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摘要：本文介绍了一个运用 Xslicer SMX-6000微焦点 X射线检查装置的 X射线透视及 CT对大型电路板的实例观察。针对电路板中的
BGA透视放大后测量气泡率，再对晶体管中的绑定线透视放大观察细节，对于 PIN脚和 BGA采用 45度透视观察焊锡情况。最后介绍
了运用 CT观察 BGA和晶体管的内部气泡和绑定线，展示了 3D效果图。
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为了使电子产品更有效的工作，印刷电路板中密集的贴装
着电子元件、集成电路和金属绑定线。随着时间的推移，贴装在
电路板上的元件的密集度越来越高，电路板变得越来越紧凑。要
使得电路板正常工作，其组件必须无缺陷，部件必须正常连接。
然而，电路板的生产及制造涉及到一定程度的缺陷。因此，需要
检查及有效检测不良板并识别不良的原因。X射线透视观察就是

其中之一的方法。并且 X射线透视观察可以无破坏性的快速检查
样品的内部结构。此外，当电路板贴装密集且复杂时，透视观察
很难检查及分析，此时需要使用 X射线计算机断层扫描（CT）观
察确定。本文介绍了一个运用 Xslicer SMX-6000微焦点 X射线检
查装置 (带 PCT）的 X射线透视及 CT对大型电路板的实例观察。
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 Introduction 
Printed circuit boards are densely mounted with various 
electronic components, an integrated circuit, and metal wiring to 
enable electronic devices to function effectively. Over time, the 
density of the components mounted on circuit boards has 
become increasingly high and circuit boards have become 
increasingly compact. 
For a circuit board to operate properly, its components must be 
defect-free and the components must be connected correctly. 
However, in reality the production of circuit boards involves a 
certain level of defects. Accordingly, there is a need for inspection 
methods that detect defective boards efficiently and identify the 
cause of the defects. 
Fluoroscopic observation using X-rays is one of such inspection 
methods. X-ray fluoroscopic observation enables efficient 
inspections since the internal structure of samples can be 
checked quickly and non-destructively. Furthermore, when 
circuit boards are densely mounted with components in a 
complex manner and as such it is difficult to inspect and analyze 
them by fluoroscopic observation, the cause of defects can be 
identified by X-ray computed tomography (CT) observation.  
This article introduces an example observation of a large circuit 
board using the Xslicer SMX-6000 microfocus X-ray inspection 
system (Fig. 1) that can be used for X-ray fluoroscopic 
observation and X-ray CT observation. 

T. Hashimoto 
 

 
Fig. 1  Xslicer SMX-6000 Microfocus  

X-Ray Inspection System 
 

 Observation of a Mounted Circuit Board 
Using the Xslicer SMX-6000, we acquired multiple images of a 
circuit board. Fig. 2 shows an image of the exterior appearance 
of the circuit board and Figs. 3 and 4 show fluoroscopic images 
of the ball grid array (BGA, A in Fig. 2) and transistor (B in Fig. 2) 
respectively. A non-destructive inspection of internal structures 
can be performed by creating images based on the intensity of 
the X-rays. An object in a fluoroscopic image appears blacker the 
higher its density is and whiter the lower its density is. Since the 
stage of the Xslicer SMX-6000 is large, large circuit boards, such 
as the one shown in Fig. 2, can be accommodated so that each 
component can be observed without cutting the circuit board. 

 
Fig. 2  Exterior Image of an Electronic Circuit Board 

 

 
Fig. 3  Fluoroscopic Image of the BGA (A) and  

Void Ratio Measurement Results 
 

 
Fig. 4  Fluoroscopic Image of the Transistor (B) 

 
By increasing the observation magnification, voids in the BGA 
(Fig. 3) and the state of wire bonding (Fig. 4) can be observed in 
detail. In addition, pass (OK)/fail (NG) evaluation can be 
performed for BGAs based on arbitrary thresholds by extracting 
the solder bump sections and the void sections and calculating 
the void ratio (the yellow sections in Fig. 3 are voids). These 
measurements can also be performed with the later described CT 
cross-sectional images. 
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■实验部分
1.1 仪器
Xslicer SMX-6000微焦点 X射线检查装置（带 PCT）
1.2 分析条件 

X射线透视检查分析条件：
测试电压：140KV

测试电流：100μA

观察角度：0°和 45°
X射线 CT检查分析条件：
测试电压：140KV

测试电流：100μA

观察角度：60°
扫描模式：清晰
扫描时间：10min 

■结果与讨论
2.1 X射线透视观察
通过 Xslicer SMX-6000设备，我们获得了一块电路板的多种

图像。通过外观导航图功能获电路板的外观图像（如图 1），通
过 X射线透视分别获得 BGA（如图 1中 的 A部分）和晶体管（如
图 1中 的 B部分）的透视图像 (图 2和图 3)。从图中可以观察样
品内部结构，图像越黑，密度越大，图像越白，密度越小。而且
Xslicer SMX-6000设备是一款可以观察大型电路板的设备。

从图 1所示，在不破坏整块电路板的情况下，可以看到整
个电路板中的元件外观结构。通过放大观察，可以看到 BGA(图
2)中的气泡和绑定线（图 3）的尾部细节状态。另外，通过设定
OK/NG门槛值可以测定 BGA气泡率（图 2中的黄色部分）。

从图 4和图 5所示，插件的 PIN脚和 BGA的锡球这种结构
的组件是很难垂直观察到内部缺陷的。这时需要倾斜探测器有效
观察。通过从不同的角度观察，操作者可以直观的掌握结构，确
定缺陷部位。
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circuit board. Fig. 2 shows an image of the exterior appearance 
of the circuit board and Figs. 3 and 4 show fluoroscopic images 
of the ball grid array (BGA, A in Fig. 2) and transistor (B in Fig. 2) 
respectively. A non-destructive inspection of internal structures 
can be performed by creating images based on the intensity of 
the X-rays. An object in a fluoroscopic image appears blacker the 
higher its density is and whiter the lower its density is. Since the 
stage of the Xslicer SMX-6000 is large, large circuit boards, such 
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Fig. 2  Exterior Image of an Electronic Circuit Board 

 

 
Fig. 3  Fluoroscopic Image of the BGA (A) and  

Void Ratio Measurement Results 
 

 
Fig. 4  Fluoroscopic Image of the Transistor (B) 

 
By increasing the observation magnification, voids in the BGA 
(Fig. 3) and the state of wire bonding (Fig. 4) can be observed in 
detail. In addition, pass (OK)/fail (NG) evaluation can be 
performed for BGAs based on arbitrary thresholds by extracting 
the solder bump sections and the void sections and calculating 
the void ratio (the yellow sections in Fig. 3 are voids). These 
measurements can also be performed with the later described CT 
cross-sectional images. 
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图 1 电路板外观图
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Fig. 5  Fluoroscopic Images of Pins (C)  

(Left: No inclination, Right: Tilted at 45 degrees) 
 

 
Fig. 6  Fluoroscopic Images of the BGA (A)  

(Left: No inclination, Right: Tilted at 45 degrees) 
 

 
Fig. 7  MPR Images of the BGA 

 
 

As shown in Figs. 5 and 6, components with structures that are 
difficult to observe from a position directly above can be 
effectively observed by tilting the detector. By observing 
components from various angles, the operator can intuitively 
grasp the structure and gain an understanding of the defective 
areas. 
At the same time, it can be difficult to observe components even 
by tilting the detector when circuit boards have a multi-layer 
structure. In these cases, inspections can be performed by 
acquiring cross-sectional data using CT imaging. 
Multi-planar reconstruction (MPR) images acquired by CT 
imaging are presented in Fig. 7. An MPR image is created by 
displaying an arbitrary cross-section from a data set acquired by 
CT imaging; transverse section images (above left) and 
orthogonal longitudinal section images (above right and bottom 
left) can be observed simultaneously. The bottom right image is 
a high magnification image that was acquired separately. Defects 
can be detected and analyzed easily as the operator can observe 
a single specific cross-section. SMX-6000 employs a CT imaging 
method called inclined CT. This method is particularly suitable for 
acquiring high magnification images of large circuit boards. 

 
Fig. 8  3D Images of the BGA 

 

 
Fig. 9  MPR Images and a 3D image of the Transistor 

 
 

The image shown in Fig. 8 is a 3D display of the same data shown 
in Fig. 7. As with Fig. 7, the bottom right image is a high 
magnification image that was acquired separately. The relative 
positions of components and the overall structure can be 
grasped even more easily in these images than in fluoroscopic 
and MPR images. 
The images presented in Fig. 9 are of the transistor acquired at 
the same magnification as that used for Fig. 7. An inclined CT 
imaging system is advantageous because all components can be 
observed at high magnification regardless of their positions on 
the circuit board.  
The above left cross-sectional image demonstrates that many 
voids are highly concentrated at a layer of a certain height. The 
void ratio measurement presented in Fig. 3 can be applied to this 
image as well. In addition, the three-dimensional form of a wire 
can be checked easily by observing it with a 3D image. 
 

 Conclusion 
Inspection methods appropriate for the observation point and 
details can be selected when performing inspections with Xslicer 
SMX-6000. Any operator can perform inspections easily and 
efficiently with this system by acquiring data of the internal 
structures while switching between fluoroscopic observation 
and CT observation seamlessly.  
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2.2 X射线 CT观察
当电路板上有多层组件时，倾斜探测器很难观察清楚。在

这种情况下，检查分析就可以利用 CT成像获取横断面的数据。
如图 6所示，利用X射线CT就可以获得多平面重建（MPR）图像。

横截面图像（左上角）和正交纵断面图像（右上角和左下角）
可同时观察。右下角的图像是单独采集的放大图像，白色球里
面黑色部分是气泡。操作人员很容易从一个特定的截面分析和
检测出缺陷。SMX-6000的这种 CT检测方法叫做倾斜 CT，特
别适用大型电路板器件检查。

在图 7所示中，是由图 6中的数据虚拟出一个立体的 3D

图像。这比 X射线透视和 MPR图更直观的能够观察出缺陷。
在右下角放大图中可以清楚的看到气泡缺陷。

在图 8所示中的晶体管图像放大倍率是和图 7中的图像放
大率倍率是一样的，可以看到焊接部位有气泡及 3D图中显示
绑定线没有断开。
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void ratio measurement presented in Fig. 3 can be applied to this 
image as well. In addition, the three-dimensional form of a wire 
can be checked easily by observing it with a 3D image. 
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SMX-6000. Any operator can perform inspections easily and 
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 Introduction 
Printed circuit boards are densely mounted with various 
electronic components, an integrated circuit, and metal wiring to 
enable electronic devices to function effectively. Over time, the 
density of the components mounted on circuit boards has 
become increasingly high and circuit boards have become 
increasingly compact. 
For a circuit board to operate properly, its components must be 
defect-free and the components must be connected correctly. 
However, in reality the production of circuit boards involves a 
certain level of defects. Accordingly, there is a need for inspection 
methods that detect defective boards efficiently and identify the 
cause of the defects. 
Fluoroscopic observation using X-rays is one of such inspection 
methods. X-ray fluoroscopic observation enables efficient 
inspections since the internal structure of samples can be 
checked quickly and non-destructively. Furthermore, when 
circuit boards are densely mounted with components in a 
complex manner and as such it is difficult to inspect and analyze 
them by fluoroscopic observation, the cause of defects can be 
identified by X-ray computed tomography (CT) observation.  
This article introduces an example observation of a large circuit 
board using the Xslicer SMX-6000 microfocus X-ray inspection 
system (Fig. 1) that can be used for X-ray fluoroscopic 
observation and X-ray CT observation. 
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Fig. 1  Xslicer SMX-6000 Microfocus  

X-Ray Inspection System 
 

 Observation of a Mounted Circuit Board 
Using the Xslicer SMX-6000, we acquired multiple images of a 
circuit board. Fig. 2 shows an image of the exterior appearance 
of the circuit board and Figs. 3 and 4 show fluoroscopic images 
of the ball grid array (BGA, A in Fig. 2) and transistor (B in Fig. 2) 
respectively. A non-destructive inspection of internal structures 
can be performed by creating images based on the intensity of 
the X-rays. An object in a fluoroscopic image appears blacker the 
higher its density is and whiter the lower its density is. Since the 
stage of the Xslicer SMX-6000 is large, large circuit boards, such 
as the one shown in Fig. 2, can be accommodated so that each 
component can be observed without cutting the circuit board. 

 
Fig. 2  Exterior Image of an Electronic Circuit Board 

 

 
Fig. 3  Fluoroscopic Image of the BGA (A) and  

Void Ratio Measurement Results 
 

 
Fig. 4  Fluoroscopic Image of the Transistor (B) 

 
By increasing the observation magnification, voids in the BGA 
(Fig. 3) and the state of wire bonding (Fig. 4) can be observed in 
detail. In addition, pass (OK)/fail (NG) evaluation can be 
performed for BGAs based on arbitrary thresholds by extracting 
the solder bump sections and the void sections and calculating 
the void ratio (the yellow sections in Fig. 3 are voids). These 
measurements can also be performed with the later described CT 
cross-sectional images. 
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Fig. 5  Fluoroscopic Images of Pins (C)  

(Left: No inclination, Right: Tilted at 45 degrees) 
 

 
Fig. 6  Fluoroscopic Images of the BGA (A)  
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Fig. 7  MPR Images of the BGA 

 
 

As shown in Figs. 5 and 6, components with structures that are 
difficult to observe from a position directly above can be 
effectively observed by tilting the detector. By observing 
components from various angles, the operator can intuitively 
grasp the structure and gain an understanding of the defective 
areas. 
At the same time, it can be difficult to observe components even 
by tilting the detector when circuit boards have a multi-layer 
structure. In these cases, inspections can be performed by 
acquiring cross-sectional data using CT imaging. 
Multi-planar reconstruction (MPR) images acquired by CT 
imaging are presented in Fig. 7. An MPR image is created by 
displaying an arbitrary cross-section from a data set acquired by 
CT imaging; transverse section images (above left) and 
orthogonal longitudinal section images (above right and bottom 
left) can be observed simultaneously. The bottom right image is 
a high magnification image that was acquired separately. Defects 
can be detected and analyzed easily as the operator can observe 
a single specific cross-section. SMX-6000 employs a CT imaging 
method called inclined CT. This method is particularly suitable for 
acquiring high magnification images of large circuit boards. 
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Fig. 9  MPR Images and a 3D image of the Transistor 

 
 

The image shown in Fig. 8 is a 3D display of the same data shown 
in Fig. 7. As with Fig. 7, the bottom right image is a high 
magnification image that was acquired separately. The relative 
positions of components and the overall structure can be 
grasped even more easily in these images than in fluoroscopic 
and MPR images. 
The images presented in Fig. 9 are of the transistor acquired at 
the same magnification as that used for Fig. 7. An inclined CT 
imaging system is advantageous because all components can be 
observed at high magnification regardless of their positions on 
the circuit board.  
The above left cross-sectional image demonstrates that many 
voids are highly concentrated at a layer of a certain height. The 
void ratio measurement presented in Fig. 3 can be applied to this 
image as well. In addition, the three-dimensional form of a wire 
can be checked easily by observing it with a 3D image. 
 

 Conclusion 
Inspection methods appropriate for the observation point and 
details can be selected when performing inspections with Xslicer 
SMX-6000. Any operator can perform inspections easily and 
efficiently with this system by acquiring data of the internal 
structures while switching between fluoroscopic observation 
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C 

A 

Cross-sectional image 

Cross-sectional image 

Cross-sectional image 

Enlarged 

Enlarged 

3D image

Cross-sectional image

Cross-sectional image

Cross-sectional image

3D image 

 
 

 

Application 
News 

No. N132 

First Edition: May 2018

 
 
 

For Research Use Only. Not for use in diagnostic procedure. 

This publication may contain references to products that are not available in your country. Please contact us to check the availability of these 
products in your country. 
 
The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written approval of Shimadzu.  
Shimadzu disclaims any proprietary interest in trademarks and trade names used in this publication other than its own.  
See http://www.shimadzu.com/about/trademarks/index.html for details. 
 
The information contained herein is provided to you "as is" without warranty of any kind including without limitation warranties as to its  
accuracy or completeness. Shimadzu does not assume any responsibility or liability for any damage, whether direct or indirect, relating to the  
use of this publication. This publication is based upon the information available to Shimadzu on or before the date of publication, and subject  
to change without notice. 

© Shimadzu Corporation, 2018

www.shimadzu.com/an/ 

 

 
Fig. 5  Fluoroscopic Images of Pins (C)  

(Left: No inclination, Right: Tilted at 45 degrees) 
 

 
Fig. 6  Fluoroscopic Images of the BGA (A)  

(Left: No inclination, Right: Tilted at 45 degrees) 
 

 
Fig. 7  MPR Images of the BGA 

 
 

As shown in Figs. 5 and 6, components with structures that are 
difficult to observe from a position directly above can be 
effectively observed by tilting the detector. By observing 
components from various angles, the operator can intuitively 
grasp the structure and gain an understanding of the defective 
areas. 
At the same time, it can be difficult to observe components even 
by tilting the detector when circuit boards have a multi-layer 
structure. In these cases, inspections can be performed by 
acquiring cross-sectional data using CT imaging. 
Multi-planar reconstruction (MPR) images acquired by CT 
imaging are presented in Fig. 7. An MPR image is created by 
displaying an arbitrary cross-section from a data set acquired by 
CT imaging; transverse section images (above left) and 
orthogonal longitudinal section images (above right and bottom 
left) can be observed simultaneously. The bottom right image is 
a high magnification image that was acquired separately. Defects 
can be detected and analyzed easily as the operator can observe 
a single specific cross-section. SMX-6000 employs a CT imaging 
method called inclined CT. This method is particularly suitable for 
acquiring high magnification images of large circuit boards. 

 
Fig. 8  3D Images of the BGA 

 

 
Fig. 9  MPR Images and a 3D image of the Transistor 

 
 

The image shown in Fig. 8 is a 3D display of the same data shown 
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positions of components and the overall structure can be 
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void ratio measurement presented in Fig. 3 can be applied to this 
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