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While they are essential characteristics 

of an AOI system, today 3D inspection 

and high speed are just as important for 

AXI. With time-optimized image acquisi-

tion technologies and efficient handling 

concepts, in-line X-ray performance is 

continually increasing. Advantageous 

automation possibilities also exist where 

the use of MXI is recommended.

In the inspection of electronic assem-

blies, especially for components with 

hidden solder joints such as BGAs (ball 

grid array) or QFNs (quad-flat no-leads 

package), automatic optical inspection 

(AOI) is insufficient. Random samples 

with manual X-ray (MXI) arise as one 

option, but this is not always the opti-

mum solution. Where product safety 

plays an especially crucial role, particu-

larly in the automotive area, a fast, thor-

ough inspection of solder joints is 

needed. This calls for a fully automatic 

in-line X-ray inspection (AXI), which 

also satisfies the speed constraints. On 

such a system, throughput is heavily 

determined by the inspected assembly 

handling, since a fully protected hous-

ing with mechanical gates is necessary. 

Fast, precise change
One ingenious solution to the in- and 

outfeed of the assemblies can reduce 

the time to change them to under four 

seconds. This results from a hardware 

concept that works with several print-

ed circuit boards that can be in the 

system simultaneously and are moved 

in overlapping time slices. Because of 

the shortened paths, the correspond-

ing switching of assemblies from one 

position to the next is extremely quick 

and precise. This reduction in handling 

time reduces the idle time necessary 

as overhead just to change assemblies. 

The actual productive time is the pure 

analysis time, in which the images are 

captured and evaluated. Thus, if the 

handling is reduced, e.g., from the pre-

viously typical ten to twelve seconds 

to four seconds, with a pure analysis 

time of an additional ten seconds, to-

tal throughput time is 14 instead of 20 

seconds – a major gain of 30 percent! 

Even with just this aspect in mind, a 

comparison of the available systems 

is definitely worthwhile. Optimizing 

the analysis time can bring additional 

significant throughput gains. During 

program creation, the time-consum-

ing 3D inspection can be restricted to 

those components for which it is tru-

ly necessary. Everywhere else, faster 

orthogonal and angled processes are 

employed. 
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First-class 3D AXI hardware
Optimized solutions for fast image ac-

quisition also have a positive effect 

on the analysis time. High-value linear 

motors, which ensure that flat panel 

detectors on a cross table (xy-table) 

can be moved quickly to the different 

positions, sharply cut image acquisition 

times for variably angled radiation pen-

etration, especially when acquiring sev-

eral views for 3D reconstruction. With 

the right settings, electronic assemblies 

can also be optimally represented in the 

3D image from predefined perspectives. 

Experience points out, e.g., that for 

structures generally arranged on a grid, 

such as BGA balls, irregularly arranged 

acquisition positions are recommend-

ed. Because of the resulting suppres-

sion of periodic structures, artifacts 

can be largely eliminated, significantly 

improving the 3D results of the planar 

computed tomography (PCT). 

During the development and revision 

of an AXI system, particularly in this 

context it has proven expedient to lay 

out the overall 3D inspection area with 

ample space, to give the ultimate user 

complete flexibility in selecting the ac-

quisition angle. In addition to larger 

penetration angles and different per-

spectives, leading to better 3D results, 

larger printed circuit boards can be in-

spected. For high throughput, the use 

of a flat panel detector with as large a 

field of view as possible is important. 

Many useful options
The 3D reconstruction processes are 

central in determining the quality of the 

3D reproduction of the acquired scene. 

Besides simple and fast methods such 

as the addition process, the Viscom 

AXIs implement the FDK process (Feld-

kamp, Davis, Kress). Dirk Nülle, manag-

ing AXI product developer at Viscom 

and responsible for the new X7056-II 

3D AXI system: “This special process of 

filtered rear projection delivers better 

slice image reconstructions, especially 

for BGAs. However, it does take some-

what more computation time.” For a us-

er-friendly display on the one hand, but 

for basic image improvement too, there 

are also appropriate aids such as con-

trast filters or the possibility of grayscale 

value adaptation (gamma correction). 

So that all results are flawless, even for 

sagging printed circuit boards, it is also 

possible to add a height correction to 

the automatic inspection run. This is ac-

complished by a tool that correspond-

ingly adapts the individual inspection 

positions. The calculated sag model of 

the electronic assembly is then applied 

for each inspection method.

The inspection system software should 

be as easy to operate as possible. One 

example: The user can specify 3D AXI 

acquisition positions, has various res-

olution stages to choose from thereby, 

and decides on a number of viewing 

positions appropriate to the application 

and desired inspection depth. Later, 

depending on the task, a selection be-

tween these predefined 3D cameras can 

be made. Again depending on the task, 

either inspection quality or cycle time is 

the priority. “In our experience, at least 

nine views are necessary to realize 3D. 

Yet sometimes, it turns out more acqui-

sitions are needed, depending on shad-

owing and on which components are in 

opposite positions on a printed circuit 

board assembled on both sides,” states 

Dirk Nülle.
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Individual slice from a 3D analysis: View in the vVision X-ray viewer after application of the FDK 
reconstruction process

The new 3D AXI system X7056-II from Viscom 
achieves extremely short handling times.
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Conclusive results
Today, partial or complete volumes of 

an object inspected with 3D AXI can be 

displayed on a screen relatively quick-

ly and easily and be tilted, rotated and 

zoomed with a mouse or on a touch 

screen. A special feature compared to 

a purely optical reconstruction: A slice-

by-slice view into the interior of an ob-

ject, such as an array of BGA balls, is 

possible. Setting up such a tool on the 

verification station yields additional 

options for explicit defect classification 

and for researching defect causes in the 

process.

The capability to calculate meaning-

ful volume information from several 

two-dimensional penetrations of the 

inspection object and derive individual 

slices from this information is the most 

important advantage of the 3D tech-

nology in X-ray inspection of electronic 

assemblies. If, for example, the voids on 

a QFN are to be inspected, but there is 

another component, say, a chip, on the 

other side of a printed circuit board as-

sembled on both sides, then it is likely 

that not all of the air inclusions would 

be optimally visible in typical X-ray im-

ages, because the objects overlap in the 

image and conceal each other. The 3D 

reconstruction of the volumetric unit in 

the 3D X-ray inspection permits precise-

ly the relevant slices to be separated, 

greatly facilitating this type of inspec-

tion without interfering overlapping. 

Because in principle, the entire vol-

ume of the scene can be irradiated so 

its structure can also be determined, 

the slices do not necessarily have to be 

made only horizontally. For example, a 

vertically separated slice may be able to 

deliver important information, such as 

that one BGA ball in the outer row is not 

attached, indicating a head in pillow 

(HIP) defect. On a printed circuit board 

assembled on both sides, now the com-

ponents located on each side are seen. 

Each slice image, whether horizontal 

or vertical, can be directly forwarded 

to the analysis. Voids, for instance, can 

now be identified and classified easily 

and without error.

Balanced combined solution
Additional advantages arise when AXI 

and AOI are integrated in a single sys-

tem. With this combination, not only 

can the proportions of orthogonal, an-

gled and 3D X-ray be optimally tuned 

to each other, but by inclusion of the 

optical inspection methods their use 

can be reduced to a minimum, which 

in turn further improves the cycle time 

of the entire inspection while – as an 

often overlooked effect – the radiation 

load on individual components is low-

ered. Some criteria, most apparently 

the example of OCR (optical character 

recognition) – recognizing plain text on 

the component – must be conducted 

purely optically; in other cases features 

can be captured either optically or with 

X-ray. Logically, other effects can only 

be inspected with X-ray technology 

methods. 

In a good combination system, print-

ed circuit boards shuttle quickly and 

nearly simultaneously between the two 

inspection sections. Optical fiducial 

cameras can already start before the 

lead plate separating the two inspec-

tion sections has fully closed. With just a 

single system, complete, fast inspection 

coverage can be guaranteed. If there is 

a suspicion that undetected hidden de-

fects still exist after the optical inspec-

tion, an additional X-ray inspection that 

runs in the same system can be auto-

matically started just for these cases. 
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An automatic height correction can also be 
performed for sagging printed circuit boards, 
particularly in the 3D X-ray inspection.

The entire volume of an inspection object (here, all the BGA balls) is saved and with a special tool, can be 
displayed from freely selectable perspectives.
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The operating convenience of such a 

combination system can extend to in-

tegrated automatic inspection program 

creation and the use of an inspection 

simulator with which the user can run 

through different inspection scenari-

os off-line, e.g., with greater weighting 

of the inspection quality, the costs or 

the speed. 

Interplay with MXI
The X-ray results from the inspection 

system can be linked with other in-

spection results (3D SPI, 3D AOI) via a 

networked line, e.g., with Viscom Qual-

ity Uplink, and intelligently merged for 

evaluations. Incidentally, this does not 

only apply to in-line X-ray. MXI systems 

also prove themselves as true team 

players here. “I can transfer the inspec-

tion results from the line to a manual 

system and, for example, conduct de-

tailed inspection at the corresponding 

positions for ambiguous defects or ran-

dom samples there,” states Rolf Demitz, 

co-responsible for MXI development 

and other assignments as division head 

at Viscom. Post-classification software, 

of course, can also be used on such 

a system. Despite the ever increasing 

speed of the AXI solutions, manual X-ray 

remains an essential component in 

electronics production. Both reclaimed 

electronic assemblies and newly devel-

oped prototypes can be optimally in-

spected with MXI. Normally, this is done 

without taking cycle time into account. 

The inspection takes place between the 

tube and the pivotable detector (image 

converter) for as long as is necessary. 

The object arrives, e.g., on the rotat-

ing platform of a manipulator that the 

employee can maneuver upwards and 

downwards with a joystick. The most 

impressive characteristic of the results 

is the extremely high detail recognition, 

which also benefits 3D reconstructions 

from both rotary and planar CT. 

Naturally, certain automations can al-

ready be realized with a manual system: 

Position lists and classifications can be 

created for small series so only the lo-

cations that are actually relevant are 

inspected. For program creation, the 

operator can draw on CAD data, just 

as for in-line X-ray, and start a series 

inspection with fully automatic evalua-

tion. It is also conceivable that a maga-

zine connected to the system, with the 

assistance of an appropriate handling 

concept, will permit the inspection to 

run entirely independently without oth-

er intervention for a given time (batch 

operation). Even connection to the pro-

duction line is possible.

Wide offering for  
X-ray application
Viscom offers complete versatility for 

X-ray inspection of electronic assem-

blies. The X8011-II PCB is extremely 

successful in the MXI area. For heavy 

components up to 15 kg and a sample 

size of up to 722 mm diameter, the oth-

erwise similarly technically equipped 

system X8068 is ideally suited. For in-

line X-ray inspection, the X7056RS has 

been used around the world for many 

years. When purchasing, a majority of the 

users decide to integrate an appropriate 

optical inspection solution from Viscom. 

The new version of this popular system 

is the X7056-II – equipped with the in-

novative handling concept xFastFlow, 

which can in- and outfeed printed circuit 

boards in less than four seconds, and 

also designed as a combination option 

with 3D AXI and 3D AOI. 

The X7056 series offers the possibility 

to order the so-called “AOI-prepared” 

version, so the customer can deploy an 

AXI system that can later be quickly and 

economically extended with the AOI 

option. The X7056-II is available with 

the Viscom software vVision to offer the 

same ease of operation the company 

has already realized for its AOI as well 

as SPI and CCI systems; that is, also for 

solder paste and conformal coating in-

spection on electronic assemblies.
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Viscom offers a wide range of X-ray systems.
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