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Inspection system and method for defect analysis of wire connections 

15 	The invention relates to an inspection system and to a method for defect 

analysis of a wire connection between a substrate and a semiconductor 

component of a product, the inspection system comprising a first projec- 

tion device, a line scan camera and a processing device, the first projec- 

tion device having at least one slit projection means, the slit projection 

20 	means being capable of projecting a light slit onto a wire of the wire 

connection, light of the light slit reflected by the wire in a detection 

plane of the line scan camera extending perpendicularly, preferably 

orthogonally to a substrate surface being detectable by means of the line 

scan camera, analysis image information of the product being derivable 

25 	from a plurality of line scan image information of the line scan camera 

by means of the processing device. 

With the inspection system described above and with the method for 

defect analysis of a wire connection, wire connections and bonds pro- 

duced by what is known as wire bonding are analyzed for possible 

30 	defects. The semiconductor component can be an integrated circuit, such 

as a chip, or a discrete semiconductor component, such as a transistor or 
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a light-emitting diode, the semiconductor component being connected to 

terminal faces of a substrate via a wire or bond wire. The terminal face 

of the substrate can be connected to a terminal face of the semiconductor 

component by means of methods sufficiently known from the state of the 

5 art, such as TC, TS or US bonding. The wire used is usually made of 

gold, aluminum, silver or copper and can have a diameter of 10 to 

500 pm. So-called thin wires have a diameter of 10 to 20 pm and allow 

narrow structures of the terminal faces and thereby particularly high 

packing densities. When wire connections of this kind are produced by 

10 wire bonding, however, defects may occur, such as touching adjacent 

wires or a wire end not in contact with a terminal face. Hence, the 

corresponding products and wire connections are optically analyzed for 

defects..  

Methods are known from the state of the art in which images of wire 

15 connections between a substrate and a semiconductor component are 

taken by means of a video camera and processed. The product to be 

analyzed is illuminated and image information captured by the video 

camera is processed in order to recognize the respective wire connec-

tions and is analyzed for defects. For example, it is known for wire 

20 connections to be individually approached by a matrix camera, which is 

relatively time-consuming and thus cost-intensive in case of a plurality 

of wire connections and semiconductor components on a substrate. 

Furthermore, it is known for the substrate having a semiconductor 

component and the respective wire connections to be completely scanned 

25 in one pass by means of a line scan camera. In this case, the area of 

detection of the line scan camera on the product is illuminated with 

obliquely incident light from two directions, each parallel to the length 

of the line scan camera. In this way, shadows from the wires of the wire 

connections or semiconductor components as those occurring in case of 

30 the use of a single incident light are supposed to be prevented. The use 

of incident light only is unsuitable in case of overlapping wire connec-

tions because of shadowing. 
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To achieve a particularly reliable measuring result, however, it is still 

necessary in the known methods for defect analysis to perform multiple 

passes or scans of the product at the inspection system, possibly also in 

order to detect different types of defects. The problem with image 

5 processing of the collected image information is reliably recognizing the 

respective wire connections and potentially associating the image infor-

mation with one another in case of multiple passes. This is comparative-

ly time-consuming and thus accompanied by high costs because of the 

consequently required passes of the product at the inspection system and 

10 of the amount of data collected. 

Therefore, the object of the present invention is to provide an inspection 

system and a method for defect analysis of wire connections that allows 

reliable and quick defect analysis. 

This object is attained by an inspection system having the features of 

15 claim 1 and by a method having the features of claim 14. 

The inspection system according to the invention for defect analysis of a 

wire connection between a substrate and a semiconductor component of a 

product comprises a first projection device, a line scan camera and a 

processing device, the first projection device having at least one slit 

20 projection means, the slit projection means being capable of projecting a 

light slit onto a wire of the wire connection, light of the light slit re-

flected by the wire in a detection plane of the line scan camera extending 

perpendicularly, preferably orthogonally to a substrate surface being 

detectable by means of the line scan camera, analysis image information 

25 of the product being derivable from a plurality of line scan image infor-

mation of the line scan camera by means of the processing device, 

wherein the slit projection means is arranged in relation to the line scan 

camera in such a manner that the light slit can be projected onto the 

product so as to extend within the detection plane, the inspection system 

30 comprising a second projection device, the second projection device 

having at least one illuminating means, the illuminating means being 
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capable of projecting diffuse light onto the product, light of the diffuse 

light reflected by the product in the detection plane being detectable by 

means of the line scan camera. 

In particular because the light slit can be projected onto the wire so as to 

5 extend within the detection plane, the wire located in the detection plane 

can be illuminated substantially solely in the detection plane from 

obliquely above, i.e. with the light slit as incident light. The line scan 

camera, too, is thus focused on the wire, which means that the wire can 

be detected very well. In this way, it becomes possible to significantly 

10 improve detection of a wire in subsequent image processing of the 

analysis image information and to avoid errors. The plurality of one-

dimensional line scan image information of the line scan camera is 

combined or put together in the processing device to form the two-

dimensional analysis image information. Thus, with the inspection 

15 system, the product can be scanned via the line scan camera by moving 

the product in relation to the inspection system. The light slit preferably 

extends vertically in relation to the substrate or semiconductor compo-

nent and is directed or collimated at least in the longitudinal direction of 

a cross-section of the light slit. By way of the thus improved detection of 

20 a wire connection, it becomes possible for a product to undergo reliable 

defect analysis in as little as one pass or scan. 

Furthermore, diffuse and homogenous light can be projected onto the 

product by means of the illuminating means, the line scan camera being 

capable of capturing reflected light of the diffuse light in the detection 

25 plane. In this way, it becomes possible to determine a location of the 

semiconductor component on the substrate and a relative position of the 

wire connections or wires by image processing by means of the pro-

cessing device. Furthermore, potential shadows can also be illuminated 

with the diffuse light by means of the directed light of the light slit and 

30 thus be captured or detected. The product can be illuminated with the 

diffuse light by the illuminating means or second projection device in a 
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separate pass of the product with the inspection system or also together 

with projection of the light slit in one pass only. 

Optionally, instead of an original line scan camera, a contact imaging 

sensor (CIS) or an area scan camera can be employed, in which only one 

5 or few lines are used as in the case of a line scan camera. 

The line scan camera can be arranged perpendicularly to a direction of 

movement of a product, the detection plane then extending parallel or 

perpendicularly to the wire. In this way, it becomes possible for the 

wires to be detected substantially completely or at least partially in a 

10 single capture of the line scan camera or in line scan image information 

of the line scan camera. Consequently, in this case, the wires to be 

examined are arranged perpendicularly to the direction of movement of 

the product when the product passes through the inspection system. In 

this case, it may be provided for the product to be aligned with the 

15 length of the wires or wire connections in relation to the line scan 

camera, for example. If the product does not have parallel wire connec-

tions only, but also wire connections that are offset by 90 degrees, for 

example, two passes in the inspection system at a correspondingly 

adjusted alignment of the product in relation to the line scan camera may 

20 be provided, as well. 

The slit projection means can be arranged parallel in relation to the line 

scan camera and can have a partially transparent mirror arranged within 

the detection plane between the product and the line scan camera, and 

the light slit can be deflected into the detection plane via the partially 

25 transparent mirror. Consequently, the light slit is coupled into the 

detection plane via the partially transparent mirror or semitransparent 

mirror, and the line scan camera thus looks onto the product or substrate 

surface in the same plane. In this way, a surface of the substrate can be 

illuminated, whereas the wire or bond wires tend to appear dark because 

30 a reflecting surface of the wire immediately reflects the light of the light 

slit into another direction. Areas of the wire that are parallel to the line 
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scan camera and to the slit illumination are the only areas that can 

reflect parts of the light slit directly into the line scan camera. However, 

since the wires usually bridge a distance between terminal faces as arcs, 

a direct reflection is possible for only extremely small parts of the slit 

5 illumination. This means that a negative image of the wire can be gener-

ated and obtained in addition to the image information obtained by 

means of the illuminating means. 

Alternatively or additionally, the slit projection means can be arranged 

laterally perpendicularly in relation to the line scan camera as another 

10 slit projection means, and the light slit can be projected onto the wire in 

such a manner that the semiconductor component is unlit by the light 

slit. In this case, the slit projection means can be arranged at a longitu-

dinal end of the line scan camera. In this way, it is also ensured that the 

light slit extends within the detection plane. The light slit can also be 

15 projected onto the wire laterally from above. Consequently, the light slit 

extends flush with the line scan camera in relation to the line scan 

camera and perpendicularly or orthogonally to the direction of move-

ment. The fact that the light slit extends solely within the detection 

plane and can consequently be projected onto the product laterally beside 

20 the camera provides the option of not illuminating the semiconductor 

component and, if applicable, not the substrate, either, with the light slit 

and to leave them unlit. Since this means that at lest the semiconductor 

component is not illuminated by the light slit, the semiconductor compo-

nent will substantially not appear at all or visibly dark at high contrast 

25 in relation to the wire directly illuminated by the light slit in the analy-

sis image information and in the captured image of the product. 

Advantageously, the slit projection means can have at least one screen-

ing shade for blocking the light slit from the semiconductor component 

and, if applicable, from the substrate, the light slit being projectable 

30 onto the wire at an acute angle a in relation to a surface of the product. 

The screening shade thus allows delimiting the light slit so that the light 



7 

slit hits only the wire or, if applicable, the substrate. It may be provided 

that both a height of the slit projection means in relation to the surface 

of the product and the screening shade are adjustable. Furthermore, the 

slit projection means can have another screening shade for blocking the 

5 light slit from the line scan camera so that the light of the light slit is 

prevented from falling into the line scan camera. If the slit projection 

means and the screening shade are variably adjustable, the inspection 

system and the slit projection means can be adjusted to different prod-

ucts, making the inspection system flexibly employable for these prod- 

10 ucts. When adjusting the slit projection means, the screening shade or 

the slit projection means itself can be arranged in such a manner that the 

light slit is incident on the wire and on the substrate at angle a without 

visibly illuminating the semiconductor component, for example. 

The slit projection means can have an assembly of optical elements, an 

15 aperture diaphragm and/or a light guide assembly, and the light slit can 

be a collimated light slit. The optical elements can be one or more lenses 

or cylinder lenses, for example. The aperture diaphragm can be slit-

shaped to match the shape of the light slit while other aperture dia-

phragms and a combination of the aperture diaphragm with optical 

20 elements may be envisaged, as well. Moreover, a light guide assembly 

may be provided, which can be composed of a single light guide in the 

shape of a slit or of a plurality of optical fibers, which are arranged in 

the shape of a slit. Light-emitting diodes can serve as a light source, for 

example. For instance, a light-emitting diode for coupling light into the 

25 light guide assembly or a plurality of light-emitting diodes in a series 

arrangement can be provided. The use of a light guide assembly is 

particularly advantageous in that the light sources will be arranged at 

larger distances and the slit projection means can consequently be 

formed comparatively small in an area beside the line scan camera and/or 

30 parallel thereto and thus in an easily adjustable or positionable manner. 



The illuminating means can have an arc-shaped diffuser, which can be 

arranged laterally parallel in relation to the line scan camera and orthog-

onally to a direction of movement of a product. If the diffuser is arc-

shaped, the diffuser can be adjusted particularly well to a shape of the 

5 wire, allowing improved illumination of the wire for capture by the line 

scan camera. Furthermore, this also ensures that potential shadowing by 

the wire or by component edges of the semiconductor component is 

avoided because the wire and the semiconductor component can be 

illuminated from multiple sides by the arc-shaped diffuser. This is also 

10 especially advantageous in particular if there are multiple overlapping 

wire connections, such as on a chip having terminal faces offset by 

height. The arc shape of the diffuser further allows for the diffuser to 

approach the product area to be analyzed or the semiconductor compo-

nent very closely. If the product or the semiconductor component is 

15 already installed in a housing or if the semiconductor component is 

already installed in a chip package, the diffuse light can be brought into 

immediate proximity to the wire connections by moving the arc-shaped 

diffuser at least partially into the housing or arranging it therein. In this 

way, potential shadowing by the housing can be avoided, as well. The 

20 diffuser can also be provided with a diaphragm or aperture, which is 

realized in such a manner that the substrate or the semiconductor compo-

nent is substantially unlit. Moreover, the arc-shaped diffuser or the 

illuminating means can be realized so as to be adjustable in such a 

manner that the arc-shaped diffuser is moved on the inspection system 

25 and is adjusted to a geometry of the product to be examined in each case. 

Additionally, the illuminating means can have a plane diffuser, and the 

plane diffuser can be arranged parallel in relation to the product. In this 

way, the product or substrate can be additionally illuminated with 

diffuse light directly from above, i.e. orthogonally in relation to the 

30 product or substrate. Thereby, other independent information can be 

obtained. 
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The illuminating means can have a light guide assembly or light-emitting 

diodes in an arc-shaped and/or plane arrangement. The light guide 

assembly can be a single light guide or a bundle of optical fibers into 

each of which light is coupled by light-emitting diodes, for example. The 

5 substantial aspect is that when optical fibers are used, the light source 

can also be arranged remotely from the actual illuminating means, which 

makes the illuminating means compact and easily adjustable. Depending 

on the design of the light guide assembly or of the light-emitting diodes, 

they can be used plane and/or arc-shaped only together with a plane or 

10 arc-shaped diffuser, respectively, such as a diffuser plate or film. 

The illuminating means and/or the slit projection means can emit light in 

the wavelength ranges red, green and blue (RGB), infrared (IR) and/or 

ultraviolet (UV). Thus, it becomes possible in particular to use poly-

chromatic light, so-called white light in the visible range, for illumina- 

15 tion. It may also be provided that color portions of the light are selected 

at will to mix certain wavelength ranges. For example, blue and yellow 

light is suitable for illuminating the material gold, whereby wires con-

sisting of gold will be especially easily detectable by means of the line 

scan camera. Depending on the material used for the substrate, for the 

20 semiconductor component and for the respective terminal faces, a high 

color contrast can be achieved. Also, the illuminating means and the slit 

projection means can thus be operated synchronously with a movement 

of the product relative to the inspection system and in a single pass of 

the product or also separately from one another and in a serially clocked 

25 manner. It may further be envisaged that the illuminating means and/or 

the slit projection means has/have a polarization filter. 

In an advantageous embodiment of the inspection system, basic colors 

can be detected by means of the line scan camera, and information 

regarding a surface of a product can be derivable from a color value of 

30 the line scan image information by means of the processing device. Thus, 

the line scan camera can not only detect gray values, but also have at 
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least two or three parallel rows of pixels for detecting the basic colors 

red green and blue. In particular if the product is illuminated with 

different basic colors, the basic colors can be separated especially well; 

i.e., simultaneous illumination with different colors can take place. 

5 Moreover, at least information regarding the surface of the product can 

be derived via the color value of the line scan image information. Said 

information may be material information or information regarding 

surface properties, for example. 

Preferably, the first projection device can have a second slit projection 

10 means, and the second projection device can have a second illuminating 

means, and the first and second slit projection means and the first and 

second illuminating means can be arranged coaxially in relation to the 

line scan camera. In particular semiconductors contacted at their periph-

ery, such as chips or bare dies, can thus be analyzed especially quickly 

15 because two parallel longitudinal sides of the semiconductor each having 

wire connections can be illuminated simultaneously. Additionally, the 

coaxial arrangement in relation to the line scan camera leads to a uni-

form illumination of the wire connections and of the product. 

The inspection system can also have another line scan camera, which can 

20 be arranged parallel to the line scan camera or first line scan camera. 

The other line scan camera, which is arranged parallel, thus allows 

detecting line scan image information and to derive analysis image 

information of the product simultaneously with the first line scan cam-

era. Consequently, the other line scan camera has another detecting 

25 plane, the other detecting plane intersecting the detecting plane or first 

detecting plane in the area of the product or wire to be analyzed, which 

means that the other detecting plane can no longer be arranged orthogo-

nally to the surface of the product or to the substrate surface. For exam-

ple, height information of the wire or semiconductor component in 

30 relation to a surface of the product or a substrate surface can thus also be 

determined by triangulation by means of the other line scan camera. 
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Moreover, it becomes possible to also safely detect overlapping wires. 

Any potentially present shadowing has little significance for the result of 

the analysis because of the parallel capture by the other line scan cam-

era. 

5 In the method according to the invention for defect analysis of a wire 

connection between a substrate and a semiconductor component of a 

product using an inspection system, the inspection system comprises a 

first projection device, a line scan camera and a processing device, the 

first projection device having at least one slit projection means, the slit 

10 projection means being capable of projecting a light slit onto a wire of 

the wire connection, light of the light slit reflected by the wire in a 

detection plane of the line scan camera extending perpendicularly, 

preferably orthogonally to a substrate surface being detected by means of 

the line scan camera, analysis image information of the product being 

15 derived from a plurality of line scan image information of the line scan 

camera by means of the processing device, wherein the light slit is 

projected onto the product so as to extend within the detection plane, the 

inspection system comprising a second projection device, the second 

projection device having at least one illuminating means, diffuse light 

20 being projected onto the product by means of the illuminating means, 

light of the diffuse light reflected by the product in the detection plane 

being detected by means of the line scan camera. 

With respect to the advantageous effects of the method according to the 

invention, reference is made to the description of advantages of the 

25 inspection system according to the invention. 

By means of the processing device, an offset can be superimposed on the 

plurality of line scan image information of the line scan camera in a 

direction of movement of the product, and the offset can be smaller than 

a physical image resolution of the line scan camera. When scanning the 

30 product by means of the inspection system, the product can be illuminat-

ed in a first position by the slit projection means and/or by the illuminat- 
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ing means and can then be moved into a second position and subsequent 

positions relative to the line scan camera, line scan image information 

being detected analogously to the first position. In this way, a scan of an 

entire surface of the product or of only the wire connections of the 

5 product can be carried out, the product or the wire connections thus 

having been completely illuminated by the projection devices. It may be 

provided that an offset between the first position and the second position 

and subsequent positions follows at an overlap of at least 1 /3  pixels. If a 

wire has a diameter of 18 p,m, for example, the product can be moved 

10 from the first position into the respective subsequent position in steps of 

2 gm, which means that a resolution of the corresponding image or of the 

analysis image information of 3 to 8µm can be achieved. In this way, 

full-resolution or analysis image information can be obtained, potentially 

undetected image areas being below a possible resolution of the line scan 

15 camera. Furthermore, it is also possible to detect any number of n color 

images in one scan, the n color images representing n information 

possibilities. In this context, as a function of the product features to be 

inspected, variations can be correspondingly adopted in terms of illumi-

nation level, light color, illumination angle and illumination technology. 

20 

25 

The product can be moved once in the direction of an X-axis and/or a Y-

axis of the product in relation to the line scan camera and can be optical-

ly scanned, and analysis image information associated with the projec-

tion devices can be obtained. Depending on the arrangement of the wire 

connections, the product can be moved in the direction of the X-axis and, 

if required, subsequently be moved once in the direction of the Y-axis in 

relation to the line scan camera. This can be made possible in particular 

in that the projection devices and the line scan camera can be synchro-

nized, the synchronization allowing the analysis image information to be 

associated. In this way, a defect analysis of a product can be limited to a 

30 one-time scan of the surface of the product or of the wire connections 

and thus be significantly shortened and simplified. 
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Furthermore, the product can be optically scanned in at least two planes 

of a Z-axis of the product. Since the wire connections or wires are 

usually arranged in an arc shape standing upright on the surface of the 

product, it may be required to vary a focus of the line scan camera in 

5 order to fully capture a wire or to change a distance between the line 

scan camera and the product in order to achieve an entirely sharp image 

of the wire. Depending on the height of the wire in relation to the sur-

face or extension in the Z-axis, the product or the area in question of the 

wire connections can be scanned in at least two planes of the Z-axis. 

10 To be able to conduct a defect analysis of the product or of the wire 

connections as quickly as possible, the light beams or the light of the 

projection devices can be projected onto the product in a time sequence, 

and the line scan camera can be synchronized with the projection devic-

es. For example, a product can be moved below the line scan camera in 

15 the direction of an X-axis, an examination area of the surface of the 

product being illuminated by means of the first projection device or slit 

projection means at first in order to detect a geometrical location of a 

wire in a first position, the line scan camera capturing image information 

of the surface area. The image information can be processed and stored 

20 

25 

by the processing device by means of a frame grabber. Subsequently, the 

surface area can be illuminated by the second projection device or by the 

illuminating means and corresponding image information, such as mate-

rial information, can be registered by the line scan camera and be pro-

cessed by the processing device. In case of the second projection device, 

it may also be provided that the surface area is successively illuminated 

with light in the basic colors red, green and blue, the line scan camera 

being capable of registering the basic colors separately from each other. 

This means that a series of different image information can be serially 

registered for the surface area of the first position. For this purpose, it 

30 will be necessary that the line scan camera is synchronized with the 

projection devices. For example, if red light is projected onto the prod-

uct by means of the second projection device, it may be provided that red 
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light is registered by the line scan camera for the duration of projection. 

Alternatively, it is also possible that the line scan camera registers the 

basic colors separately from each other or together, but that an associa- 

tion of the image information with the respective illuminating situation 

5 is always possible. In particular if the basic colors are registered succes-

sively or serially for one position, a full-resolution image or analysis 

information of the product can be obtained. 

Height information and/or geometrical information of the wire can be 

obtained from a distribution of the light beam reflected by a surface of 

10 the wire by means of the processing device. The processing device can 

be configured in such a manner that the processing device can obtain a 

relative position of the light slit on the surface of the product or wire 

from a distribution of the light slit of the slit projection means reflected 

by the surface of the product or wire. The processing device can obtain 

15 geometrical information of the wire, for example, from a reflection 

image of the product or wire based on a normal distribution of a light 

density. In this way, a maximum value or maximum of the density 

function of the normal distribution of the light density on the surface of 

the wire can be determined, as well, from which height information can 

20 also be derived. Alternatively, it is also possible to obtain height infor-

mation of the wire by triangulation with the aid of a second line scan 

camera arranged parallel to the line scan camera or first line scan cam-

era. 

It may in particular be provided that the light of the homogenous or 

25 diffuse light reflected by the product is analyzed by means of the pro-

cessing device in terms of hue, brightness and/or saturation. In this way. 

the processing device can analyze the analysis image information or 

RUB color image information separately in terms of hue, saturation and 

value in a color space (HSV, HSL, HSB). The image information can 

30 also be used in particular for analyzing the material type and distribution 

because different materials have different H, S and V-values. A color 
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space can be selected as a function of the materials to be analyzed, and 

an RGB color space may serve as a basis. 

Thus, a material and/or a material property of a product can be deter-

mined by means of the processing device from the analysis image infor- 

5 mation obtained by the second projection device. 

Other information regarding material and structure of a product can be 

obtained if analysis image information associated with the projection 

devices are superimposed and evaluated by means of the processing 

device. With a combination of analysis image information, such as in 

10 

15 

case of high-dynamic-range images (HDRI), a higher contrast improve-

ment can be achieved, for example, and material mixtures on a surface of 

the product can be analyzed, as well. Especially surfaces having a very 

weak contrast can thus be inspected in a combined manner. At least two 

analysis image recordings of an area of wire connections, for example, 

are recorded with different brightness or at different illumination levels 

and are combined by means of image processing of the processing 

device. Optionally, sequential illumination can be performed by means 

of the slit projection means and the illuminating means. In this case, a 

first line scan image information or analysis image information is rec- 

20 orded under illumination by the slit projection means only, and a second 

line scan image information or analysis image information is recorded 

under illumination by the illuminating means only. The respective 

analysis image information is subsequently combined by means of image 

processing. In this way, not only a position of the wire connections but 

25 also a position of terminal faces can be recognized. 

Furthermore, in the course of defect analysis, analysis image information 

can be compared to reference image information by means of the pro-

cessing device. The reference image information of the product or of the 

respective wire connections can comprise CAD data and material distil.- 

30 bution data of the product. The comparison can take place by way of 

image processing, and difference images for different structures of the 
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product and arrangements of wires, respectively, can be analyzed sepa-

rately in each case. Furthermore, the material information can be com-

bined with height information in order to clearly identify a wire, for 

example. Accordingly, the reference image information can comprise all 

5 geometrical data of the product, material information, component infor-

mation and height information. If the analysis image information devi-

ates from the reference image information, a defect can be signalized. 

However, this is not absolutely necessary if tolerance ranges are defined, 

which allow geometrical deviation of a wire connection from a reference 

10 position, for example. In this way, adjacent wire connections can ap-

proach each other or be apart from each other within the tolerance range 

as long as a short-circuit is avoided. This examination of a difference 

image thus requires a clear association of the analysis image information 

with the reference image information. In principle, however, a compari- 

15 son of the analysis image information with the reference image infor-

mation is not necessarily required. For instance, it may suffice for a 

defect analysis to simply detect a location of respective the wire connec-

tions and to signalize a defect if the respective wire connections ap-

proach each other within a defined tolerance range. 

20 Other advantageous embodiments of the method become apparent from 

the feature descriptions of the dependent claims back-referenced to the 

device claim. 

Hereinafter, a preferred embodiment of the invention will be explained 

in more detail with reference to the accompanying drawing. 

25 In the drawing: 

Fig. 1 	shows a schematic diagram of an embodiment of an 

inspection system in a front view; 

Fig. 2 	shows a schematic diagram of the inspection system in 

a front view; 
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Fig. 3 	shows a schematic diagram of the inspection system in 

a lateral view; 

Fig. 4 	shows a schematic diagram of the inspection system in 

a lateral view; 

5 Fig. 5 	shows a schematic diagram of the inspection system in 

a top view; 

Fig. 6 	shows a perspective illustration of an illuminating 

means; and 

Fig.  7 	shows a perspective illustration of a slit projection 

10 means. 

A combined view of Figs. 1 to 7 shows an inspection system 10 for 

defect analysis of wire connections 11 of a product 12. The product 12 

comprises a substrate 13 on whose surface 14 two semiconductor compo- 

nents 15 and 16 are arranged one on top of the other. The semiconductor 

15 	components 15 and 16 form a chip 17. The wire connections 11 are 

formed between terminal faces 18 on the surface 14 of the substrate 13 

and terminal faces 19 on a surface 20 of the chip 17 or of the semicon- 

ductor components 15 and 16 together with wires 21 and 22 connecting 

the terminal faces 18 and 19. The product 12 has already been inserted 

20 	into a housing 23. 

The inspection system 10 comprises a first projection device 24 having 

two slit projection means 25, a second projection device 26 having two 

illuminating means 27, and a line scan camera 28 as well as a processing 

device (not illustrated) for processing line scan image information 

25 	obtained by means of the line scan image camera 28. The line scan 

camera 28 is configured in such a manner that basic colors can be regis- 

tered by the line scan camera 28. Figs. 1 and 2 show the first projection 

device 24 and the second projection device 26, respectively, separately 

from each other for simplified illustration. 
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The slit projection means 25 has a support 29 having a light guide 

assembly 30. The light guide assembly 30 is composed of optical fibers, 

which are led to the support 29 in bundles and are arranged in the shape 

of the slit 31 illustrated here. The support 29 further forms an aperture 

5 diaphragm 32 for forming a light slit 33. The light required therefor is 

coupled into the optical fibers (not illustrated). Moreover, a screening 

shade 34 is arranged on the support 29, which delimits the substantially 

collimated light slit 33. 

The illuminating means 27 has a housing 35 and an arc-shaped diffuser 

10 36. The diffuser 36 is formed by a plastic film 37. Light-emitting diodes 

(not illustrated) are arranged within the housing 35, and diffuse homoge-

nous light in the basic colors (RGB) can be emitted onto the product 12 

by the illuminating means 27 via the diffuser 36. 

The line scan camera 28 is arranged above the product 12, the product 12 

15 being movable relative to the line scan camera 28 in the direction of an 

arrow 38. It is basically immaterial whether it is the product 12 or the 

inspection system 10 that is moved. The line scan camera 28 forms a 

detection plane 39, which extends orthogonally to the surface 14 of the 

substrate 13 but, in principle, can also be arranged in deviation thereof 

20 perpendicularly to the surface 14. The product 12 is moved completely 

through the detection plane 39 along a path of movement 40 so that the 

product 12 can be optically scanned by the line scan camera 28. Each of 

the slit projection means 25 and the illuminating means 27 is arranged 

coaxially to the line scan camera 28. The light slit 33 generated by the 

25 slit projection means 25 extends solely within the detection plane 39 and 

is subsequently superimposed with the detection plane 39. The light slit 

33 is arranged and formed by way of the arrangement of the slit projec-

tion means 25 and with the aid of the screening shade 34 in such a 

manner that the light slit 33 is blocked from the chip 17 and illuminates 

30 the wires 21 and 22 and, in part, the substrate 13. To this end, the light 

slit 33 is projected onto the wires 21 and 22 at an angle a in relation to 
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the surface 14 of the substrate 13. This means that the chip 17 is not 

illuminated or only minimally illuminated by the light slit 33. Further-

more, an area 41 of the substrate 13 below the wires 21 and 22 is not 

illuminated by the light slit 33, either. The surface 20 and the area 41 

5 thus appear very dark, which means that the wires 21 and 22 can be 

recognized particularly reliably and quickly in subsequent processing of 

the line scan image information or analysis image information. 

The illuminating means 27 are arranged comparatively densely opposite 

the chip 17 so that the diffuse light allows optimal illumination of the 

10 wires 21 and 22 from all sides. The illuminating means 27 are also 

arranged in an inclined manner in relation to the surface 14 of the 

substrate 13. Depending on which of the light-emitting diodes of the 

illuminating means 27 are activated, polychromatic or monochromatic 

homogenous light can be generated. Owing to the arrangement of the 

15 diffuser 36, it becomes possible that a formation of shadows, which 

might make image processing of the analysis image information more 

difficult, is avoided. The line scan camera 28, the illuminating means 27 

and the slit projection means 25 are adjustable; i.e., they can be changed 

and fixed at will in terms of their distance and inclination in relation to 

20 the product 12. In this way, it becomes possible to flexibly analyze a 

plurality of products having different geometries and dimensions. 

Fig. 4 shows a slit projection means 43 of the first projection device 24, 

which can be part of the first projection device 24 on its own as well as 

together with the slit projection means 25 and vice-versa. The slit 

25 projection means 43 is arranged parallel in relation to the line scan 

camera 28 and has a rod-shaped prism assembly 44, which forms a 

partially transparent mirror 45. The prism arrangement 44 is arranged 

within the detection plane 39 between the line scan camera 28 and the 

product 12. A light slit 46, which extends parallel to the product 12 in 

30 this case and completely fills a width of the detection plane 39, is 

projected onto the prism assembly 44 from the housing 47 having a light 
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source (not illustrated) of the first projection device 24. The light slit 46 

is deflected by 900  and coupled into the detection plane 39 by the par-

tially transparent mirror 45. A total reflection of the light slit 46 on the 

product 12 can be detected by the line scan camera 28 through the 

5 partially transparent mirror 45. The wires 21 and 22 thus appear very 

dark, which means that they can be recognized particularly reliably and 

quickly in subsequent processing of the line scan image information or 

analysis image information. 

When the wire connections 11 are scanned, the detection plane 39 can be 

10 limited to an analysis area 42, which encloses at least the wire connec-

tions 11 and does not substantially extend beyond that. In this way, an 

even quicker defect analysis can be performed. In a first pass or scan of 

the product 12, the product 2 is moved in steps of 3µm from a first 

position to a second position and further to the end position, line scan 

15 image information being registered in each position by means of the line 

scan camera 28. The analysis area 42 is illuminated directly by means of 

the first projection device 24, and subsequently or previously, the 

analysis area 42 is illuminated by means of the second projection device 

26, line scan image information being recorded in each case. The pro- 

20 cessing device forms analysis image information of the product 12 from 

the plurality of line scan image information of the respective positions 

by superimposition. By a scan in the direction of an X-axis of the prod-

uct 12, the wires 21 and 22 running parallel to the line scan camera 28 

are analyzed at first, the product 12 being turned by 900  in a subsequent 

25 scan so that the wires 21 and 22 then running parallel to the line scan 

camera 28 are analyzed. Accordingly, the product 12 is first scanned 

along its X-axis and subsequently along its Y-axis. In this way, it be-

comes possible to also recognize comparatively thin wires 21 and 22 

with 18 lam diameter, for example, by means of the line scan camera 28 

30 at a lower resolution by superimposing the line scan image information 

and distances of the respective positions to record line scan image 

information. In a longitudinal direction of the wires 21 and 22, however, 
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an improved resolution of the line scan camera 28 by superimposition 

line scan image information is not necessary. Wires 21 and 22 running 

perpendicularly to the detection plane 39 can thus be scanned without 

of 

superimposition of the line scan image information, which accelerates a 

5 defect analysis even further. 
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Reference signs 

10 	inspection system 

11 	wire connection 

12 	product 

13 	substrate 

14 	surface 

15 	semiconductor component 

16 	semiconductor component 

17 	chip 

18 	terminal face 

19 	terminal face 

20 	surface 

21 	wire 

22 	wire 

23 	housing 

24 	first projection device 

25 	slit projection means 

26 	second projection device 

27 	illuminating means 

28 	line scan camera 

29 	support 

30 	light guide assembly 

31 	slit 

32 	aperture diaphragm 

33 	light slit 

34 	screening shade 

35 	housing 

36 	diffuser 

37 	plastic film 

38 	arrow 

39 	detection plane 

40 	path of movement 
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41 area 

42 analysis area 

43 slit projection means 

44 prism assembly 

45 mirror 

46 light slit 

47 housing 
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Claims 

1.  An inspection system (10) for defect analysis of a wire connection 

5 

(11) between a substrate (13) and a semiconductor component (15, 

16) of a product (12), the inspection system comprising a first pro-

jection device (24), a line scan camera (28) and a processing device, 

the first projection device having at least one slit projection means 

(25, 43), the slit projection means being capable of projecting a light 

slit (33, 46) onto a wire (21, 22) of the wire connection, light of the 

10 light slit reflected by the wire in a detection plane (39) of the line 

scan camera extending perpendicularly, preferably orthogonally to a 

substrate surface (14) being detectable by means of the line scan 

camera, analysis image information of the product being derivable 

from a plurality of line scan image information of the line scan cam- 

15 era by means of the processing device, 

characterized in that 

the slit projection means is arranged in relation to the line scan cam- 

era in such a manner that the light slit can be projected onto the 

product so as to extend within the detection plane, the inspection 

20 system comprising a second projection device (26), the second pro-

jection device having at least one illuminating means (27), the illu-

minating means being capable of projecting diffuse light onto the 

product, light of the diffuse light reflected by the product in the de-

tection plane being detectable by means of the line scan camera. 

25 2.  The inspection system according to claim 1, 

characterized in that 

the line scan camera (28) is arranged perpendicularly to a direction 

of movement of a product (12), the detection plane (39) extending 

parallel or perpendicularly to the wire (21, 22). 
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3.  The inspection system according to claim 1 or 2, 

characterized in that 

the slit projection means (43) is arranged parallel in relation to the 

line scan camera (28) and has a partially transparent mirror (45) ar- 

5 ranged within the detection plane (39) between the product (12) and 

the line scan camera (28), the light slit (46) being deflectable into 

the detection plane via the partially transparent mirror. 

4.  The inspection system according to any one of the preceding claims, 

characterized in that 

10 the slit projection means (25) is arranged laterally perpendicularly in 

relation to the line scan camera (28), the light slit (33) being project-

able onto the wire (21, 22), and the semiconductor component (15, 

16) being unlit by the light slit. 

15 

5.  The inspection system according to claim 4, 

characterized in that 

the slit projection means (25) has at least one screening shade (32) 

for blocking the light slit (33) from the semiconductor component 

(15, 16) and/or from the substrate (13), the light slit being projecta-

ble onto the wire (21, 22) at an acute angle a in relation to a surface 

20 (14, 20) of the product. 

6.  The inspection system according to any one of the preceding claims, 

characterized in that 

the slit projection means (25, 43) has an assembly of optical ele-

ments, an aperture diaphragm and/or a light guide assembly (30), the 

25 light slit being a collimated light slit (33, 46). 
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7.  The inspection system according to any one of the preceding claims, 

characterized in that 

the illuminating means (27) has an arc-shaped diffuser (36), the arc-

shaped diffuser being arranged parallel in relation to the line scan 

5 camera (28). 

8.  The inspection system according to any one of the preceding claims, 

characterized in that 

the illuminating means (27) has a plane diffuser, the plane diffuser 

being arranged parallel in relation to the product (12). 

10 9.  The inspection system according to any one of the preceding claims, 

characterized in that 

the illuminating means (27) has a light guide assembly or light-

emitting diodes in an arc-shaped and/or plane arrangement. 

15 

10.  The inspection system according to any one of the preceding claims, 

characterized in that 

the illuminating means (27) and/or the slit projection means (25, 46) 

can emit light in the wavelength ranges red, green and blue (ROB), 

infrared (IR) and/or ultraviolet (UV). 

20 

11.  The inspection system according to any one of the preceding claims, 

characterized in that 

primary colors can be detected by means of the line scan camera 

(28), information regarding a surface (14, 20) of the product being 

derivable from a color value of the line scan image information by 

means of the processing device. 
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12.  The inspection system according to any one of the preceding claims, 

characterized in that 

the first projection device (24) has a second slit projection means 

(24, 43), and that the second projection device (26) has a second il- 

5 luminating means (27), the first and second slit projection means and 

the first and second illuminating means being arranged coaxially in 

relation to the line scan camera (28). 

13.  The inspection system according to any one of the preceding claims, 

characterized in that 

10 the inspection system (10) has another line scan camera, the other 

line scan camera being arranged parallel to the line scan camera (28). 

14.  A method for defect analysis of a wire connection (11) between a 

substrate (13) and a semiconductor component (15, 16) of a product 

(12), the method using an inspection system (10), the inspection sys- 

15 tern comprising a first projection device (24), a line scan camera (28) 

and a processing device, the first projection device having at least 

one slit projection means (25, 43), a light slit (33, 46) being project-

ed onto a wire (21, 22) of the wire connection by means of the slit 

projection means, light of the light slit reflected by the wire in a de- 

20 

25 

tection plane (39) of the line scan camera extending perpendicularly, 

preferably orthogonally to a substrate surface (14) being detected by 

means of the line scan camera, analysis image information of the 

product being derived from a plurality of line scan image information 

of the line scan camera by means of the processing device, 

characterized in that 

the light slit is projected onto the product so as to extend within the 

detection plane, the inspection system comprising a second projec-

tion device (26), the second projection device having at least one il-

luminating means (27), diffuse light being projected onto the product 

30 by means of the illuminating means, light of the diffuse light reflect- 
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ed by the product in the detection plane being detected by means of 

the line scan camera. 

15.  The method according to claim 14, 

characterized in that 

5 an offset is superimposed on the plurality of line scan image infor-

mation of the line scan camera (28) in a direction of movement of the 

product (12) by means of the processing device, the offset being 

smaller than a physical image resolution of the line scan camera. 

16.  The method according to claim 14 or 15, 

10 characterized in that 

the product (12) is moved once in the direction of an X-axis and/or a 

Y-axis of the product in relation to the line scan camera (28) and is 

optically scanned, analysis image information associated with the 

projection devices (24, 26) being obtained. 

15 17.  The method according to any one of claims 14 to 16, 

characterized in that 

the product (12) is optically scanned in at least two planes of a Z-

axis of the product. 

18.  The method according to any one of claims 14 to 17, 

20 characterized in that 

the light of the projection devices (24, 26) is projected onto the 

product (12) in a time sequence, the line scan camera (28) being syn-

chronized with the projection devices. 
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19.  The method according to any one of claims 14 to 18, 

characterized in that 

height information and/or geometrical information of the wire is ob-

tained by means of the processing device from a distribution of the 

5 light beam reflected by a surface of the wire (21, 22). 

20.  The method according to any one of claims 14 to 19, 

characterized in that 

the light of the diffuse light reflected by the product (12) is analyzed 

by means of the processing device in terms of hue, brightness and/or 

10 saturation. 

21.  The method according to any one of claims 14 to 20, 

characterized in that 

analysis image information associated with the projection devices 

(24, 26) is superimposed and evaluated by means of the processing 

15 device. 




