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APPARATUS, METHOD AND COMPUTER PROGRAM PRODUCT FOR DEFECT 
DETECTION IN WORK PIECES 

CROSS REFERENCE TO RELATED APPLICATIONS 

5 This application claims priority of US Provisional Application No. 62/088,284, filed on 

December 05, 2014 and of US Provisional Application No. 62/154,109, filed on April 28, 

2015, both of which applications are incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

The present invention refers to an apparatus for defect detection in work pieces. 

10 Furthermore, the present invention refers to a method for defect detection in work 

pieces. 

Additionally, the present invention refers to a computer program product disposed on a 

non-transitory computer readable medium, the product comprising computer executable 

process steps operable to control a computer for defect detection in work pieces. 

15 BACKGROUND OF THE INVENTION 

For example, US patent 6,339,337 B1 discloses an infrared ray test for a semiconductor 

chip. The test is conducted by irradiating an infrared ray onto a bottom surface of a 

semiconductor chip, receiving the infrared ray reflected from a bonding pad, and 

displaying the image of the bonding pad on a monitor. The image obtained from the 

20 infrared ray has information whether the bonding pad itself or a portion of the silicon 

substrate underlying the bonding pad has a defect or whether or not there is a deviation 

of the bonding pad with respect to the bump. 

Chinese utility model CN 2791639 (Y) discloses a detecting device, which is mainly 

used for detecting internal defects of semiconductor material of which the band gap is 

25 larger than 1.12eV. The detecting device for detecting internal defects of semiconductor 

material is composed of an optical microscope, an infrared CCD camera, video cable, a 
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simulation image monitor, a digital image collection card, a computer and analysis 

process and display software. 

Additionally, EP 2 699 071 A2 discloses an optoelectronic method for recording a heat 

diagram form the temperature distribution of land in which an infrared linescan system is 

5 used in an aircraft. The apparatus utilizes a rotary scanning mirror system receiving heat 

radiation through windows. The mirror system has four reflecting sides and is rotated 

about an axis by an electric motor. The radiation is directed by mirrors to an IR lens and 

thence to a row of optoelectronic receiver elements. The row of receiver elements is 

parallel to the axis of rotation of the mirror system, each receiver element being 

10 individually connected by a lead and an amplifying device to a corresponding one of a 

number of luminescent diodes. 

US Patent 8,154,718 B2 discloses a device to analyze micro-structured samples of a 

wafer. The aim of the device is to increase the possible uses of said devices, i.e. 

particularly in order to represent structural details, e.g. of wafers that are structured on 

15 both sides, which are not visible in VIS or UV because coatings or intermediate 

materials are not transparent. IR light is used as reflected light while creating 

transillumination which significantly improves contrast in the IR image, among other 

things, thus allowing the sample to be simultaneously represented in reflected or 

transmitted IR light and in reflected visible light. 

20 Typical defects are side cracks created by the dicing process or embedded cracks 

created by internal stress in the device between the dielectric layer and the silicon 

structure. 

Figure 1 shows a prior art method for finding side defects 9 in a semiconductor device 2 

by doing a four sided or a five sided inspection. The semiconductor device 2 has a first 

25 side face 3i, a second side face 32, a third side face 33, a fourth side face 34, a top face 

4 and a bottom face 5. In the setup of figure 1 a camera 6 with a lens 7 looks to the 

bottom face 5 of the semiconductor device 2. A mirror 8 is arranged under 45 degrees 

with each of the first side face 3i, the second side face 32, the third side face 33 and the 

fourth side face 34 of the semiconductor device 2, respectively. In figure 1 only the 
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mirrors 8 arranged with respect to the second side face 32 and the fourth side face 34 of 

the semiconductor device 2 are shown. 

The setup of figure 1 is used obtain an image 10 (see figure 2) of the first side face 3i, 

the second side face 32, the third side face 33, the fourth side face 34 and the bottom 

5 face 5, respectively. Additionally, the setup of figure 1 has significant drawbacks. The 

optical length 11 of the bottom face 5 view differs from the optical length 12 of the first 

side face 3i view, the second side face 32 view, the third side face 33 view and the fourth 

side face 34view. Therefore, the focus is always a trade-off between focus on the bottom 

face 5 of the semiconductor device 2 and focus on the first side face 3i, the second side 

10 face 32, the third side face 33 and the fourth side face 34, respectively. Additionally, the 

image resolution of the four-sided view requires a large field of view and this will limit the 

pixel resolution that can be used. For side views <10|jm there is no working setup 

available, even by using a high resolution camera of 20 or 25 megapixels. Therefore it is 

not possible to have good focus and a high resolution in order to discriminate a real 

15 defect from non-critical contamination. 

Figure 3 is another embodiment of a prior art set-up for detecting interior defects 9 (side 

defects) by looking onto the top face 4 of a semiconductor device 2. For detecting 

interior defects 9 (that are invisible from the outside) there is no solution for high volume 

inspection. There is a slow method by using IR light 13 and optics 14 and looking to the 

20 back face of the semiconductor device 2 ("IR back view"). A camera 6 detects the IR-

light 15 returning form the semiconductor device 2. A schematic representation of an 

image 16, obtained with the setup of figure 3 is shown in figure 4. The "IR back view" 

method with IR light 13 for detecting the interior defects 9 has drawbacks as well. First 

of all the method is slow. It only exists as manual, low volume method. If one wanted to 

25 automate this and make it faster there is an important limitation in the size and the 

number of pixels of the available IR cameras 6. Additionally, it only works for a limited 

set of devices where there is a bare silicon side to apply the IR light. An increasing 

number of devices have a coating to protect the device, which coating is not transparent 

for IR light. A further drawback is the signal to noise ratio. The top face 4 of the 

30 semiconductor device 2 will also create a reflection which makes it hard to distinguish a 

top defect from an interior defect 9. 
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This prior art method, described above, has significant drawbacks by inspecting five 

sides of a work piece (singulated semiconductor device). One drawback is the differing 

focusbetween the side face and the bottom face of the work piece. The optical length is 

different for bottom and side view, therefore the focus is always a trade-off between 

5 focus on the bottom of the work piece and focus on the edges (side faces) of the work 

piece. A further drawback is the image resolution. A view of the four side faces requires 

a large field of view and this will limit the pixel resolution that can be used. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an apparatus which makes it possible to detect 

10 side defects and internal defects in singulated work pieces with a high resolution and to 

distinguish between actual defects and contaminations on the faces of the work pieces. 

Additionally, the apparatus should have high throughput in order to do time-efficient 

quality control on such workpieces. 

The above object is achieved by an apparatus for defect detection in work pieces 

15 wherein the apparatus comprises: 

at least one light source for providing an illumination light of a wavelength range 

at which the work piece is transparent; 

a camera with a lens, for imaging the light from at least one face on the work 

piece on a detector of the camera; and 

20 a stage for moving the work piece and for imaging the at least one face of the 

work piece completely. 

The advantage of the inventive apparatus is that it possible to reliably detect side 

defects and internal defects in singulated work pieces, for example semiconductor 

devices, also known as die. The inventive apparatus can be used to do quality control 

25 on such work pieces with high throughput. 

It is a further object of the invention to provide a method for detecting side defects and 

internal defects in singulated work pieces at a high resolution, so that one can 
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distinguish between actual defects and contaminations on the faces of the work pieces. 

Additionally, the method should enable a high throughput in order to do quality control 

on such work pieces within a reasonable time. 

This object is achieved by a method for defect detection in work pieces, the method 

5 comprising: 

illuminating a portion of at least one face of the work piece with illumination light 

of a wavelength range at which the work piece is transparent; 

imaging light from the portion of the at least one face of the work piece on a 

detector of a camera; and 

10 carrying out a relative movement of a stage, which holds the work piece, and the 

camera, such that the at least one face of the work piece is imaged completely by the 

camera. 

The advantage of the inventive method is that it is possible to reliably detect side defects 

and internal defects in singulated work pieces, for example semiconductor devices, also 

15 known as die. The inventive method can be used to do quality control on such work 

pieces with high throughput. 

An object of the invention is as well to provide a computer program product disposed on 

a non-transitory computer readable medium to automatically detect side defects and 

internal defects in singulated work pieces (semiconductor devices) at a high resolution, 

20 so that one can distinguish between actual defects and contaminations on the faces of 

the work pieces. Additionally, the computer program should enable a high throughput in 

order to do quality control on such work pieces within a reasonable time. 

The above object is achieved by a computer program product disposed on a non-

transitory computer readable medium for defect detection in work pieces, the product 

25 comprising computer executable process steps operable to control a computer to: 

place the work piece on a stage; 

5 



WO 2016/090311 PCT/US2015/064100 

illuminate at least one face of the work piece with illumination light of a wavelength 

range at which the work piece is transparent; 

direct light, from the at least one face of the work piece, with an optical setup to at least 

one line sensor of a camera for imaging a line of light of the least one face of the work 

5 piece; 

move the stage, which holds the work piece, such that the at least one face of the work 

piece is imaged completely by the line sensor of the camera and is in the focus of the 

camera during the movement of the stage. 

Typical defects to be detected by the present invention are side cracks created by the 

10 dicing process of the work pieces or embedded cracks created by internal stress in the 

work piece. In case the work piece is a semiconductor device, the internal stress can 

exist for example between the dielectric layer and the silicon structure. It is noted that 

the invention (apparatus, method and computer program) is not restricted to 

semiconductor devices and is applicable for side and internal defects in general. 

15 Typically one would use infrared (IR) light to be able to penetrate through the silicon 

based semiconductor device, but the source of the light could change depending on the 

wavelength range for which the material of the work piece is transparent. 

According to an aspect of the present invention, the at least one light source is arranged 

such that the illumination light is directed to one side face of the work piece and the 

20 camera receives the light exiting form a further side face of the work piece. This further 

side face of the work piece is opposite to the side face of the work piece which receives 

the illumination light, in order to obtain back-light illumination. 

Another possibility is that the further side face of the work piece is oriented such to the 

side face of the work piece which receives the illumination light that a dark field image of 

25 the further side face is obtained. 

A further aspect of the invention is that the at least one light source is arranged such 

that the illumination light is directed to a top face of the work piece, and the camera 

receives the light shining out of the top face of the work piece. 
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An advantageous embodiment of the invention is, if the detector of the camera is a line 

sensor and the camera is configured as a line scan camera. In the new apparatus or 

method the use of a line scan camera, which is perpendicular to the side face of the 

work piece (semiconductor device) creates images by moving the work pieces on a 

5 X,Y,Theta-stage. Through the inventive optical setup it is possible to create a 

simultaneous view of at least a portion of the top face and at least one side face of the 

work piece. This optical setup allows for coaxial and external illumination as well, so the 

two modes can have the same or individual illumination. 

A lens of the camera images a line of light exiting from a side face of the work piece 

10 onto the line sensor. The exiting light originates from at least one light source arranged 

such that a back-light illumination is obtained. 

A stage, which holds the work piece, is moved along a scan direction, which is 

perpendicular to the line to be imaged. With the scanning motion a complete image of at 

least one of the side faces of the work piece is generated. 

15 It isalso possible that a lens of the camera images a line of light from at least a portion of 

a top face of the work piece onto the line sensor, wherein the line of light is positioned 

adjacent to one of the side faces of the work piece, and the at least one light source is 

arranged such that the light from the top face is coaxial to the light directed onto at least 

a portion of the top face of the work piece. In order to generate an image of at least a 

20 portion of the work piece, a stage, which holds the work piece, is moved along a scan 

direction, which is perpendicular to the line to be imaged. Accordingly, a complete image 

of the at least one portion of the top face is obtained. The portion of the top face is 

adjacent to at least one of the side faces of the work piece. 

The stage and the camera also can carry out a relative motion to capture, for example, 

25 the complete image of the respective face of the work piece. The scan of the respective 

face can be carried out with various speed profiles along the scan direction. A preferred 

embodiment is a constant velocity along the length of the respective face. The selection 

of a constant requires less software effort and provides best image quality. It is clear for 

a skilled person that the selection of a constant velocity does not block other speed 
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profiles. Another embodiment is an accelerated and decelerated speed during the scan. 

Here a higher capture rate is obtained at the edges and a lower capture rate in the 

center of the respective side face. 

According to an embodiment of the invention an optical setup is provided, which 

5 generates simultaneously an image of a line of light exiting from a side face of the work 

piece and an image of a line of light from a top face of the work piece. The image of the 

line of light from a top face is positioned adjacent to the line of light from the respective 

side face of the work piece. A front end of the optical setup carries a top mirror and a 

first and second bottom mirror. The top mirror captures an image of the line of light from 

10 a portion of the top face of the work piece. The first bottom mirror and the second 

bottom mirror capture an image of a line of light exiting from a side face of the work 

piece. The inventive optical setup is designed such that the image of a line of light 

exiting from a side face of the work piece and the image of a line of light from a top face 

of the work piece are in focus simultaneously. 

15 According to an embodiment of the invention, the light from at least one light source can 

be coupled seperately to one side face of the work piece and the top face of the work 

piece. 

It is advantageous that a light guide is positioned between the at least one light source 

and a top face and/or a respective side face of the work piece. 

20 The work piece can be a singulated semiconductor device. In this case, the wavelength 

range of the illumination light is the wavelength range of IR light, because silicon based 

semiconductor devices are transparent for IR light. 

The inventive apparatus has unique advantages. Two views can be combined. There is 

no need to take two images with a separate camera. By combining the two views 

25 information can be correlated during the image processing between the views leading to 

a higher capture rate for defects and a lower nuisance rate for noise. High resolution 

images are obtained by using the line scan camera. It is possible to create images with 

a higher resolution compared to normal matrix cameras. When using IR light one can 

find interior defects and/or improve the signal to noise ratio for specific defects. The top 
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view (image of a portion of the top face) may be done under an angle as well in order to 

create a darkfield-like inspection mode 

The inventive method shows advantageous effects, for example in case the work pieces 

are semiconductor devices. With the inventive method it is possible to create images of 

5 the defects by using IR light that travels through the semiconductor device under 

inspection and by looking directly at one side face of the semiconductor device. For both 

the light source and the camera a perpendicular setup (looking/shining straight to the 

edges) or an angular setup can be used. Because of the high refractive index of silicon 

(n = 3.5 for X = 1200nm) and the rough edge of the device almost all light will go into the 

10 device. While the rays will travel under small angles through the device they will exit the 

device at the other side face as a diffuse ray of lights. In this way the device itself acts 

like a diffuse illumination. 

The inventive method uses in one embodiment the physical characteristic of silicon 

(which is the base material for all semiconductor devices) that silicon becomes 

15 transparent for light with wavelengths above 1200nm. 

Based on this, the method builds further onto the "IR back view" but because the device 

itself acts like a diffuse illuminator the inventive method increases signal to noise and 

creates possibilities for fast inspection solutions. Typically, edge variations of the dicing 

process are smoothed out by the diffuse rays of lights. Material defects (like e.g. the 

20 crack which should be detected) will result in high contrast since that internal part of the 

semiconductor device will not receive light and will hence show as a dark part on the 

diffuse illuminating device. 

One important technical aspect of the present invention is that the edges of the 

semiconductor devices are not nice and clean (due to the dicing process of the 

25 semiconductor devices); therefore the light will not travel straight and predictably 

through the semiconductor devices but rather gets scrambled creating a diffuse 

illuminator. Another important technical aspect is that by looking only at the side face, 

the area to inspect becomes factors smaller than by looking at the whole device (be it 

with the "IR back view" or the "5 sided solution") and this creates opportunities to 
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increase the resolution (capture smaller defects) and do faster inspection (because 

images can still be a lot smaller than for the other methods). 

According to an embodiment the illumination light is applied on one side face of the 

semiconductor device; since the edges are bare silicon (from the dicing process) the 

5 light propagates through the semiconductor device. Since the edge of the device is 

rough (due to the dicing process), light rays will not travel straight through the device. 

When, reaching the other side face of the semiconductor device, the rays incident under 

a small angle (approx. < 17deg) will get transmitted outside the semiconductor device. 

Rays with angles +/- 90 degree make the edge of semiconductor device shine like a 

10 diffuse illuminator. However, when reaching an interior defect or a side crack the normal 

light propagation is blocked resulting in 'defective' part in the diffuse illuminating device 

and hence a high contrast dark blob in the camera image. The crack is typically a 

disturbance in the silicon structure. At this disturbance the light is reflected and does not 

propagate. Because of this the camera will see no light coming through at this location. 

15 Another embodiment for carrying out the inspection of the semiconductor device uses 

the same principles. Here the IR - light shines through the semiconductor device in 

order to provide an "angular side view". IR light is sent into the sample under an angle. 

Interior cracks block light and change the normally diffuse illumination from the rough 

edge. The angular side view offers a large resolution but still makes fast inspection 

20 possible. Each internal or side defect appears bigger and with higher contrast as such 

defects block normal internal light propagation. The diffuse IR light shining out of the 

semiconductor device has a reduced response to external contamination and hence 

increases the signal to noise ratio for the real defects. 

When moving the focus inside the semiconductor device one can resolve interior defects 

25 further away from the edge. This way one can even scan through the complete 

semiconductor device. 

According to the inventive method, the illumination light of the at least one light source is 

directed to one side face of the work piece. Light exiting from a further side face of the 

work piece is imaged with the camera. It is preferred that the camera images the light 
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exiting from the further side face of the work piece onto a line sensor by means of a 

lens. 

Another embodiment of the invention is that the illumination light of the at least one light 

source is directed to a top face of the work piece. The camera images the light shining 

5 out of the top face of the work piece by means of a lens. It is preferred that the camera 

images the light exiting from the top face of the work piece onto a line sensor by means 

of a lens. 

A further embodiment of the invention is that with an optical setup a line image of light 

exiting from a side face of the work piece and a line image of light from a portion of a top 

10 face of the work piece are simultaneously generated. The portion of the top face to be 

detected is positioned adjacent to the respective side face of the work piece. 

According to one embodiment of the inventive method, there is one possibility for 

moving a stage for imaging at least two side faces and the respective portion of the top 

face of the work piece. The inventive method comprises: 

15 a) carrying out a linear, relative movement between the stage with the work piece 

and the camera, so that an image plane of the camera is parallel to one of the 

side faces; 

b) rotating the stage with the work piece; and 

c) repeating steps a) and b) until all side faces of the work piece are imaged by 

20 the camera. 

The linear, relative movement between the stage and the camera can be realized by a 

linear movement of the camera only. The linear movement of the camera is oriented in 

opposite directions between the rotating steps. 

According to a further embodiment of the inventive method, there is one possibility for 

25 moving a stage for imaging at least two side faces and the respective portion of the top 

face of the work piece. The inventive method comprises: rotating the stage and in 

parallel carrying out a movement of the stage in the X/Y -plane, such that a focus point 
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of the camera is kept on the respective side face during the rotational movement of the 

stage. 

According to a further aspect of the invention, a computer program product is provided 

which is disposed on a non-transitory computer readable medium for defect detection in 

5 work pieces, the product comprising computer executable process steps operable to 

control a computer to: 

place the work piece on a stage; 

illuminate at least one face of the work piece with illumination light of a wavelength 

range at which the work piece is transparent; 

10 direct light from the at least one face of the work piece to at least one line sensor of a 

camera by means of an optical setup, for imaging a line of light of the least one face of 

the work piece; and 

move a stage, which holds the work piece, such that the at least one face of the work 

piece is imaged completely by the line sensor of the camera and is in focus of the 

15 camera during the movement of the stage. 

As already mentioned above, according to one embodiment of the inventive method a 

line scan camera is used, which is perpendicular to the side face of the semiconductor 

device. Images are created by moving the semiconductor devices on a X,Y,Theta-stage. 

Through a custom optics a simultaneous view is created of at least a portion of the top 

20 face and a side face of the semiconductor device. This optical setup also allows for 

coaxial and external illumination, so the two modes can have the same or individual 

illumination. The line scan camera setup guarantees high resolution images which would 

be impossible by an area scan camera. By combining the two views of the at least one 

side face and the top face, the images contain much more information to extract the 

25 exact location and origin of the defects in the semiconductor device. By the integration 

on a moving stage setup, a high speed inspection can still be obtained although one 

receives two high resolution views. 
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The embodiment with the camera with the line sensor has unique advantages. Two 

views are combined and consequently there is no need to take two images with a 

separate camera. And by combining the two views information can be correlated during 

the image processing between the views leading to a higher capture rate for defects and 

5 a lower nuisance rate for noise. By using the line scan camera it is possible to create 

images with a higher resolution compared to normal matrix cameras. 

The semiconductor devices, which are subjected to inspection, are typically used in 

mobile devices. The side cracks mentioned in the description above lead to customer 

returns entailing high costs for the device manufacturers, who thus are under a lot of 

10 pressure from their customers to do automated inspection and detect these side defects. 

Moreover, devices with such defects might still pass electrical tests, but often become 

early failures in the field (e.g. when the mobile phone is dropped). As explained, it is 

clear that the current methodologies are inadequate since they still miss defects in the 

semiconductor device (which are a risk for customer returns) while they reject good 

15 devices by triggering on non-important defects (which leads to a loss of money for the 

manufacturer). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Below, the invention and its advantages will be further described with reference to the 

accompanying figures in which: 

20 Fig. 1 is a prior art set-up for detecting interior defects by looking at the sides of a 

semiconductor device; 

Fig. 2 is a schematic representation of an image obtained by the set-up shown in 

Fig. 1; 

Fig. 3 is a prior art set-up for detecting interior defects by looking onto the top 

25 surface of a semiconductor device; 

Fig. 4 is a schematic representation of an image obtained by the set-up shown in 

Fig. 3; 
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Fig. 5 is a schematic representation of an arrangement for carrying out inspection of 

the semiconductor device with IR illumination in side view with back-light 

illumination; 

Fig. 6 is a schematic representation of an arrangement for carrying out inspection of 

5 the semiconductor device with IR illumination in side view with a dark field 

illumination; 

Fig. 7 is a schematic representation of an arrangement for carrying out inspection of 

the semiconductor device with IR illumination in angular side view with back­

light illumination; 

10 Fig. 8 is a schematic representation of an arrangement for carrying out edge 

inspection of a semiconductor device with IR illumination in side view and a 

scanning motion of the semiconductor device; 

Fig. 9 is a schematic representation of an arrangement for carrying out edge 

inspection of a semiconductor device with IR illumination in top view and a 

15 scanning motion of the semiconductor device; 

Fig. 10 is an embodiment of an arrangement for carrying out the side view and the 

top view of the semiconductor device, simultaneously; 

Fig. 11 is a perspective view of the arrangement for carrying out a side view of one 

side face of the semiconductor device; 

20 Fig. 12 is a detailed view of an opto-mechanical integration of the side view and top 

view inspection of the semiconductor device; 

Fig. 13A - 13E is a schematic representation of an embodiment of a linear and 

rotational scanning mode of the semiconductor device; and 

Fig. 14A- 14F is a schematic representation of an embodiment of a combined 

25 linear and rotational scanning motion of the semiconductor device; 

DETAILED DESCRIPTION OF THE INVENTION 
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In the figures like reference numerals are used for like elements or elements of like 

function. Furthermore, for the sake of clarity, only those reference numerals are shown 

in the figures which are necessary for discussing the respective figure. The methods and 

apparatus described herein may be employed advantageously in conjunction with IR-

5 light for defect inspection in semiconductor devices. Typically one would use IR light to 

be able to penetrate through the silicon of the semiconductor device. In other 

embodiments of the invention the wavelength of the light source could change. The only 

prerequisite is that the material of the work piece (semiconductor device) under 

inspection must be transparent for the wavelength range used. The description below 

10 refers to semiconductor devices, which should not be understood as a limitation of the 

invention. As is clear for a skilled person, the principles and ideas of the present 

invention are applicable to any inspection of internal or side defects of work pieces. The 

application of the present invention to semiconductor devices should not be regarded as 

a limitation. 

15 Figure 5 shows a schematic representation of an arrangement 20 for carrying out 

inspection of the semiconductor device 2 with IR light 13. The arrangement 20 is in side 

view with back-light illumination. The IR light 13 generated by a light source 18 impinges 

perpendicularly on one selected side face 3i, 32, 33 or 34 of the semiconductor device 2. 

It is also possible that the IR light 13 is not collimated and does not impinge 

20 perpendicularly on one selected side face 3i, 32, 33 or 34 of the semiconductor device 2. 

With the arrangement 20 shown here it is possible to create images of the defects 9 by 

using IR light 13 that travels through the semiconductor device 2. The advantage of the 

use of IR light 13 is that one can find interior defects 9 and/or improve the signal to noise 

ratio for specific defects 9 of the semiconductor device 2. 

25 The camera 6 looks with its lens 7 directly at one selected side face 3i, 32, 33 or 34 of the 

semiconductor device 2. Because of the high refractive index of the silicon (n = 3.5 for X 

= 1200nm) and the rough side face 3i, 32, 33 or 34 (edge) of the semiconductor device 2 

device almost all the IR light 13 will enter the semiconductor device 2. While the rays of 

the IR light 13 will travel under small angles through the semiconductor device 2, they 

30 will exit at the opposite side face 3i, 32, 33 or 34 as a diffuse ray 21 of light. In this way 

the semiconductor device 2 itself acts like a diffuse illuminator. However, when reaching 
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an interior defect 9 or a side crack the normal light propagation is blocked resulting in a 

'defective' part in the diffuse illumination. The blocking of the IR light 13 is represented 

by a dashed arrow 22. The lens 7 and the camera 6 image the side face 3i, 32, 33 and 

34, respectively and the interior defect 9 appears as a high contrast dark section in the 

5 camera image. The crack or the interior defect 9 is typically a disturbance in the silicon 

structure of the semiconductor device 2. At this disturbance the IR light 13 is reflected 

and does not propagate. Because of this, a detector 26 in the camera 6 will see no light 

coming through at the location of the interior defect 9. 

Another embodiment of the arrangement 20 for carrying out inspection of the 

10 semiconductor device 2 with IR light 13 is shown in Figure 6. Here, the inspection of the 

semiconductor device 2 is carried out with IR light 13 from the light source 18. The 

camera 6 with the lens 2 is arranged such that the camera 6 registers a dark field image 

of the respective side face 3i, 32, 33 or 34 of the semiconductor device 2. At the second 

face 32 a direction 23 of IR-light propagation is perpendicular to an optical axis 24 of the 

15 lens 7 of the camera 6. 

A further embodiment of the inventive arrangement 20 is shown in Figure 7. The IR light 

13 is sent from the light source 18 to the top face 4 of the semiconductor device 2 and 

into the semiconductor device 2 under an angle a. The IR-light 13 propagates through 

the semiconductor device 2 and is focused on one of the side faces 3i, 32, 33 and 34 of 

20 the semiconductor device 2, respectively. The interior cracks or defects 9 block the IR-

light 13 and change the normally diffuse illumination from one of the rough side faces 3i, 

32, 33 and 34 (see Fig. 5). The arrangement shown in Fig. 7 offers large resolution but 

still makes fast inspection of one of the side faces 3i, 32, 33 and 34 of the semiconductor 

device 2 (here the fourth side face 34 is inspected) possible. Every internal or side defect 

25 9 appears bigger and higher in contrast in the image taken by camera 6 as such defects 

block normal internal light propagation. A diffuse IR-light 33 shining out the 

semiconductor device 2 has a reduced response to external contamination of 

semiconductor device 2 and hence increases the signal to noise ratio for the real defects 

9. 
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As an advantageous alternative, one can move the focus of the IR-light 13 inside the 

semiconductor device 2, so that one can resolve interior defects 9 further away from the 

side faces 3i, 32, 33 and 34 of the semiconductor device 2. Accordingly, one can even 

scan through the complete semiconductor device 2. 

5 Figure 8 shows a schematic representation of a further embodiment an arrangement 20 

of the present invention. The camera 6 has a line sensor 36 and the lens 7 images a line 

35 of one of the side face 3i, 32, 33 or 34 on the line sensor 36. The camera 6 is 

configured as a line scan camera. The camera 6 is moved along a scan direction 37. 

The movement can be achieved by a relative motion between the respective side face 

10 3-i, 32, 33 or 34 of the semiconductor device 2 and the camera 6 along the scan direction 

37, which is perpendicular to the line 35 to be imaged on the line sensor 36. The relative 

motion between the respective side face 3i, 32, 33 or 34 of the semiconductor device 2 

and the camera 6 should not be regarded as a limitation of the invention. It is clear that 

also only the camera or only the semiconductor device can be moved. 

15 The semiconductor device 2 is positioned on a X, Y, Theta-stage (not shown here). The 

X, Y, Theta-stage is moved such that images of all four side faces 3i, 32, 33 or 34 are 

created with the line sensor 36 of the camera 6. In the embodiment shown here, the 

semiconductor device 2 is composed of a bulk semiconductor layer 40 (BSL), which 

isoptional, silicon substrate 41, a dielectric layer 42 and a metal layer 43. With the line 

20 scan camera setup high resolution images are possible which would be impossible with 

an area scan camera. For the side view (analog to the arrangement of Fig. 5) external 

IR-light 13 is shining from the light source 18 through the semiconductor device 2 (die). 

The IR-light 13 comes from one side face 3i, 32, 33 or 34 of the semiconductor device 2 

and is captured at the opposite side face 3i, 32, 33 or 34 of the semiconductor device 2 

25 by the line scan camera 6. A high resolution image is created from each side face 3i, 32, 

33 or 34 of the semiconductor device 2. In order to shine through the semiconductor 

device 2, a wavelength range is used for which the semiconductor device 2 is 

transparent. For a typical semiconductor device 2 (or die) this will be IR light 13. 

Figure 9 shows is a schematic representation of an arrangement 20 for carrying out 

30 edge inspection of a semiconductor device 2 with IR illumination in side view and a 
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scanning motion of the semiconductor device 2. Here the camera 6 has as well a line 

sensor 36 and the lens 7 images a line 35 of the top face 4 close to one of the side 

faces 3-i, 32, 33 or 34 on the line sensor 36. A beam splitter 27 directs the IR-light 13 from 

the light source 18 onto the top face 4 of the semiconductor device 2. Coaxial returning 

5 IR light 34 from the top face 4 of the semiconductor device 2 is captured by the line 

sensor 36 of the camera 6. Again the movement of the semiconductor device 2 along 

the scan direction 37 is perpendicular to the line 35 which is imaged on the line sensor 

36 of the camera 6. The movement of the semiconductor device 2 enables the creation 

of a top view of an edge portion 30 of the top face 4 of the semiconductor device 2 at 

10 one of the side faces 3i, 32, 33 or 34. In Fig. 4 the edge portion 30 of the top face 4 is 

adjacent to the fourth side face 34 of the semiconductor device 2. 

The embodiment shown in Figure 10 shows an arrangement 20 for carrying out side 

view and top view inspection of the semiconductor device 2, simultaneously. A special 

optical setup 25 is provided which allows a simultaneous view on the top face 4 and one 

15 of the side faces 3i, 32, 33 or 34 of the semiconductor device 2. This optical setup 25 

also allows for illumination of the top face 4 (coaxial illumination) and for illumination of 

one of the side faces 3i, 32, 33 or 34 (external illumination) of the semiconductor device 

2. The two illumination modes (coaxial and external illumination) can have the same 

light source or individual light sources. 

20 By combining the view on the top face 4 and one of the side faces 3i, 32, 33 or 34 of the 

semiconductor device 2, the images of the top face 4 and the side faces 3i, 32, 33 or 34 

contain much more information in order to extract the exact location and origin of the 

defects. By integration on a moving stage setup, high speed inspection can still be 

obtained although with two high resolution views. 

25 Through the arrangement 20 and the special optical setup 25, as shown in Figure 10, it 
is possible to create a simultaneous view of the edge portion 30 (see Fig. 9) of the top 

face 4 and one side face 3i, 32, 33 or 34 of the semiconductor device 2. Additionally, two 

individual line sensors 36 are provided. One is used for capturing the image of a portion 

of the top face 4 and the other is used to capture an image of one of the side faces 3i, 

30 32, 33 or 34 which is neighboring the top face 4. 
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According to the embodiment shown here, light guides 50 are used for transporting the 

IR-light 13. The light guides 50 are positioned as close as possible to the semiconductor 

device 2 in order to illuminate the edge portion 30 of the top face 4 and one of 

neighboring the side faces 3i, 32, 33 or 34 with the IR-light 13. 

5 Figure 11 shows a perspective view of the apparatus for carrying out a side view of at 

least one of the side faces 3i, 32, 33 or 34 of the semiconductor device 2. The 

semiconductor device 2 (not shown here) is placed on a hold with a chuck 45. The 

chuck 45 is mounted on a theta stage 38, which can be moved linearly at least in the X-

coordinate direction X and the Y-coordinate direction Y. In addition a tilt is possible as 

10 well. A linear movement in the Z-coordinate direction Z can be integrated as well. A light 

source 18 directs the illumination light 13 to the semiconductor device 2 on the chuck 

45. In the embodiment shown here, the light source 18 is arranged such that one side 

face 3-i, 32, 33 or 34 of the semiconductor device 2 is illuminated. The arrangement of the 

light source 18 is called backlight arrangement. 

15 Opposite the light source 18 the arrangement 20 with the optical setup 25 is arranged in 

order to receive the light exiting one side face 3i, 32, 33 or 34 of the semiconductor 

device 2 which is opposite the illuminated side face 3i, 32, 33 or 34 of the semiconductor 

device 2. The optical setup 25 is positioned at the front end 39 of the arrangement 20. 

The arrangement 20 is connected to a computer 32 which receives the image data from 

20 the arrangement 20. Additionally, the computer 32 is connected to a control 31 for 

moving the stage 38, so that the respective side face 3i, 32, 33 or 34 is scanned by the 

arrangement 20. 

A detailed view of the optical setup 25 of the arrangement 20 is shown in Figure 12. The 

optical setup 25 allows a simultaneous side view and top view inspection of the 

25 semiconductor device 2. In the embodiment shown here the optical setup 25 generates 

simultaneously an image of a line of light exiting a side face 3i, 32, 33 or 34 of the 

semiconductor device 2 and an image of a line of light from at least a portion of a top 

face 4 of the semiconductor device 2. As already previously described the line of light 

from a top face 4 is positioned adjacent to the line of light of the respective side face 3i, 

30 32, 33 or 34 of the semiconductor device 2. A front end 39 of the optical setup 25 carries 
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a top mirror 51, a first bottom mirror 52, and a second bottom mirror 53. The top mirror 

51 captures an image of the line of light from a portion of the top face 4 of the 

semiconductor device 2. The first bottom mirror 52 and the second bottom mirror 53 are 

arranged such at the front end 39 of the optical setup 25 that they can capture an image 

5 of a line of light exiting from a side face of the semiconductor device 2. The optical setup 

25 is designed such that the image of a line of light, exiting from a side face 3i, 32, 33 or 

34 of the semiconductor device 2 and the image of a line of light from a top face 4 of the 

semiconductor device 2 are simultaneously in focus. The optical light coupling is in such 

a way that an optical path 54 via the top mirror 51 and an optical path 55 via first bottom 

10 mirror 52 and second bottom mirror 53 can be lighted separately. 

The process to inspect the four side faces 3i, 32, 33 and 34 and/or the edge portion 30 of 

the top face 4 is shown in Figures 13A to 13E. In case one inspects the four side faces 

3-i, 32, 33 and 34 and the edge portion 30 of the top face 4 neighboring the respective 

side face 3i, 32, 33 or 34 one gets a combined side and top view image. The stage 38 

15 carries out a motion profile as described in the embodiment of Fig. 13A to 13E. In 

Figure 13Athe semiconductor device 2 is placed on the stage 38. As described above 

the semiconductor device 2 can be held as well by a chuck (not shown here), which 

itself is mounted on the stage 38 (theta stage). 

In Figure 13B the first side face 3i is parallel to an image plane 44 of the camera 6. A 

20 linear, relative movement 46 is carried out between the stage 38 with the semiconductor 

device 2 and the camera 6. During the movement 46 the image plane 44 of the camera 

6 remains parallel to the first side face 3-i. After the scanning of the first side face 3i is 

finalized, the stage 38 is rotated by 90° in the clockwise direction, so that the second 

side face 32 of the semiconductor device 2 is parallel to the image plane 44 of the 

25 camera 6 (see Fig. 13C). As shown in Figure 13C an opposite, linear, relative 

movement 46 is carried out between the stage 38 with the semiconductor device 2 and 

the camera 6. During the movement 46 the image plane 44 of the camera 6 is parallel to 

the second side face 32. After the scanning of the second side face 32 is finalized, the 

stage 38 is rotated by 90° so that the third side face 33 of the semiconductor device 2 is 

30 parallel to the image plane 44 of the camera 6 (see Fig. 13D). As shown in Figure 13D 

a linear, relative movement 46 is carried out between the stage 38 with the 
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semiconductor device 2 and the camera 6. During the movement 46 the image plane 44 

of the camera 6 is parallel to the third side face 33. After the scanning of the third side 

face 33 is finalized, the stage 38 is rotated by 90° so that the fourth side face 34 of the 

semiconductor device 2 is parallel to the image plane 44 of the camera 6 (see Fig. 13E). 

5 As shown in Figure 13E, an opposite, linear, relative movement 46 is carried out 

between the stage 38 with the semiconductor device 2 and the camera 6. During the 

movement 46 the image plane 44 of the camera 6 is parallel to the fourth side face 34. 

As described above, the arrangement 20 and special optical setup 25(?) enable as well 

image capture of an edge portion 30 of the top face 4 of the semiconductor device 2, 

10 wherein the edge portion 30 (see Fig. 9) of the top face 4 is adjacent the respective side 

face 3-i, 32, 33 or 34 of the semiconductor device 2. 

An additional embodiment of the process for scanning at least the four side faces 3i, 32, 

33 and 34 of the semiconductor device 2 is shown in Figures 14A to 14F. The 

movement of the stage (not shown here) and the semiconductor device 2, respectively, 

15 is composed of a rotational movement 56 around the center 58 of the semiconductor 

device 2 and a linear movement 57 of the semiconductor device 2 in the X/Y -plane, 

defined by the X-coordinate direction X and the Y-coordinate direction Y. Figure 14A 
shows the starting point of the process to scan the four side faces 3i, 32, 33 and 34 of the 

semiconductor device 2. A focus point 59 of the camera (not shown here) is on the first 

20 side face 3-i. Figure 14B shows the beginning of the rotational movement 56. The center 

58 of the semiconductor device 2 is subjected to the movement 57 in the X/Y -plane 

simultaneously, so that the focus point 59 remains on the first side face 3i during the 

rotational movement 56. Figures 14C to 14E show various stages of the rotational 

movement 56 of the semiconductor device 2, wherein the focus point 59 remains on the 

25 second side face 32 during the rotational movement 56. Figure 14F shows the situation 

that the focus point 59 has reached the third side face 33 and is kept on the third side 

face 33 during the rotational movement 56 of the semiconductor device 2. 

The computer 32, as shown in figure 11, coordinates the rotational movement 56 and 

the simultaneous movement 57 in the X/Y -plane, so that after a rotation of 360° of the 

30 semiconductor device 2 all four side faces 3i, 32, 33, and 34 have been imaged by the 
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arrangement 20. Furthermore, the computer 32 makes sure that the focus point 59 is 

maintained on all four side faces 3i, 32, 33, and 34 during the full 360° rotation, so that a 

high quality image of all four side faces 3i, 32, 33, and 34 is obtained. 

It is believed that the apparatus, the method and computer program of the present 

5 disclosure and many of its attendant advantages will be understood by the foregoing 

description, and it will be apparent that various changes may be made in the form, 

construction and arrangement of the components without departing from the disclosed 

subject matter or without sacrificing all of its material advantages. The form described is 

merely explanatory. 

10 In the above description, numerous specific details are given to provide a thorough 

understanding of embodiments of the invention. However, the above description of 

illustrated embodiments of the invention is not intended to be exhaustive or to limit the 

invention to the precise forms disclosed. One skilled in the relevant art will recognize 

that the invention can be practiced without one or more of the specific details, or with 

15 other methods, components, etc. In other instances, well-known structures or 

operations are not shown or described in detail to avoid obscuring aspects of the 

invention. While specific embodiments of, and examples for, the invention are described 

herein for illustrative purposes, various equivalent modifications are possible within the 

scope of the invention, as those skilled in the relevant art will recognize. 

20 These modifications can be made to the invention in light of the above detailed 

description. The terms used in the following claims should not be construed to limit the 

invention to the specific embodiments disclosed in the specification and the claims. 

Rather, the scope of the invention is to be determined by the following claims, which are 

to be construed in accordance with established doctrines of claim interpretation. 

25 
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List of Reference Numerals: 

2 work piece, semiconductor device 

31 first side face 

32 second side face 

5 33 third side face 

34 fourth side face 

4 top face 

5 bottom face 

6 camera 

10 7 lens 

8 mirror 

9 defect, interior defect 

10 image 

11 optical length 

15 12 optical length 

13 IR light, illumination light 

14 optics 

15 returning IR-light 

16 schematic image 

20 18 light source 

19 defect 

20 arrangement 

21 diffuse ray 

22 dashed arrow 
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25 
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27 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

50 

51 
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direction of light propagation 

optical axis 

special optical setup 

detector 

beam splitter 

edge portion 

control 

computer 

diffuse IR-light 

returning IR-light 

line 

line sensor 

scan direction 

stage, theta stage 

front end 

bulk semiconductor layer 

silicon substrate 

dielectric layer 

metal layer 

image plane 

chuck 

linear relative movement 

light guide 

top mirror 
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53 

54 

55 

56 

57 

58 

59 

X 

Y 

Z 
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first bottom mirror 

second bottom mirror 

optical path 

optical path 

rotational movement (Vorsicht in Fig. 10) 

movement 

center 

focus point 

X-coordinate direction 

Y-coordinate direction 

Z-coordinate direction 

angle 
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Claims: 

1. An apparatus for defect detection in work pieces comprises: 

at least one light source for providing an illumination light of a wavelength range at 

5 which the work piece is transparent; 

a camera with a lens, for imaging light from at least one face of the work piece on a 

detector of the camera; and 

a stage for moving the work piece and for imaging the at least one face of the work 

piece completely. 

10 2. The apparatus as claimed in claim 1, wherein the at least one illumination source is 

arranged such that the illumination light is directed to one side face of the work piece 

and the camera receives the light exiting from a further side face of the work piece. 

3. The apparatus as claimed in claim 2, wherein the further side face of the work 

piece is opposite the side face of the work piece which receives the illumination light in 

15 order to obtain back-light illumination. 

4. The apparatus as claimed in claim 2, wherein the further side face of the work 

piece is oriented such to the side face of the work piece which receives the illumination 

light that a dark-field image of the other side face is obtainable. 

5. The apparatus as claimed in claim 1, wherein the at least one illumination source is 

20 arranged such that the illumination light is directed to a top face of the work piece and 

the camera receives the light shining out of the top face of the work piece. 

6. The apparatus as claimed in claim 1, wherein the detector of the camera is a line 

sensor and the camera is configured as a line scan camera. 

7. The apparatus as claimed in claim 6, wherein a lens of the camera images a line 

25 of light exiting from a side face of the work piece onto the line sensor, wherein the 
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exiting light originates from at least one illumination source arranged such that a back­

light illumination is obtained. 

8. The apparatus as claimed in claim 7, wherein a stage, which holds the work 

piece, is moved along a scan direction which is perpendicular to the line to be imaged, 

5 such that a complete image of at least one of the side faces of the work piece is 

generated. 

9. The apparatus as claimed in claim 6, wherein a lens of the camera images a line 

of light from at least a portion of a top face of the work piece onto the line sensor, 

wherein the line of light is positioned adjacent to one of the side faces of the work piece 

10 and the at least one light source is arranged such that the light from the top face is 

coaxial to the light directed onto the top face of the work piece. 

10. The apparatus as claimed in claim 9, wherein a stage, which holds the work 

piece, is moved along a scan direction, which is perpendicular to the line to be imaged, 

such that a complete image of a portion of the top face, adjacent to at least one of the 

15 side faces of the work piece, is generated. 

11. The apparatus as claimed in claim 6, wherein an optical setup is provided to 

generate simultaneously an image of a line of light exiting from a side face of the work 

piece and an image of a line of light from a top face of the work piece, wherein the line 

of light from the top face is positioned adjacent to the line of light of the respective side 

20 face of the work piece. 

12. The apparatus as claimed in claim 11, wherein a front end of the optical setup 

carries a top mirror and a first bottom mirror and a second bottom mirror, the top mirror 

captures an image of the line of light from a portion of the top face of the work piece and 

the first bottom mirror and the second bottom mirror capture an image of a line of light 

25 exiting from a side face of the work piece. 

13. The apparatus as claimed in claim 11, wherein the optical setup is designed such 

that the image of a line of light exiting from a side face of the work piece and the image 

of a line of light from a top face of the work piece are simultaneously in focus. 
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14. The apparatus as claimed in claim 11, wherein light from at least one light source 

can be coupled seperately to one side face of the work piece and the top face of the 

work piece. 

15. The apparatus as claimed in claim 1, wherein a light guide is positioned between 

5 the at least one light source and a top face and/or a respective side face of the work 

piece. 

16. The apparatus as claimed in claim 1, wherein the work piece is a singulated 

semiconductor device. 

17. The apparatus as claimed in claim 16, wherein the wavelength range of the 

10 illumination light is the wavelength range of IR light. 

18. A method for defect detection in work pieces, the method comprising: 

illuminating a portion of at least one face of the work piece with illumination 

light of a wavelength range at which the work piece is transparent; 

imaging light from the portion of the at least one face of work piece on a 

15 detector of a camera; and 

carrying out a relative movement of a stage, which holds the work piece and 

the camera, such that the at least one face of the work piece is imaged completely 

by the camera. 

19. Method of claim 18, further comprising: 

20 directing the illumination light of the at least one light source to one side face of the 

work piece; and 

imaging with the camera light exiting from a further side face of the work piece. 

20. Method of claim 19, wherein the camera images the light exiting from the further 

side face of the work piece onto a line sensor by means of a lens. 

25 
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21. Method of claim 18, further comprising: 

directing the illumination light of the at least one light source to a top face of the 

work piece; and 

imaging with the camera light shining out of the top face of the work piece. 

5 22. Method of claim 21, wherein the camera images the light exiting from the top face 

of the work piece onto a line sensor by means of a lens. 

23. Method of claim 18, further comprising: 

providing the camera with a line sensor; and 

generating simultaneously with an optical setup a line image of light exiting from a 

10 side face of the work piece and a line image of light from a portion of a top face of 

the work piece, wherein the portion of the top face is positioned adjacent to the 

respective side face of the work piece. 

24. Method of claim 23, wherein a front end of the optical setup carries a top mirror 

and two bottom mirrors, the top mirror captures the line image of light from a 

15 portion of the top face of the work piece and the two bottom mirrors capture a line 

image of light exiting from a side face of the work piece. 

25. Method of claim 23, wherein the optical setup is designed such that the line image 

captured from the side face of the work piece and line image of the portion of the 

top face of the work piece are simultaneously in focus. 

20 26. Method of claim 18, further comprising: 

coupling light from at least one light source seperately to one side face of the work 

piece and the top face of the work piece. 

27. Method of claim 18, wherein a light guide is positioned between the at least one 

light source and a top face and/or a respective side face of the work piece 
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28. Method of claim 18, the moving a stage for imaging at least two side faces and the 

portion of the respective top face further comprising: 

a) carrying out a linear, relative movement between the stage with the work piece 

and the camera so that an image plane of the camera is parallel to one of the 

5 side faces; 

b) rotating the stage with the work piece; and 

c) repeating step a) and b) until all side faces of the work piece are imaged by the 

camera 

29. Method of claim 28, wherein the linear, relative movement between the stage and 

10 the camera is realized by a linear movement of the camera only and the linear 

movement of the camera is oriented in opposite directions between the rotating 

steps. 

30. Method of claim 18, the moving a stage further comprising: rotating the stage and 

in parallel carrying out a movement of the stage in the X/Y -plane, such that a 

15 focus point of the camera is kept during the rotational movement of the stage on a 

respective side face. 

31. Method of claim 18, wherein the work piece is a semiconductor device. 

32. Method of claim 31, wherein the wavelength range of the illumination light is the 

wavelength range of IR light. 

20 33. An apparatus for defect detection in work pieces comprises: 

at least one light source for providing an illumination light of a wavelength range at 

which the work piece is transparent, wherein the at least one light source is arranged 

such that the illumination light enters the work piece at one side face; 

a camera with a lens, for imaging the light exiting from a further side face of the 

25 work piece on a line sensor of the camera; 
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a chuck for holding the work piece; 

a stage for carrying the chuck; and 

a control connected to a computer for providing a relative movement between the 

stage with the work piece and the camera for imaging the at least one side face of the 

5 work piece completely. 

34. The apparatus as claimed in claim 33, wherein the stage is moved such that a 

focus of the camera is on the respective side face during the entire movement of the 

stage. 

35. The apparatus as claimed in claim 33, wherein the further side face of the work 

10 piece is opposite the side face of the work piece which receives the illumination light in 

order to obtain back-light illumination. 

36. The apparatus as claimed in claim 33, wherein the further side face of the work 

piece is oriented such to the side face of the work piece which receives the illumination 

light that a dark field image of the further side face is obtainable. 

15 37. The apparatus as claimed in claim 33, wherein a light guide is used to guide the 

illumination light from the at least one light source to the respective side face of the work 

piece. 

38. The apparatus as claimed in claim 33, wherein the work piece is a singulated 

semiconductor device. 

20 39. The apparatus as claimed in claim 38, wherein the wavelength range of the 

illumination light is the wavelength range of IR light. 

40. An apparatus for defect detection in work pieces comprises: 

at least one light source for providing an illumination light of a wavelength range 

at which the work piece is transparent, wherein the at least one light source is arranged 

25 such that the illumination light is directed to a top face of the work piece; 
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a camera with a lens, for imaging the light shining out of the top face of the work 

piece on a line sensor of the camera;; 

41. The apparatus as claimed in claim 40, wherein the at least one light source is 

arranged such that the light from the top face is coaxial to the light directed onto the top 

5 face of the work piece. 

42. The apparatus as claimed in claim 40, wherein a light guide is used to guide the 

illumination light from the at least one light source to the respective side face of the work 

piece. 

43. The apparatus as claimed in claim 40, wherein the work piece is a singulated 

10 semiconductor device. 

44. The apparatus as claimed in claim 43, wherein the wavelength range of the 

illumination light is the wavelength range of IR light. 

45. An apparatus for defect detection in a work piece comprises: 

at least one light source for providing an illumination light of a wavelength range at 

15 which the work piece is transparent, wherein the at least one light source is arranged 

such that the illumination light enters the work piece at one side face and from a top 

face; 

a camera with a lens, for imaging light exiting from a further side face of the work 

piece on a line sensor of the camera and/or for imaging light from the top face of the 

20 work piece which is coaxial to the light directed onto the top face of the work piece; 

an optical setup for simultaneously generating an image of a line of light exiting 

from the side face of the work piece and an image of a line of light from the top face of 

the work piece, wherein the line of light from a top face is positioned adjacent to the line 

of light of the respective side face of the work piece; and 

25 a stage for moving the work piece and for imaging a portion of the top face of the 

work piece and the respective side face completely, wherein a scan direction is 

perpendicular to the lines to be imaged. 
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46. The apparatus as claimed in claim 45, wherein a light guide is provided to guide 

the illumination light from the at least one light source to the respective side face of 

the work piece and to an area of the top face of the work piece, which is adjacent 

5 to the respective side face of the work piece. 

47. The apparatus as claimed in claim 45, wherein the wavelength range of the 

illumination light is the wavelength range of IR light. 

48. The apparatus as claimed in claim 45, wherein the stage is a theta - stage. 

49. A computer program product disposed on a non-transitory computer readable 

10 medium for defect detection in work pieces, the product comprising computer 

executable process steps operable to control a computer to: 

place the work piece on a stage; 

illuminate at least one face of the work piece with illumination light of a wavelength 

range at which the work piece is transparent; 

15 direct light, by means of an optical setup, from the least one face of the work piece 

to at least one line sensor of a camera for imaging a line of light of the least one 

face of the work piece; and 

move a stage, which holds the work piece, such that the at least one face of the 

work piece is imaged completely by the line sensor of the camera and is in focus of 

20 the camera during the movement of the stage. 

50. The computer program product of claim 49, wherein the least one face of the work 

piece is a side face and the movement of the stage is composed of a linear and 

rotational movement of the stage, conducted one after the other, so that a focus of 

the camera remains on the side face of the work piece to be imaged. 

25 51. The computer program product of claim 49, wherein the at least one face of the 

work piece is a side face and the movement of the stage is composed of a 
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simultaneous linear and rotational movement of the stage, so that a focus of the 

camera remains on the side face of the work piece to be imaged. 

52. The computer program product of claim 49, wherein the at least one face of the 

work piece is a portion of a top face of the work piece located at an edge of the 

5 work piece and the movement of the stage is composed of a linear and a rotational 

movement of the stage, conducted one after the other, so that a focus of the 

camera remains on the portion of a top face of the work piece to be imaged. 

53. The computer program product of claim 49, wherein the at least one face of the 

work piece is a portion of a top face and an adjacent side face of the work piece 

10 and the movement of the stage is composed of a linear and a rotational movement 

of the stage, conducted one after the other, so that a focus of the camera remains 

on the portion of a top face and the side face of the work piece to be imaged. 
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