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[Histeny el X-Ray Radioscopy

(Special thanks to Jim Wheelis)

N

= Dr. Wilhelm Konrad discovers an unknown ray
emitted from a Crooks tube that caused a nearby material

to glow.

= This event was not only the discovery of X -rays but the
first observed fluoroscopic event !

VJ Electronix, Inc.
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ULTRAVIOLET INFRARED

SNDEVE|oped X-ray the Tube 1896---1923
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Fig, . (ass envelope X-ray fuoe

1. Cathoda

4. Focussing cup.
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—he visual observation on a
filerescent screen of the
IMage of an elhject exposed
to penetrating, Ienizing
radiation.
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VJ Electronix, Inc.

2¥electrronic production of a
iedielogical image that fellews very.
clesely the changes withi time! of the
GRJECHEING| IMmaged.

WIARMETFINESFERY
— RIX Real-timerXsray
— RTR Real-time Radioscopy;
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ra-di-o-graph

An image produced on a radiesensitive surface, such as a
photographic film, by radiation other than visible light, especially
by x-rays passed through an object'or by photographing a
fluoroscopic image.

Fluorescent
Screen ~hElectromagnetic Focusing Grids

Qutput Phosphour

Photo Electric Layer

VJ Electronix, Inc.



Don Naugler

AGE INTENSIFIER TECHNOLOGY
LIMETATIONS

— Geometric Unsharpness
Quantum Noise
Video Noise
Poor Image Compared to Film

High Initial Equipment Cost
— Subjective Results

— No Archival Record

e 20+ Years of Marginal Progress

sNideo Development

s Crystalline: Image Intensiier

VJ Electronix, Inc.
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Csl needles

Electron
X photon P2 Phosphor

h_\-\‘_"‘-’\-)_._-—-_.__‘_'_,_._-—-_._h
Light photon

Light photon

14,000:1

Photoelectric layer Gain
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s AVialog
— XRV.(X-ray Sensitive Vidicon Cameras)
— Image Intensifier / Camera Combinations

— Digital Cameras
= Digital
— Linear Diode Array

— Area Array (Amorphous Silicon Flat Panel)

- S-Ray Carplerel
Limited FOV (1" typical)
Limited Resolution (typically 8 Lp/mm)

High Energy Level requirement (75 kv @ 100 pA
typical)

Analog Camera — Frame Grabber converts to 8 bit
signal

256 Grayscale

VJ Electronix, Inc.
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- mage | gigpsifige it Aneloe) Gzlpglel el
IFFOV typically 4” (dual 2 — 4 inch common)
High Frame rates
40 Lp/mm or greater resolution
Low Energy Level Required for visible image
Frame Grabber converts to 8 bit signal
256 Grayscale

X-ray > Electrons >Phaosphor > Light > Collimator >
Zoom Lens >CCD

- Irnag@ fptspsifias Wita Diefitell Gzl

— All the benefits of the Il with Analog camera plus:
e 12 bit signal = 4096 Grayscale
= Higher Resolution (1K? vs. 752 x 482)

« Better image quality retention (image kept as digital
signal)

— But:

« Still the same limitations typical of an Image
Intensifier:

— X-ray > Electrons >Phosphor = Light > Collimator >
Zooim Lens >CCD

VJ Electronix, Inc.
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- CM@S (Dejfizzlh) Peir)el
High (Contrast) Resolution

Little or no loss in image quality due to signal
conversions

Flat Image
12 bit — 4096 grayscale
Image acquisition frame rate slow (1/10 of II)

High Energy Level Requirement

data

——

VJ Electronix, Inc.
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shiSUiman Eye
s maee Intensifier

= Digjtal Arrays

Automateg

VJ Electronix, Inc.

16 steps: 4 Bii
64 steps 6 Bit
4096 steps 12 Bit

N
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BGA Soldg

VJ Electronix, Inc.
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n," Microsoft® Encarta® 98 Encyclopedia. © 1993-1997 Microsoft Corporation. All rights reserved
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*Electro Component

eMagnetic Component

eElectromagnetic
Wave

VJ Electronix, Inc.
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N

absorbed in material by chance

udy and description or this phenomena is known
as Quantum Mechanics

e more space than material
atomic space
er molecular space

VJ Electronix, Inc.
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e Brightness is effected by capture efficiency (wave length)
and number of photons (Quantum)

ess of material

VJ Electronix, Inc.
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(EEpmetric Vagnification

Epucal Vagnificatien

DigicalfVagnilication

Tetal System Magnificauoen

VJ Electronix, Inc.
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@ = diameter of source
F = focus-to-film-distance
a = defect-to-film distance
d = thickness of object

@ xd

VJ Electronix, Inc.
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Relationship of ‘

Y of spot size (nanofocus - pfocus) to
Watts) on X-ray penetration:

St ST Mils of copper
Power (watts) = Kv x mA

X-Ray Penetration

Relative X-Ray Attenuation
Material Density + Thickness

160KV 130Kv 100Kv 75Kv  45Kv 25Kv 15Kv

<0.5 watt <2 Wwatts 4 Wwatts 12 watts

The nanofocus spot size grows to microfocus size as the
power to penetrate materials of relative density and/or
thickness is increased, e.g. CBGA solder joints, RF
Shielding, double-sided boards, etc.

Relative X-ray power to Achieve Desired Penetration

SN IS yragiicanerImpertant with
fEspect to the app//cano?

SWVaenifications gives, the ability terind minute
delects; that weuldmermally net e visualized

| S

VJ Electronix, Inc.
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SREG@E Filter

VJ Electronix, Inc.
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sseyContrast Display

VJ Electronix, Inc.
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SN@HirAXis Viewing
sWiktual 3D
s laminegraphy and Temesynthesis

= \V/olume or AxiallComputed
Tomoegraphy.

e Swing or Limited"Axis Computed
Tomography.

e Planar Computed Tomegraphy:

VJ Electronix, Inc.
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SERaY Seurce has a heam
angle off 70 te 170 degrees

s Center of beam; (focall spoet) IS
almed at center of point of Interest

= Either product er detectolr meves
about the area ofi Interest

» Through Transmissien lmage

VJ Electronix, Inc.
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Popular Pseude-3D; tools

shRierpretation gray: scale reading

—SASEIPLIoN rate s translated inter height:
infematon

—theverticalt/ocativn andrexterid o defects
remain Unknewn

— Helps' in highlightingivVaratiensinrdensity
— Provides Operators withialtermaiveNiew,

Ahancement

Grey scale value by pixel is graphed
and/er manipulated

VJ Electronix, Inc.
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“Virtual 3

apilired Image

“Virtual 32

VJ Electronix, Inc.
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Virtual 3C

Virtual 3C

WiIKer-rame or Contour Model

VJ Electronix, Inc.
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e Laminography
e Temosynthesis
e CT (Computed Tomography)

Yantage of 3d X—ray‘

VJ Electronix, Inc.
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al Tomosynthesis ‘

VJ Electronix, Inc.
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s General Features

s [lechnigues
— Volume or Axial
— Swing
— Planar

Computed

Features

sabata Acquisition Seftware
o' Reconstruction: Algorithnms
= Hardware

e Data Visualization

VJ Electronix, Inc.
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VJ Electronix, Inc.

Requires highly stability: X-Ray
spLIce

HIgh dynamic and stable detector

Ultra High' Reselution: Vietien Control
that Iss matched 1o the detector

System structuraliintegrty: required
for optimal image“gualiy,
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N

e Multi Chip Module

e Approximately 25
mm in X and Y

e 100 slices selected
for this application

e Each bond wire is
.001”/ 25 pm thick

N

= Sample Retates up to
180'degrees

= EullFReconstiuction
algonthms: canihe
applied

VJ Electronix, Inc.
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RECEIStructed Image

Planar

off Operation

VJ Electronix, Inc.
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ally designed for Objects that are
Giicult to rotate axially and perferm a
fecenstruction.

= \VedulerAssembly’ and Bare Board inspection
— Ability ter separate side: 1 fien side: 2

— Z-axis|lecation’ el defects in BGA19alls

— Detect Inner layer defects

— Verify Blind and Buried Vig IRtercennects

— Void inspection of ThroughMSGlescemponents

N

Planar CT

= Printed! Circuit Board
- .062"/ 1.57mm total thickness

— 100 slices selected for this
application

— Each copper etch is .001"/ 25
pum thick

VJ Electronix, Inc.
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VJ Electronix, Inc.

\o)fefs

Solderdoint Area

Selder Joint Shape

Missing/Shorts

Alignment

PCB:

—.0627/ 1.6 mm Z axis

= Solder Bumps:

—.004” / 100pm X/Y
—.002” / 50pm Z

* 50 slices

5P jEN0F

[E ]

_d
fl
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sNVlagnification

=Nhroughput vs. Detail

s PeEnetration
— kV

VJ Electronix, Inc.
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Fail Criteria
= \in/Max Diameter

BGA Analysiz I Area Analysiz I
—Area |dentification Parameters

0 [ [ Balldrea——————— ~Woiddea &
A) DeVIatlon ’VMin: IBD [LETS I‘I2D ’7Min: ID.5

- VOId Al’ea Boundary Distance: IIJ

— Defect |dentification Parameters

s % 0l tetal Enabled? Fram:
v % AueaDeviation: |10 834.69

° # Of VOIdS I~ Circularity: [1.15 Sq.Mils
il Max # of Voids:
W Max % Void srea [10
v Max % Largest Void:
v BGA Count: |25

Threshold Auto-Select v Threshold:lm—j
Show BGA Mumbers: [ Colorize Results, v

Calculate | Results |

Fail Criteria
= \in/Max Diameter

A Deviation

=\/eid Area
= U5 ol total

* 7 O Voids

VJ Electronix, Inc.
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Generate

PassyAEall
ObVvieus Defects

Consistency.

— [Low! velume = Opens?

Areas of Concern

— Corners vs. Center

SeyPinspection in Production
=New Product Qualification

=PIOCESs Control

o FailurerAnalysis
— High Magnification
— Ofiff Axis Viewing

= 3D X-ray Inspection

— Greatest detail available

VJ Electronix, Inc.



