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Ultrasonic ImagingUltrasonic Imaging

�� Nondestructive Test Nondestructive Test –– MilMil--PRFPRF--123123

�� Strong Echo From Air GapsStrong Echo From Air Gaps

�� Should Detect Voids, Cracks & Should Detect Voids, Cracks & 
DelaminationsDelaminations

�� Ability To Detect Microstructure Defects Is Ability To Detect Microstructure Defects Is 
Key Key –– 0.00080.0008”” Dielectric ThicknessDielectric Thickness

�� Newer Ultra High Frequency Transducers Newer Ultra High Frequency Transducers 

-- To 300 MHz To 300 MHz -- AvailableAvailable

�� Little Info Specific To BaTiOLittle Info Specific To BaTiO3 3 Capacitors Capacitors 



Velocity Of Sound CalculationVelocity Of Sound Calculation

�� c = 2 X 2.51 c = 2 X 2.51 mmmm/.9 /.9 µµss

= 5.57 X 10= 5.57 X 103 3 m/sm/s

�� c = 2T/tc = 2T/t

�� cc = = BaTiOBaTiO33 Sound Sound 

VelocityVelocity

�� Material ThicknessMaterial Thickness

�� t = Time Of Flightt = Time Of Flight



Fundamental ResolutionFundamental Resolution

λλ = = c/c/ƒƒ WhereWhere λλ = wavelength= wavelength

c = material sound velocityc = material sound velocity

ƒƒ = frequency= frequency

For BaTiOFor BaTiO3           3           c = 5.55 X c = 5.55 X 101033 m/sm/s

100 MHz Transducer100 MHz Transducer λλ = .00005 m or .00197= .00005 m or .00197””

λλ/2 =.001/2 =.001””



Spot Size & ResolutionSpot Size & Resolution

F# = Focal Length/ Diameter                    F# = Focal Length/ Diameter                    

Useful For Comparing TransducersUseful For Comparing Transducers

Spot Size           Spot Size           ∆∆X = 1.22F#X = 1.22F#λλ

Resolution            R = .707Resolution            R = .707∆∆XX

Depth Of Field    Depth Of Field    ∆∆Z = 7.1(F#)Z = 7.1(F#)22λλ





100 MHz Transducer100 MHz Transducer

�� F# = .500F# = .500””/.250/.250”” = 2= 2

�� Spot Size            = .0012Spot Size            = .0012””

�� Resolution          = .0009Resolution          = .0009””

�� Depth Of Focus  = .0568Depth Of Focus  = .0568””



100 MHz Transducer Comparison100 MHz Transducer Comparison

.009.009.00035.00035.8.8.250.250.200.200.001.001100 MHz100 MHz

.057.057.00086.000862.02.0.250.250.500.500.001.001100 MHz100 MHz

DepthDepth

Of FocusOf Focus

(Inches)(Inches)

ResolutionResolution

(Inches)(Inches)
F#F#

DiameterDiameter

(Inches)(Inches)

Focal Focal 

LengthLength

(Inches)(Inches)

λλ/2/2

ResolutionResolution

(Inches)(Inches)

FrequencyFrequency

�� Typical 0805 Cap Is .035 Typical 0805 Cap Is .035 -- .050.050””



50 MHz Transducer Comparison50 MHz Transducer Comparison

.170.170.0026.00262.02.0.250.250.500.500.003.00350 MHz50 MHz

.682.682.0052.00524.04.0.250.2501.0001.000.003.00350 MHz50 MHz

DepthDepth

Of FocusOf Focus

(Inches)(Inches)

ResolutionResolution

(Inches)(Inches)
F#F#

DiameterDiameter

(Inches)(Inches)

Focal Focal 

LengthLength

(Inches)(Inches)

λλ/2/2

ResolutionResolution

(Inches)(Inches)

FrequencyFrequency



Scan ResolutionScan Resolution

�� Pixel Density X Spot SizePixel Density X Spot Size

= Optimal Field Of View (FOV)= Optimal Field Of View (FOV)

�� 100 MHZ Transducer @ 1024 Pixels100 MHZ Transducer @ 1024 Pixels

= 1.24= 1.24””

�� Resolution of Monitor, Printer, EyesResolution of Monitor, Printer, Eyes……..



All This Is Great, HoweverAll This Is Great, However……



Frequency DownshiftFrequency Downshift

� Frequency Attenuated In The Water Path

�Diffraction     

�Scattering 

�Absorption



Frequency Downshift Frequency Downshift 

230 MHz Transducer230 MHz Transducer



DelaminationsDelaminations Or TerminationsOr Terminations

All parts with an acoustic reflection that indicate a possible defect, 

shall be removed from the lot.



Other ConsiderationsOther Considerations

�� Higher Frequencies Equate To Lower Energy & Higher Frequencies Equate To Lower Energy & 

Therefore Less Penetration Of The Ceramic.  Therefore Less Penetration Of The Ceramic.  

Need Thin Samples.Need Thin Samples.

�� Non Flat Surfaces Scatter the Sound Waves & Non Flat Surfaces Scatter the Sound Waves & 

the Echo Is Lost.  Need Flat Surfacesthe Echo Is Lost.  Need Flat Surfaces.  .  



ConclusionsConclusions

� Detecting Voids of <.0004” Is Possible With Ultra 
High Frequency Transducers But May Not Be 
Practical. Consider Lot Rejection.

� Detecting Rejectable Delaminations Is Possible 
But Take Care When Parts Are Terminated.

� Cracks In The X/Y Plane Can Be Detected With 
Ultrasonic Imaging But If Cracks Are In The Z 
Plane, They Are Not Detectable.  Consider Lot 
Rejection. 



Questions?Questions?
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