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Microelectronics and semiconductor wafer manufacturing are 
among the fastest evolving technology industries today.  Wafer sizes 
typically are 200 mm to 300 mm while critical dimensions are shrink-
ing to 0.09 µm and smaller.  As the size of discrete devices continues 
to be reduced while device density increases, the need for fast, accu-
rate, flexible metrology and inspection tools in the microelectronics 
industry grows. 
The evolution of inspection

Back in the early 1980’s, semiconductor inspection was per-
formed primarily by brightfield optical microscopes and with auto-
mated detection tools.  The adaptation of automated detection tools 
led to the systematic control of increasingly smaller defects.  The 
smallest detectable defect using these automated tools fell to below 
the 0.30-micron mark during the 1990’s.

As semiconductor design rules decreased it pushed the require-
ments for defect inspection into the domain of the Scanning Electron 
Microscope (SEM). These instruments easily resolved defects of 0.25 
µm and smaller.  However, the increase in resolution came at 
a price in speed and flexibility. SEM inspection took longer 
due to sample preparation and pumping down the vacuum 
chamber. The delay in the manufacturing environment was 
often too long.  As a result a bridge tool was developed that 
was based on confocal imaging.

The older confocal imaging microscope provided many 
of the speed advantages and ease-of-use capabilities found on 
the standard optical microscope.  However, the new advan-
tage was the ability to create 3D images based on the unique 
confocal     imaging technique that enables image slices to be 
stacked, creating high contrast images and improved resolu-
tion down to 0.18 microns at a wavelength of 450 nm.

As the push towards the current state-of-the-art semi-
conductors continued, even this fast and efficient confocal   
technology was not enough and the most demanding users 
were forced to resort to the current generation of powerful 
SEM inspection tools and laser based confocal microscopes 
with 408nm lasers.  And at every stage of semiconductor 
technology development, there was always a need to see inside 
the complex devices being created.
 The challenge of subsurface imaging 

As the need to increase circuitry complexity while increasing 
wafer size grew in the semiconductor industry, the need to look 
below the surface at the underlying layers for broken leads, faulty 
connections, and other defects grew correspondingly. No inspection 
technique was available that could penetrate the surface of the wafer 
without causing damage to the wafer or packaged device. The only 
way to perform an inspection was to destroy a wafer – to break it open, 
polish the edges and take a look at it. For encapsulated devices, such as 
MEMS components, it often meant removing layers of material with 
acid or other expensive and time-consuming processes. In all cases, it 
meant destroying expensive samples, training technicians to destroy 

and prepare samples correctly so that they weren’t rendered useless, 
and then using valuable time preparing samples for insertion into a 
SEM vacuum chamber or even under an optical microscope.   
IR Laser Confocal: Nondestructive Subsurface Imaging

In response to the need for subsurface imaging, enhanced laser 
scanning techniques have been developed over the past five years, 
such as near-IR laser confocal imaging.  The semiconductor industry 
in particular benefits from the use of infrared wavelengths because 
confocal   IR rays easily pass through silicon wafers (as well as many 
other substrate materials, including GaAs, sapphire, diamond and 
silicon carbide), enabling manufacturers to inspect the many layers of 
a wafer without destroying an expensive sample. With the increased 
use of flip chip technology, confocal   IR microscopy techniques are 
gaining popularity to visually inspect for pattern or leak damage to 
chips after electric testing and to measure gaps and alignment between 
the chip and its interposer. Using IR microscopy, a manufacturer can 
quickly identify areas that need to be further analyzed by a scanning 
electron microscope, saving expensive SEM operation and analysis 
time. For wafer-level, chip-size packages, IR microscopy is ideally 
suited to non-destructive inspection for delamination, deformation, 
and the pattern’s fusion and erosion by resin expansion and contrac-
tion after heat and humidity testing.

In particular, the increasing popularity of wafer level chip size 
packages (WL-CSP) has created a critical need for non-destructive 
subsurface inspection. WL-CSPs were developed to meet the need 
for chip-level components to fit the shrinking form factors of today’s 

personal electronic devices, such as cell phones, MP3 music players, 
and PDAs. 

In the WL-CSP manufacturing process, the semiconductor IC 
chips are packaged right on the wafer before they are diced out into 
separate devices. A sealing resin is first coated on the surface of a 
wafer to cover and seal all IC chips, and then a dicing operation is 
conducted to separate the completed packages. The shock of the 
dicing operation can potentially cause the resin coating to peel off 
the IC chip, dislodging it. In addition, the heat curing process can 
shrink and peel off the integrated circuits inside the package. While 
any compromise of the exterior resin coating can be observed visu-
ally, the only way to inspect the internal condition of the IC is to 
take a non-destructive look inside the package. Because the IR laser 
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transmits at a wavelength of 1310 nm it can easily pass through the 
WL-CSP’s silicon wafer, enabling the confocal microscope to create 
an accurate 3D image with high contrast and resolution at high mag-
nifications previously unattainable with conventionally used infrared 
microscopes (see Figure 1).This wavelength laser allows current tools 
in the market to achieve repeatability figures of 3 sigma < 0.05 µm 
for X and Y and 3 sigma < 0.1µm for Z. 

What makes confocal   IR laser microscopy so attractive to the 
microelectronics manufacturing industry is its ability to bridge the 
gap between standard optical microscopy and scanning electron 
microscopy. Unlike SEM and standard optical system analysis, which 
involves time-consuming and expensive sample preparation, confo-
cal   IR laser microscopy does not require the cleaving of a costly 
wafer and edge polishing to get a good image. As a result, there’s no 

possibility of contamination or deformation from the preparation 
work and inspection can be done immediately by relatively unskilled 
employees (no specimen preparation training is necessary). Put a 
different way, the total cost of obtaining a good image using confo-
cal   IR laser microscopy can be measured in cents rather than the 
cost in dollars associated with conventional SEM and optical based 
measuring techniques.

One of the key benefits of the IR confocal   technique is its ability 
to perform three-dimensional measurements within the device. This 
allows for fast and repeatable measurements that provide quick solu-
tions to critical alignment problems with multi-layer devices as well 
as bonded devices. The unique three-dimensional measurements also 
enable imaging and measurement of boundary layers within devices 
and provide roughness and volumetric data to the failure analysis and 
process development engineer. 

The IR confocal   technique is also ideal for wafer thickness 
measurement. When the manufacturing process requires thinning 
of the wafer, the IR system can look through the wafer to determine 
exactly how much the wafer has been thinned. This is particularly 
useful when the customer’s process requires laminated wafers.

In short, confocal   IR laser microscopy is the right technique 
at the right time for wafer manufacturers facing increasingly com-
plex chip topographies, rising costs, and lowering margins. The IR 
confocal   technique enables manufacturers to perform fast, flexible, 
accurate, and cost-effective inspections and measurements in real-
time without the time and money costs associated with scanning 
electron microscopy.   n
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towards morphological and topographical features - such as edges, grain 
boundaries, etc. could occur.  Such segregation is ‘real’ and is revealed by 
BSE. The ‘edge effects’ observed in SE imaging are purely a consequence of 
sample topography on the physics of the imaging method. As has already 
been mentioned, preparing a truly flat sample is difficult. In this case, 
SE imaging can reveal differences in sample height but BSE imaging will 
tend to indicate compositional variations. You should also keep in mind 
channeling effects, arising from sample crystallography, which give rise 
to contrast variations unrelated to composition or topography. And while 
these are generally ‘bulk’, that is the whole grain has a contrast determined 
by orientation and crystallography, it is possible for crystal orientation to 
be distorted at grain boundaries, leading to contrast changes which could 
be interpreted as elemental segregation. To separate such effect, you need 
BSE images plus EDS mapping. Larry Stoter <larry@cymru.freewire.
co.uk> 15 Sep 2006 
SEM – Backscattered electron images

I am trying to understand what is happening with a set of BSE images. 
Your comments will be welcome! Below are links to two images. The first 
(1.5 Mb) shows two BSE images of a nickel based super alloy (Ni-Cr-Fe-Ti). 
Both were acquired using a 4-diode detector, 5 kV. beam, and as close to 
zero degrees tilt as I could set the stage. The top of the first image is in the 
“as polished” condition, the lower portion of the image is after a very light 
electro-etch. Notice the difference in channeling contrast. Z-contrast seems 
largely unaffected (e.g. Ti and Cr carbide inclusions). Perhaps the difference is 
from my inability to set exactly the same tilt, but they should be within a few 
degrees (or better) of the same value. Why the dramatic reversal of contrast 
for some grains? The second image is simply a 60 degree tilt SE image of the 
same general area to show relief of the carbides due to both polishing and the 
etch. Not much.  http://www.bwxt.com/operations/images/sem/126867_859.
jpg and http://www.bwxt.com/operations/images/sem/126866.jpg. Woody 

White <nwwhite@bwxt.com> 19 Sep 2006
What a great puzzler. Have you tried tilting on purpose? Perhaps going 

through a tilt series would be informative. One degree increments or even 
half a degree could show significant changes in grey level of some grains. 
John Chandler <jpchandl@mines.edu> 18 Sep 2006 

It looks as if the crystallographic contrast would dominate on chemical 
contrast. As John proposed, try with tilting. Channeling is very sensitive to 
small angle tilting, half a degree to a few degrees. If the contrast changes with 
so small angles, it’s channeling; then try with higher energy. And another 
question: I’ve never worked with a 4 sector BSE detector, but people from 
FEI talked me from artifacts arising on these. Can you work in two sector 
mode, combining the four sectors in two pairs? Try with different pairs. 
Maybe it helps to understand what happens. J. Faerber <jacques.faerber@
ipcms.u-strasbg.fr> 19 Sep 2006

Can you repeat these 2 images? If so, I’d suggest duplicating this, while 
being particularly careful of the conditions. That is, I have seen a BSED 
flip its BEI contrast for different beam currents. Which is still a question in 
my mind why it happened, but it did happen with a Cameca multichannel 
(5-pair) BSED, and I watched the BEI response flip in going from 15 to 
~20 nA. I thought at the time it must have been a fluke with the BEI video 
amplifier. On another note, can you play with the effect of tilt by rotating 
the stage? Michael Shaffer <michael@shaffer.net> 19 Sep 2006

I would suspect that the reason for the difference has more to do with 
the removal of the thin, amorphous layer left on the as-polished sample, 
but I must admit that the contrast reversal is dramatic. BSE can be very 
strange that way and I never get the same image contrast twice on the same 
sample. Try tilting slightly and watch it change, particularly when you are 
viewing channeling contrast on a homogenous, single-phase sample. Mary 
Mager <mager@interchange.ubc.ca> 19 Sep 2006
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