 0 14 .0  10
8 15.0 1 6 . 0  10

9 5 . 0  & 7 . 0  4 . 5  & 9 . 0  4 & 6
10 6.0 & 8 . 0  6 . 5  & 10 . 0  4 ~ 6
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2 .3 .6  Scratchc s

Scratches occur in practice from careless handling . Use of sharp probes for
continuity tests and resistor-value measurements is common. If the probe slips ,
it can gouge the material. Scratches caused by probes would be on fired (not

dried) mater ial. Scratching of dried material would be caused more typically by
someone ’s use of metal tweezers in handling a thick—film substrate in the dried
or fired state. Normally, substrates are handled manually by personnel using
finger cots or plastic tweezers, so damage by tweezers is uncommon in a controlled
production environment .  Another possible source for scratches of film , either
dried or fired , is the dragging of one substrate (especially its corner) over
another .

Scratches of conductors on the demonstration substrates will be simulated manually
with real tools and even the corner of another substrate . To the extent practicaüle ,
these faults will ~e “expertly ” made by hand and the results will be documented in
a quantitative fashion . “Limit ’ faults and “typical’ faults will be located and
distriouted in a manner similar to that outlined for opens (para. 2.3.1) and shorts.

2 . 3 . 7  Mislocated Lines

Once a design is confirmed , the only way lines can get mislocated is when they are
irinted ; and then all lines of the pattern are mislocated together with respect to
the substrate reference axis. Demonstration substrates will be made by deliberately

~(L:~~~im gning plates using the adjustable vernier controls of the printer. Thus all
ten patterns will oe displaced oy the same amount in the same direction as follows
during the conductor printing :

Displacement (mils)
Sample No. X Y

1 2 0
2 4 0
3 6 0
4 0 2

5 0 4
6 0 6
7 1
8 2 2

10 6 6

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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2 . 3 . 8  ~ neared Lines

~nearing is a defe ct occurr ing dur ing pr inting when the inks are still wet
because of accidents in handling . Much like the case for scratches , these
faul t s  will  be introduced manual ly  on wet conductor ink to simulate varying
degrees of smears and the results w ill be documented qua ntitatively . These
d if fe ren t degrees of smeari ng f au l ts w ill be distr ibuted among the 10 patterns
without any special concern relative to the line widths and spacings.

2.3.9 Combinations of Conductor Faults

Different practical faults will be designed by layout or manually produced to

simulate opens (voids), shorts and whiskers, no—print , scratches and smears.

No meaningful new information appeared to be realizable by including combinations

of narrow and wide conductors and mnislocated conductors with the other faults.

Therefore , these gross—type faults are not included for the so—called ‘tombination ’~-

fault substrates. Combination faults will be distributed randomly among all 10

different patterns.

3. Substrate Alignment Considerations

This  paragraph is included in the defects ~inalysis because it provides a basis for
considering “real-world’ printing alignment capabilities and practice in relation

to alignment allowances of MIL—STD-883.

3.1 Practical Production Printing

Limited data taken on RCA-AS printed substrates revealed the following :

a. Maximum deviation of the average location of a given line in a

production lot with respect to its location as designed , 1 to 2 mnils.

b. Standard deviation for the location of a given line in each

specific lot with respect to its average location in that lot,

0.5 to 1 m u .

3.2 Specific Requirements in MIL-STD-883, Method 2017

This specification gives very little guidance relative to thick—film alignment.

a. Para. 3.1.3.1(h) — Reject ”substrate that does not have 50% of the

original design separation betwecn operating metalization and the edge

of the substrate ”. AS hybrids usually are designed to have a 10 mnil

separation between a conductor and substrate edge ; therefore , misalign—

ment of the conductor up to 5 inils would be acceptable .

b. Para. 3.1.3.2.8 — Metallization alignment. This paragraph is applicable
to thin film, but not thick film hybrids . 
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3 , 3  Practical Alignment Rules

Reject substrates for misaligninent of conductor metalization by more than 50%
of the minimum spacing between conductor layers.

Example: For 10-mu line spacing , reject if metall ization is misal igned by
more than 5 niils; for 5—m u line spacing , reject if metalization
is misaligned by more than 2.5 muls.

B. T. Joyce
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Distribution : L. Arlan
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TABLE 1

D~24ONSTRATION SUBSTRATES

LOT DESCRIPTION OF 10-IMAGE NUMBER OF SUBSTRATE PLATES

NO. SUBSTRATE PLATES DRIED GOLD FIRED GOLD/RESISTORS

1 FAULT FRE E 10 10

2 OPEN CONDUCTOR S ( VOIDS) 2 2

3 SHORTS & WHISKERS BETWEEN CONDUCTORS 2 2

4 NO PRINT OF SELECTED CONDUCTORS 2 2

5 NARROW CONDUCTOR 2 2

6 WIDE CONDUCTOR 2 2

7 SCRATCHES 2 2

8 MISLOCATED LINES 10 10

• 9 ~‘1EARED LINES 2 2

10 COMBINATION OF 2, 3, 4, 7 & 9 2 2
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I l luminat ion Ana lysis

1.0 DESCRIPTION OF HYBRID CIRCUI~~

A hybrid circuit  assembly or “hybrid” comprises a ceramic substrate (a1uin~ na)

on which are deposited varioi~s combinations of gold conductors , gold/platinum

conductive pads , dielectric layers and film resistors . The various elements

are applied in successive layers by screening processes and are relatively

rugged and durable when fired . The substrate is hard , abrasive and durable.

Thickness generally ranges from 20 to 30 mils. Maximum size of substrates

required to be accomodated by the A IME system , without repositioning , is

two inches by two inches.

2 .0  OPTICAL PROPERTIES

2.1 Substrate

The alumina substrate is white and translucent with a substantial amount of

in ternal  scat ter ing. Effec t ive  reflectivi ty is approximately 70% if the

supporting sur face  is a luminum and 50% of it is non—reflective . Substrate

reflection is approximately Lambertian with no evidence of sheen or other

directional properties .

2.2 Dielectric

The d ie lectr ic  layers are white translucent and barely distinguishable from

the substrate. The mesh of the screen commonly used to deposit the dielectric

is 200 per inch , resulti ng in a distinguishable (with magnif icat ion)  but low

contrast  pat tern.  Some sheen is present at grazing i l luminat ion angles .

2 . 3  Gold Conductors

The gold conductors are screened with a mesh of 325 per inch and the granu—

lari ty is clearly visible. Despite the graininess of the surface , a strong

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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specular component of reflection is apparent, even at near perpendicular

i l luminat ion  and observation angles .

For perpendicular observation and near perpendicular illumination , the

re f lec t iv i ty  exceeds tha t of the subs trate . As the i l lumination direction

departs from the norma l , the reflection from the gold decreases unti l , at

45° the gold reflectivity is substantially less than that of the substrate

(See Figure 1).

Where covered by dielectric , the gold , although d immer is still clearly

visible , but the dielectric scattering eliminates the directional properties

of the gold reflectivity .

2.4 Platinum — Gold Pads
Like the gold , these conductors are screened at 325 per inch . However, they

show little if any directional ~‘ref1ectivity . The color is gray, indicating

uniform spectral response in the visible (and RBV) range.

2 .5 Resistors

The resistors are very low in reflectivity with a slight sheen which makes

the screening pattern , a mesh of 200 per inch , visible. Even the highlights

are much lower in reflectivity than any of the other materials .

2.6 Backside Metallization

Ab ut 50% of the hybrids are metallized with gold—platinum , over the entire

rear surface , in a pattern of squares and rectangles. Typically the squares

are spaced twenty to the inch and the rectangles are slightly longer in one

dimension. The blank lines between the squares are about .007 inch in width .
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With the substrate back—illuminated , there is considerable blurring of

the pattern , caused by scattering in the substrate . The attenuation

of light caused by the reduction of area is approxinately 4:1.

Transmission of the subatrate alone , for 30 mu thickness with

diffuse illumination is 36%. Tests have shown tha t high contrast

between gold conductors and film resistors , and that of the substrate

can be achieved with back—illumination in spite of the backside

metalization.

______ —~~~~~~~



3.0 SENSOR S1’ECTR2\L RESPONSE

Figure 2 shows a represent~tivc relative spectral response for the ASOS surface ens-

p].oycd in the 4.5 inch flBV tube . Also shown for comparison is the standard photopic

response for human vision. From the curves it can be seen that visual observations

of h ybrid photometric properties will correspond reasonably well with the REV

responses.

4.0  ILl U~-1I~~ \.TOR

4.1 Spectral Properties

Figure 3 shows the approximate spectral properties of tungsten halide incandescent

lamps at color tempera tures of 3000°K and 23500K respectively. The former represents

the normal operating condition for maximui~ output and rated lifetime of 50 hours,

while the latter represents a reduction of luminous output by a factor of ten to

one. This would be accomp lished by lowering the lamp voltage to 50% of rated value

(a current of 70% of rated value). It results in a pronounced red shift in the peak

response ar.d a sharp reduction of the green—blue regions of the spectrum.

in addition to altering the spectral content of the lamp , reducing the voltage may

cause the halogen cycle to cease fun ctioning thereby permitting evaporated tungsten

to be deposited on the lamp envelope. For these reasons, other means of varyi ng the

illumina tor output have been explored and will be discussed below.

4.2 Use of Iris for Atteruation

To improve illumination efficiency and eliminate the annoyance of scattered light,a

housing, shown in Fig~ire 4, and a condensing lens are required . The lens tube also

provicies a convenient mounting for an adjustable iris , which , placed cloie to the

lens aperture, will c.cienuate the i l luminator  output without vignetting the illumi-

nated area. By this noans attenuation ratios of greater than 100:1 can be obtained

without any change In the lamp spectral properties.

The tube also provide s a moun ting for a “hot micror XI and for spectral filters if

nccecsary. The form.~r can reduce the heat output of the illuminator by at least



___________________________ 

60% and the la t te r  may be used for contrast enhancement.

Other means of very ing the illum inance on the RBV tube face are neutral

density filters , RBV lens iris adjustment (subject to depth of field

requirements), and exposure time control , if the snapshot mode is

utilized .

4.3 Spectra l Filtering

As shown in Figure 1, there is good contrast between the gold and the

aluminum oxide substrate for tungsten illumination at obtainable angles

of incidence *. Figure 5 shows the relative spectral responses of the
0

ASOS (RBv) photo—surface ,the 3000 K tungsten source and the reflectivity

of gold . Figure 6 shows the resulting system response to the gold

conductors and to flat spectrum surfaces such as the alumina substrate .

4.4 Back Illumination

Although back illumination would increase the contrast, relative to the

substrate, of all deposited materials except the dielectric layer , there

would be no contrast of gold versus the iesistors . The front contrast of

gold , and carbon relative to the substrate is good , but further tests are

required to determine adequacy of S/N for automatic processing . At this time

it appears that back illumination is the preferred approach for deposition

inspection .

*r~Jote tha t angles above 30 degrees are precluded because of interference with

the REV and lens assemblies . If a shutter is used , to implement the “snapshot”

mode , angles above 20 degrees are precluded . 

-~~~- -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .—
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4.5 Reduction of Graininess

(Thwing to the screens used in depositing the layers , the surfaces

appear rough under magnification and the local reflectivity varies ,

as shown in figure 1 (for a single illuminator) . Examination shows

that some or most of this variation is caused by shadowing in

local depressions having dimensions corresponding to the mesh spacing .

To minimize these shadows for frontal illum ination , two illuminators

will be symmetrically located relative to the center of the hybrid

mounting surface . This arrangement will also mininize shading due

to variation of distance from the illum i nator over the surface of

the substrate .

4.6 Illumination Geometry

The hybrid can be illuminated by focussed , collimated or divergent light

but the substrate size , 2 inches by 2 inches , would necessitate an

unusually large illumina tor aperture (about 3 inches diameter ) if collimated

light were to be used .

Of the two remaining methods focussing is the more efficient ir~

that the lamp filament area is directly imaged onto the hybrid .

To avoid loca l variations lue to the image of the filament wires ,

a defocussing distance of about 0.5 inch is required .

The lamp of Figure 4 is designed for focussed or imaging illumination

in that the filament is closely coiled ~o as to produce a nearly

solid source area .

Since the source iS rectangu lar, there is only one angle of incidence

at which the source image matches the square substrate , about 33
0 

for

the lamp dimensions.

Figure 1 indicates that maximum reflictivity ratios are obtained

for incidence angles between 10 and 30 degrees , with luminance decreasing

~ter-p ly as incidence decreases.

~½ccordingly an angle of 20 degrees , representing the limit due to

shadowing by the RBV camera shutter housing, is chosen. 

-~~~~~~~~ _ — -~~ 
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Allowing for variation of the illuminator condensing lens focal

length and for nonuniformity in the edges of the defocussed beam ,

a distance of 20 inches from the condensing lens to the center of the

substrate will assure that the filiament image plane approaches no

closer than 0.5 inch from any point on the substrate ,and the substrate

lies within the region of the beam .

With these dimensions , the illuminance on the sub strate can be estineted

for two illuminators of Figure 4, to be 4800 lumens/square foot.

Reflectivity is at least 50% so the resulting luminance is 2400 ft.

larnberts. The nomina l requirement is 11! ft. lamberts with the RBV

lens set at f8 and operating in the continuous mode. A margin of 21:1

is therefore left for any spectral filtering which may be employed .

________ 
—
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APPENDIX 3

ALTERNATE HYBRID INSPECTION TECHNIQUES

A-3 
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ALTE RNATE APPROACHES

1) LASER DIFFERENTIAL LINE SCANNER. (LDLS)

A laser differential line scanner (LDLS) which is used to examine LSI

masks was evaluated to determine whether it could be adapted to do hybrid

circuit inspection.

LDLS Operation:

The LDL.S can test transparent objects (such as masks or SOS wafers) which have

a repetitive matrix of patterns. The incident laser beam is split and aligned

to scan identical areas of adjacent patterns on the glass mask with a 525/60

‘IV raster of 24 mils width. The detectors are placed on the opposite side of

the mask. The mask holding fixture is translated in X and Y to scan the full

mask .

Disadvantages of the presently configured LDLS are that it cannot inspect non—

transparent objects like hybrid circuits. However , a laser scanner could be

configured to utilize a r2fiected light detector but the system would have

certai n disadvantages as follows:

a) Monochromatic laser light could not he color f i ltered to take adva ntage

of spectral information in the hybrid.

b) It would be difficult to zoom the laser scar.ner as is done in the REV

electronics. !lide angle laser deflection for overall hybrid viewing

can be accomplished with an acousto—cptic crystal (horizontal) and

galvonometer driver) mirror (vertical) in conjunction with optics to

increase the deflectior angle. But narrow angle (zoom) viewing would

require an optics focal length change.

c) Steering the laser beam to different parts of the hybrid would require

accurate UUT fixture translation instead o~ the stationary hybrid

f ix ture u~e~-i hy the RBV system which ~:as electronic zoom and steering .

d) Imaqe non-uniformity (shading) may rt- .~ult from certain types of mechan-

ical laser beam deflection because the scan velocity is not constant.

The RB’! has linear (constmt ve1o it~ ) ccarning in horizontal  and vcrt ical .

I

_ _ _ _ _ _  ------- -— ~~~~~ —--~~~-
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APPENDIX 4

AIME SYSTEM BLOCK DIA GRAM
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