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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对智能手机的实例观察。通过透视可以观察
整个智能手机的全景图，再针对相机、USB端口和 BGA放大透视观察。再对 BGA进行 CT扫描，可以观察 BGA的内部气泡、PCB基
板与 BGA焊接面的结构，运用设备自带测量功能对 BGA CT截面进行气泡测量并判断气泡 OK/NG、真圆度和直径。最后对 BGA进行
缺陷分析并展示半透明效果图。
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与平板电脑一样，智能手机是广泛使用的移动设备。在这
些电子设备中，各种电子部件被有效地安装在有限的空间中，以
便同时实现高移动性和高性能。

随着这种设备的发展，它们的内部结构变得越来越复杂。
同时，电子元件的制造涉及一定的缺陷率。损坏的组件不

仅会中断设备的运行，还会导致火灾和爆炸等事故。因此，产品

的缺陷检查对于实现安全可靠的电子设备极为重要。
一种检查方法是使用X射线检查系统对产品进行内部观察。

X射线检查具有优势，因为它们可以实现具有非破坏性的内部观
察，意味着可以在与产品投放市场相同的状态下对其进行检查。

本文介绍了使用 Xslicer SMX-6000微焦点 X射线检查系统
对智能手机进行观察的示例。
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 Introduction 
As with tablets, smartphones are widely used mobile devices. In 
these electronic devices, various electronic components are 
mounted effectively in a limited amount of space in order to 
achieve high mobility and high performance concurrently. 
Along with the evolution of such devices, their internal 
structure is becoming increasingly complex. 
Meanwhile, the manufacturing of electronic components 
involves a certain rate of defect. Defective components not only 
interrupt the operation of devices but also can cause accidents 
including fire and explosion. Accordingly, defect inspections of 
products are extremely important to achieve safe and reliable 
electronic devices. 
One of the methods for such inspections is the internal 
observation of a device using an X-ray inspection system. X-ray 
inspections are advantageous because they enable non-
destructive internal observation meaning that products can be 
inspected in the same state as that they are placed on the 
market. 
This article introduces an example observation of a smartphone 
using the Xslicer SMX-6000 microfocus X-ray inspection system 
(Fig. 1). 
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Fig. 1  Xslicer SMX-6000 Microfocus 

X-Ray Inspection System 
 

 Observation of a Smartphone 
Fig. 2 is a fluoroscopic image taken using Xslicer SMX-6000 
(using the panorama function). A lithium-ion battery is in the 
central area and a u-shaped electronic circuit board surrounds 
the battery. In addition, a camera (A), a USB port (B), and other 
electronic components are mounted around them. Through 
fluoroscopic observation of the entire product, the general 
internal conditions and placements of components can be 
viewed at a glance. 

 
Fig. 2  Fluoroscopic Image of a Smartphone  

(Taken using the panorama function) 
 
Figs. 3 to 5 are high magnification images of the components A 
to C in Fig. 2. Each image was taken by changing the 
observation magnification and angle. Defects can be detected 
effectively and conveniently since images optimal for 
inspection items can be obtained easily and quickly. Fig. 5 
shows that there are multiple voids in the ball grid array (BGA). 
However, defects may be difficult to identify when the structure 
is complex with many layers; for example, components may 
appear as overlapped in the fluoroscopic images. X-ray 
computed tomography (CT) imaging is useful in such cases. 
 

 
Fig. 3  Fluoroscopic Image of the Camera (A) 

 

 
Fig. 4  Fluoroscopic Image of the USB Port (B) 

 

Battery 
A

C
D

B

A

B

 

Application 
News 

No. N130 

Microfocus X-Ray Inspection System
 

An Example Observation of a Smartphone  
Using Xslicer SMX-6000 

 

LAAN-A-ND-E021

 Introduction 
As with tablets, smartphones are widely used mobile devices. In 
these electronic devices, various electronic components are 
mounted effectively in a limited amount of space in order to 
achieve high mobility and high performance concurrently. 
Along with the evolution of such devices, their internal 
structure is becoming increasingly complex. 
Meanwhile, the manufacturing of electronic components 
involves a certain rate of defect. Defective components not only 
interrupt the operation of devices but also can cause accidents 
including fire and explosion. Accordingly, defect inspections of 
products are extremely important to achieve safe and reliable 
electronic devices. 
One of the methods for such inspections is the internal 
observation of a device using an X-ray inspection system. X-ray 
inspections are advantageous because they enable non-
destructive internal observation meaning that products can be 
inspected in the same state as that they are placed on the 
market. 
This article introduces an example observation of a smartphone 
using the Xslicer SMX-6000 microfocus X-ray inspection system 
(Fig. 1). 

T. Hashimoto 
 

 
Fig. 1  Xslicer SMX-6000 Microfocus 

X-Ray Inspection System 
 

 Observation of a Smartphone 
Fig. 2 is a fluoroscopic image taken using Xslicer SMX-6000 
(using the panorama function). A lithium-ion battery is in the 
central area and a u-shaped electronic circuit board surrounds 
the battery. In addition, a camera (A), a USB port (B), and other 
electronic components are mounted around them. Through 
fluoroscopic observation of the entire product, the general 
internal conditions and placements of components can be 
viewed at a glance. 

 
Fig. 2  Fluoroscopic Image of a Smartphone  

(Taken using the panorama function) 
 
Figs. 3 to 5 are high magnification images of the components A 
to C in Fig. 2. Each image was taken by changing the 
observation magnification and angle. Defects can be detected 
effectively and conveniently since images optimal for 
inspection items can be obtained easily and quickly. Fig. 5 
shows that there are multiple voids in the ball grid array (BGA). 
However, defects may be difficult to identify when the structure 
is complex with many layers; for example, components may 
appear as overlapped in the fluoroscopic images. X-ray 
computed tomography (CT) imaging is useful in such cases. 
 

 
Fig. 3  Fluoroscopic Image of the Camera (A) 

 

 
Fig. 4  Fluoroscopic Image of the USB Port (B) 

 

Battery 
A

C
D

B

A

B

■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
图 1是使用 Xslicer SMX-6000拍摄的透视图像（使用全景功

能）。锂离子电池位于中央区域，U型电子电路板围绕电池。另外，
相机 (A),USB端口（B）和其他电子组件贴装在它们周围。通过对
整个产品进行 X光透视观察，可以一目了然地查看组件的总的内
部状况和元件贴装位置。

图 2至图 4是图 1中的区域 A至 C的高放大倍率的图像。
通过改变观察倍率和角度来拍摄每个图像。由于可以轻松快捷地
获得最适合检查项目的图像，因此可以有效、方便地检测出缺陷。
图 4中显示球栅阵列（BGA）中存在多个空隙。

但是，当结构复杂且具有许多层时，可能很难识别缺陷。例如，
X射线计算机断层扫描（CT）成像在这种情况下很有用。
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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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Figs. 3 to 5 are high magnification images of the components A 
to C in Fig. 2. Each image was taken by changing the 
observation magnification and angle. Defects can be detected 
effectively and conveniently since images optimal for 
inspection items can be obtained easily and quickly. Fig. 5 
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However, defects may be difficult to identify when the structure 
is complex with many layers; for example, components may 
appear as overlapped in the fluoroscopic images. X-ray 
computed tomography (CT) imaging is useful in such cases. 
 

 
Fig. 3  Fluoroscopic Image of the Camera (A) 

 

 
Fig. 4  Fluoroscopic Image of the USB Port (B) 

 

Battery 
A

C
D

B

A

B

图 1 智能手机 X光透视全景图电池



2.2 X射线 CT观察
图 5示出了通过 CT成像在低倍率和告别了下获取与图 4

相同的截面的图像。第 1层和第 2层是从同一成像数据获得的
两个不同层的数据的图像。可以使用第 1层来观察电子电路线
路中有没有断开连接，并确保正确的焊接了 BGA 焊点。第 2

层可用于检查 BGA中任意层的空隙分布。通过改变放大率可用
于图像采集的视野的大小或提取不同层的数据，也可以从单个
观察点获得各种数据。

图 6示出了使用 BGA测量功能从图 5中的 CT横截面图像
获得的空隙率计算的结果。使用该检查系统，无需复杂的参数
设置即可轻松的进行测量。此外，通过设置任意合格 /不合格
标准，可以一眼识别出有缺陷的部分。（测试通过（OK）的部
分显示为绿色，失败（NG）的部分显示为红色。）除了如图 7

所示的基于空隙率的 OK/NG评估之外，可以评估 BGA的直径
和真圆度 .

图 7示出了从 CT成像数据生成的 BGA（图 1中的 D部位）
的透视图像和横截面图像以及同一 BGA的三维（3D）图像。
通过 X射线检查很难掌握这种 BGA的结构，因为它由多层组成，
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Fig. 5  Fluoroscopic Image of a BGA (C) 

 

 
Fig. 6  Cross-Sectional Images of a BGA (C) 

 

 
Fig. 7  Measurement of BGA (C) Voids 

 

Fig. 6 shows images of the same section as Fig. 5 acquired by CT 
imaging at low and high magnifications. Layer 1 and Layer 2 are 
images of the data of two different layers obtained from the 
same imaging data. Layer 1 can be used to ensure that there is 
no disconnection in the electronic circuit pattern and that the 
solder bumps are properly bonded. Layer 2 can be used to 
check the void distribution at an arbitrary height. Various data 
can be obtained from a single observation point by changing 
the size of the field of view for image acquisition or by 
extracting the data of different layers. 
Fig. 7 presents the results of the void ratio calculation obtained 
from the cross-sectional images in Fig. 6 using the BGA 
measurement function. With this inspection system, 
measurements can be performed easily without the need for 
complex parameter settings. Furthermore, defective sections 
can be identified at a glance by setting arbitrary pass/fail criteria. 
(Sections that pass (OK) are shown in green and sections that 
fail (NG) are shown in red.) In addition to pass/fail evaluations 
based on void ratios as presented in Fig. 7, evaluations can also 
be based on bump diameters or bump roundness. 

 
Fig. 8  Fluoroscopic Image, Cross-Sectional Images,  

and 3D Image of a BGA (D) 
 
 

 
Fig. 9  Defect Analysis of a BGA (C) 

 
Fig. 8 shows a fluoroscopic image and cross-sectional images of 
a BGA (D in Fig. 2) and a three-dimensional (3D) image of the 
same BGA generated from the CT imaging data. It is extremely 
difficult to grasp the structure of this BGA by fluoroscopic 
observation because it consists of multiple layers and resistors 
are arranged above and below the layers. In such cases, cross-
sectional images and 3D images generated from the CT 
imaging data are useful. 
Fig. 9 is an image of a defect analysis obtained using a 3D image 
processing software based on the CT imaging data of a BGA (C). 
The results are visualized by displaying only the voids in color 
and making the solder bumps semi-transparent. 
The analysis result data such as the volume, diameter, and 
position of the voids can be converted into graphs or tables as 
a CSV file. 
 

 Conclusion 
Xslicer SMX-6000 can be used for a wide range of observations 
and analyses in accordance with the inspection purpose and 
the samples to be observed. Since the observations and 
analyses introduced in this article can be performed easily and 
immediately by anyone, the Xslicer SMX-6000 is an extremely 
useful tool for the inspections of electric/electronic devices 
whose structures are becoming increasingly complex. 
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 Observation of a Smartphone 
Fig. 2 is a fluoroscopic image taken using Xslicer SMX-6000 
(using the panorama function). A lithium-ion battery is in the 
central area and a u-shaped electronic circuit board surrounds 
the battery. In addition, a camera (A), a USB port (B), and other 
electronic components are mounted around them. Through 
fluoroscopic observation of the entire product, the general 
internal conditions and placements of components can be 
viewed at a glance. 
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Figs. 3 to 5 are high magnification images of the components A 
to C in Fig. 2. Each image was taken by changing the 
observation magnification and angle. Defects can be detected 
effectively and conveniently since images optimal for 
inspection items can be obtained easily and quickly. Fig. 5 
shows that there are multiple voids in the ball grid array (BGA). 
However, defects may be difficult to identify when the structure 
is complex with many layers; for example, components may 
appear as overlapped in the fluoroscopic images. X-ray 
computed tomography (CT) imaging is useful in such cases. 
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same BGA generated from the CT imaging data. It is extremely 
difficult to grasp the structure of this BGA by fluoroscopic 
observation because it consists of multiple layers and resistors 
are arranged above and below the layers. In such cases, cross-
sectional images and 3D images generated from the CT 
imaging data are useful. 
Fig. 9 is an image of a defect analysis obtained using a 3D image 
processing software based on the CT imaging data of a BGA (C). 
The results are visualized by displaying only the voids in color 
and making the solder bumps semi-transparent. 
The analysis result data such as the volume, diameter, and 
position of the voids can be converted into graphs or tables as 
a CSV file. 
 

 Conclusion 
Xslicer SMX-6000 can be used for a wide range of observations 
and analyses in accordance with the inspection purpose and 
the samples to be observed. Since the observations and 
analyses introduced in this article can be performed easily and 
immediately by anyone, the Xslicer SMX-6000 is an extremely 
useful tool for the inspections of electric/electronic devices 
whose structures are becoming increasingly complex. 
 

C 

Enlarged 

Enlarged 

Layer 1 

Layer 2 

Cross-sectional image 

BGA Measurement 
Result 

Total BGA : 225 

OK (Green) : 138  

NG (Red) : 87  

NG Judgement 
Criteria 

Total Void Ratio : 
50.0 %  

Max Void Ratio : 
40.0 % 

Void measurement 

D 3D image 

Cross-sectional image Cross-sectional image 

Defect analysis

并且在层的上方和下方贴装有电阻。在这种情况下，有 CT成
像数据生成的断层图像和 3D图像是有用的。图 8是使用基于
BGA(C部位 )的 CT成像数据的 3D图像处理软件获得的缺陷分
析的图像。通过仅显示颜色的空隙并使 BGA焊点为半透明，可
以使结果可视化。还可以将分析结构数据（如空隙的体积，直
径和位置）转换为 CSV文件形式的图形或表格。
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■结论
Xslicer SMX-6000可以根据检查目的和要观察的样品进行

广泛的观察和分析。由于本文中介绍的观察和分析都可以容易
地由任何人进行，因此 Xslicer SMX-6000是检查结构日益复杂
的电子电器部品的极为有用的工具。

⸺内容翻译自岛津 GADC 编号 LAAN-A-ND-E021

图 8  BGA(C部位 )缺陷分析图
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