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ABSTRACT

Scanning acoustic microscopy (SAM) is an attractive tool in the non-destructive inspection of
printed circuit boards, thick films, thin layers and microelectronics packages. For example it
permits to detect subsurface delaminations, cracks and pores (air bubbles) for different
materials: metals, plastics, ceramics or composites. The examples of different electronic
components and circuits observed in SONOSCAN D-9000 ultrasonic microscope with
frequencies of transducers between 10 MHz and 230 MHz are presented in this paper.

1. Introduction

Most of physicochemical microinspection
techniques require a long sample preparation and are
almost always destructive. The first acoustic
microscope, using acoustic impedance to produce
high resolution images of sample interior structure,
was built by Lemons and Quate in 1974. At present
Scanning Acoustic Microscopy (SAM) is very
attractive because this technique is non-destructive, it
allows subsurface imaging and it provides
information about different properties of the sample
(hardness, viscosity, adhesion, density, and
topography) under the surface [1-4]. This paper
presents chosen results of this analysis technique
made at the Technical University of Ilmenau for
electronic packages, LTCC structures and LTCC gas
Sensors.

2. Testing Method

All presented results were obtained using
SONOSCAN D-9000 ultrasonic microscope (scan
size from 2.66x1.95 to 332.9x249.7 mm”’, scan speed
between 25.4 and 609.6 mm/s, scan resolution
512x480 pixels) [S5]. A wide range of transducer
frequencies, from 10 MHz to 230 MHz provides the
capability to conduct observation on a number of
electronic products and components, regardless of the
sample thickness or resolution required. SAM
basically consists of sending a sound wave (generated
by piezoelectric crystal) through the specimen, and
interpreting the interaction of the sound wave with

the specimen. This wave travels to the specimen
through a medium, which is usually deionized water.
The wave travels through the specimen's material at
the material's velocity and a part of it is reflected
back everytime when it hits an object with other
acoustic impedance (defect) within the material.
Scanning acoustic microscopy has several modes.
Some of them, the most often used, are shown in
Fig. 1. The A-Scan Mode is the real-time oscillo-
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Fig. 1. Different imaging modes in scanning acoustic micro-
scopes [5].

scope waveform of the acoustic signals based on the
reflected echoes, or acoustic data collected at a single
X-Y portion or point. The C-Scan Mode is the
display of the image of reflected echoes at the
focused plane of interest, or acoustical data collected
along an X-Y plane at depth Z. The B-Scan Mode is
the cross-sectional display showing the ultrasonic
reflection of the various interfaces along the depth of
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the package. Usually the B-Scan images are based on
the C-Scan image for precise determination of the
depth of flaws detected. Q-BAM™ (Quantitative B-
Scan Analysis Mode i.e. quantitative, virtual cross-
sectional view), 3V™ (Three-Dimensional Virtual
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Fig. 2. View of steering panel for so-called A-Scan Mode
(top) and image of LTCC structure of gridded plane [6] made
in C-Scan Mode.

Volumetric viewing) and 3D TOF (Three-Dimensional
Time of Flight profile) are the remaining scan images
shown in Fig. 1. Of course modern ultrasonic micro-
scope permits to realize different observation modes
through proper arrangement of steering panel (as is
visible in Fig. 2).

3. Application — Review

This chapter presents chosen examples of
ultrasonic inspection performed at the Technical
University of Ilmenau. The results of various image
modes were presented for various tested electronic
structures (components).

Silicon integrated circuits mounted to the package by
Pb-Sn and experimental lead-free solders are compared in
Fig. 3. Possible air bubbles under Si chip can be
observed. Examples of various non-defective LTCC
structures — gridded plane and cooling channel in liquid
cooled LTCC substrates for high power applications are
presented in Fig. 4. Three versions of LTCC gas sensor
are shown in Figs. 5 and 6. Version 1 demands
complicated meander necessary for obtaining proper
heater resistance and uniform temperature distribution.
But time to time shortings similar to observed in Fig. 5
(C-Scan) appeared and this made impossible to receive
proper temperature  distribution. Therefore next
technological versions of gas sensor were made on much
smaller substrate with much simpler heater topology and
small active area of sensing layer placed just in the
middle of substrate and in the middle of heater (Fig. 6).

4. Conclusions

The examples presented in this paper confirm
usability of scanning acoustic microscopy for non-
invasive and non-destructive inspection of various

Fi
mounted to the package with the aid of Pb-Sn solder, soldering
temperature 235°C (top) and experimental lead-free solder,
soldering temperature 260°C (bottom); transducer frequency
15 MHz. Popcorn effect or air bubbles under chip (red color in
the right bottom corner) are visible in the right ultragraph.

Fig. 4. 3V™ images of two different LTCC structures
(transducer frequency 100 MHz) — gridded plane [6] (left) and
substrate with 0.8x0.35 mm cooling channel [7] (right).

microelectronic circuits and packages. This method
both can certificate very good and defect-free internal
structure of different electronic structures (for
example gridded plane, liquid cooled LTCC substrate
or versions 2 and 3 of LTCC gas sensor — planar
resolution of this method is dependent on transducer
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Fig. 5. X-ray, C-Scan, 3D-Profil of LTCC gas sensor (Version
1 — 6 mm diameter [8]), transducer frequency 50 MHz.

frequency and for 100 MHz transducer is equal to
about 10 um) as well as to indicate possible
subsurface defects (eg. air bubbles in mounted silicon
chips or partial shortings of heaters designed for
version 1 of LTCC gas sensors).

Fig. 6. C-Scan of LTCC gas sensor (Version 2 top photo and
version 3 middle and bottom photos — all versions 4 mm
diameter [8]), transducer frequency 100 MHz (top and bottom
photos — visible all elements of the sensor, middle photo —
underlined heater and contact areas).
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