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摘要：本文介绍了一个运用 SMX-1000Plus微焦点 X射线检查装置选配软件 -BGA自动判断软件对 BGA的实例观察。通过对整个
BGA的检查，不但可以自动判断 BGA的短路和少锡，还可以自动判断气泡 OK/NG、真圆度和直径。通过自动判断软件检查，可以减
少人工判断的失误和加大检测效率。
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对于控制电路设备来说，安装了各种电子元器件的电路板
是必不可少的。为了电路板能够正常工作，其电子元件器不应该
受到任何实质性的损坏，并且必须将其适当的贴装在上面。然而，
当将部件结合在电路板上时，缺陷会以一定比例发生。因此，检
查过程起着非常重要的作用，因为通过该过程，可以在早期阶段
检测出缺陷元器件和焊接缺陷，并从生产过程中将其清除和找出
缺陷的原因。

SMX-1000Plus微焦点 X射线检查装置可用于电路板和电子

元器件的缺陷检查。由于可以获得实时的 X光透视图像而不会损
坏被检查的样品，因此可以通过 X射线检查快速检测出有缺陷的
元件和焊接缺陷。

此外，SMX-1000Plus设备具有可选配的自动判断软件，可
提高检查效率。通过使用此选项，可以像外观自动光学检查机一
样执行自动检查。

本文介绍了使用 SMX-1000Plus自动判断软件对 BGA进行
检查的实例。
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 Introduction 
Various electronic components are mounted on electronic 
circuit boards which are indispensable for controlling 
electronic devices. For an electronic circuit board to operate 
properly, its electronic components should not have any 
substantial damage and the components must be 
appropriately bonded to it. However, defects occur at a 
certain rate when bonding components to electronic circuit 
boards. Accordingly, the inspection process serves an 
important role as it is through this process that defective 
components and soldering defects are detected and 
removed from the production process at an early stage and 
the cause of the defects are identified. 
The SMX-1000 Plus microfocus X-ray inspection system 
(Fig. 1) is useful for such defect inspections of electronic 
circuit boards and electronic components. Defective 
components and soldering defects can be detected quickly 
by X-ray inspections since real-time fluoroscopic images can 
be obtained without damaging the object that is being 
inspected. 
Furthermore, SMX-1000 Plus features an optional automatic 
measurement system that can make inspections more 
efficient. Inspections that conventionally have been 
performed as visual inspections can be automated by using 
this option. 
This article introduces an example of inspections that are 
possible using the automatic measurement system of SMX-
1000 Plus. 

T. Hashimoto 
 

 
Fig. 1  SMX-1000 Plus Microfocus X-Ray Inspection System 

 

 Solder Bump Observation 
Fig. 2 is a fluoroscopic image of a test workpiece with rows 
of equally spaced solder bumps. Taken with a large field of 
view, Fig. 2-① enables the operator to check a few hundred 
solder bumps in one image. Defects such as insufficient 
amount of solder or bridged bumps can be detected from 
this fluoroscopic image.  

 
Fig. 2  Fluoroscopic Images of Solder Bumps 

(Red arrow: Defect) 

 
However, since the bump diameter in the image becomes 
smaller the larger the field of view is, the operator may not 
be able to detect small defects by observing this image. 
When the observation magnification is increased as with 
Fig. 2-②, the shape of the bumps can be observed in detail 
thereby allowing defects of the bumps, such as those shown 
by red arrows in the image, to be detected easily. High 
magnification images enable inspections with higher 
precision since minute defects that may not be detected in 
low magnification images can be observed in detail. 
However, increasing the observation magnification results 
in a limited field of view and more images must be taken and 
checked in order to inspect the same area that is shown in 
Fig. 2-①. Such an inspection is time and effort consuming. 
 

① Low magnification 

② High magnification 
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① Low magnification 

② High magnification 

■实验部分
1.1 仪器
SMX-1000Plus微焦点 X射线检查装置
1.2 分析条件 

X射线透视检查分析条件：
测试电压：90KV

测试电流：100μA

■结果与讨论
2.1 BGA气泡观察
图 1是具有成排的等距的 BGA测试工件的透视图像。图 1-①

中图像是大视野拍摄的图像，使操作员可以在一幅图像中检查数
百个 BGA焊点。从该透视图中可以检测出诸如锡少或者短路之
类的缺陷。

但是，由于视野越大，图像中的 BGA焊球直径越小，因此
操作者可能无法通过观察该图像来检测小的缺陷。

当观察放大率如图 1-②那样放大的图像时，可以详细的观
察 BGA的形状，从而可以容易地检测出 BGA的缺陷，例如图像
中的红色箭头所示。高发放大倍率的图像可以进行更高精度的检
查，因为可以详细的观察到低放大倍率图像中可能无法检测到的
微小缺陷。

但是，增加观察倍率会导致视野受限，并且必须拍的并检查
更多图像才能检查出图 1-①中所示的相同区域。这种检查是比较
费时费力的。

观察角度：0° 
SDD ：350mm
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① Low magnification 

② High magnification 

图 1 BGA透视图（红色箭头所指是缺陷）

① 低放大倍率 

②高放大倍率



使用 SMX-1000Plus设备的以下功能可以有效地执行检查：
图像采集编程功能（步进功能和教学功能）和自动判断软件。

两种类型的图像采集编程功能的示意图如图 2所示。图像
采集区域由橙色和粉红色方块表示。步进功能自动以相等的间
隔和放大倍数获取图像。教学功能根据操作员注册的位置和设
定的观察条件自动获取图像。通过将这些功能和后面描述的自
动判断软件结合起来，不仅可以减少检查所需要的时间和精力，
而且可以大大减少人为错误。

图 3显示了使用自动判断软件的 BGA测量功能对图 1中
所示的相同测试样品进行检查的示例。通过基于亮度数据（图
像中的灰色阴影）从使用图像获取程序功能获得图像中自动提
取 BGA来测量 BGA的直径。

此外，如图 3所示，可以通过测量结果执行通过（OK）/

失败（NG）来评估。作为该系统的判断功能的一个特征，判断
标准设置除了“OK”和“NG”还包括了“Gray”。“Gray”
标准可用于自动判断可能无法正确判断的范围。稍后可以通过
人工目视检查被判断为灰色的部分，以进一步提高检查的准确
性。除了 BGA直径，该系统还可以测量总的气泡空隙率，单个
气泡空隙率和每个 BGA的真圆度。

此外，该系统使操作员不仅可以对单个 BGA 进行 OK/

Gray/NG判断，而且还可以同时对单个图像判断。图 4是这种
同时判断的一个例子：对样品的四个部位进行自动图像采集和
自动判断。由于图像①的所有 BGA都被判断为 OK，因此整个
图像也被判定为 OK。在图像②中，BGA气泡测试为 OK，但是
基于直径判断标准有一个 BGA判断为 Gray和另一个 BGA判
断为 NG，因此图像②判断为 NG。对于图像③，由于气泡率稍
高，一个 BGA被判断为 Gray,因此该图像也被判断为 Gray。
图像④根据 BGA直径和气泡率标准，将其中一个 BGA判断为
Gray，由于总 BGA数少于 25个，因此整个图像判断为 NG。
根据这些示例，该软件不仅可以判断单个 BGA，还可以判断整
个图像中的 BGA。
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Fig. 3  Image Acquisition Program Function  

(Left: Step feed function, Right: Teaching function) 
 

 
Fig. 4  BGA Measurement: OK/Gray/NG Judgment by Bump Size  
(Red frame: bumps judged as NG, Gray frame: bumps judged as 

Gray, No frame: bumps judged as OK) 
 
Inspections can be performed efficiently by using the following 
features of SMX-1000 Plus: the image acquisition program 
functions (step feed function and teaching function) and the 
automatic measurement system. 
Diagrams of the two types of image acquisition program 
functions are shown in Fig. 3. Image acquisition areas are 
indicated by the orange and pink squares. The step feed 
function automatically acquires images at equal intervals and 
magnification. The teaching function automatically acquires 
images based on the positions and observation conditions 
registered by the operator. By combining these functions and 
the later described automatic measurement system, not only 
can time and effort required for inspections be reduced but also 
human errors can be reduced dramatically. 
Fig. 4 shows an example of an inspection of the same test 
workpiece shown in Fig. 2 using the BGA measurement 
function of the automatic measurement system. Bump 
diameters are measured by automatically extracting the solder 
bumps from the image obtained by using the image 
acquisition program function based on the brightness data (the 
gray shades in the image).  
Furthermore, as shown in Fig. 4, pass (OK)/fail (NG) evaluation 
can be performed using the measurement results. As a feature 
of the judgment function of this system, the judgment criteria 
settings include "Gray" in addition to OK and NG. The Gray 
criterion can be used for the range that may not be judged 
correctly by mechanical judgment. The sections judged as Gray 
can later be checked visually to further enhance the certainty of 
the inspection. In addition to bump diameters, this system can 
also measure the total void ratio, the maximum void ratio, and 
the roundness of each bump. 

 
Fig. 5  BGA Measurement: OK/Gray/NG Judgment  

by Multiple Criteria 
(Red frame: bumps judged as NG, Gray frame: bumps judged as 

Gray, No frame: bumps judged as OK) 
 
Furthermore, this system enables the operator to perform 
OK/Gray/NG evaluation not only for individual bumps but also 
for individual images at the same time. Fig. 5 is an example of 
such simultaneous evaluations: automatic image acquisition 
and automatic measurement were performed for four sections 
of the workpiece. Since all bumps in the field of view of 
image ① were judged as OK, the image was also judged as OK. 
The judgment of image ② was NG since one bump was judged 
as NG and another bump was judged as Gray based on the 
diameter criterion. As for image ③, one bump was judged as 
Gray due to a slightly high void ratio and therefore the image 
was also judged as Gray. Although only one bump in image ④ 
was judged as Gray based on the bump diameter and the void 
ratio criteria, the image was judged as NG since the number of 
bumps extracted was lower than 25. As demonstrated by these 
examples, this software enables the evaluation of not only 
individual objects but also the entire image. 
 

 Conclusion 
Soldering defect inspections for electronic circuit boards can be 
performed faster and efficiently by using the automatic 
measurement system of SMX-1000 Plus. In addition to the 
solder bump inspections introduced in this article, this system 
can be used for various other samples and inspections. 
 

Bump Size  
Judgment 

OK 
Bump Size: 90 to 120 μm 
Counts: 23 

Gray 
Bump Size: 80 to 90 μm 
 120 to 130 μm 
Counts: 1 

NG 
Bump Size: less than 80 μm 
 
Counts: 1 

Gray 

NG 

Each Bump Judgment Area Judgment 

OK: 25 OK ①

OK: 23 Gray: 1 NG: 1 NG ②

OK: 24 Gray: 1 Gray ③

OK: 20 Gray: 1 NG ④

Gray

Gray 

Gray NG 

① ② 

③ ④ 

图 3 BGA气泡测量功能（OK/NG/Gray判断）
（红色框：判断为 NG气泡；灰色框：判断为 Gray气泡；无框：

判断为 OK气泡）

图 4 BGA气泡测量功能（通过多种标准 OK/NG/Gray判断）
（红色框：判断为 NG气泡；灰色框：判断为 Gray气泡；无框：

判断为 OK气泡）
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■结论
使用 SMX-1000Plus自动判断软件，可以更快更有效的执

行电路板的焊接缺陷检查。除了本文介绍 BGA焊点检查外，该
系统还可以用于其他各种样品的检查。
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Diagrams of the two types of image acquisition program 
functions are shown in Fig. 3. Image acquisition areas are 
indicated by the orange and pink squares. The step feed 
function automatically acquires images at equal intervals and 
magnification. The teaching function automatically acquires 
images based on the positions and observation conditions 
registered by the operator. By combining these functions and 
the later described automatic measurement system, not only 
can time and effort required for inspections be reduced but also 
human errors can be reduced dramatically. 
Fig. 4 shows an example of an inspection of the same test 
workpiece shown in Fig. 2 using the BGA measurement 
function of the automatic measurement system. Bump 
diameters are measured by automatically extracting the solder 
bumps from the image obtained by using the image 
acquisition program function based on the brightness data (the 
gray shades in the image).  
Furthermore, as shown in Fig. 4, pass (OK)/fail (NG) evaluation 
can be performed using the measurement results. As a feature 
of the judgment function of this system, the judgment criteria 
settings include "Gray" in addition to OK and NG. The Gray 
criterion can be used for the range that may not be judged 
correctly by mechanical judgment. The sections judged as Gray 
can later be checked visually to further enhance the certainty of 
the inspection. In addition to bump diameters, this system can 
also measure the total void ratio, the maximum void ratio, and 
the roundness of each bump. 

 
Fig. 5  BGA Measurement: OK/Gray/NG Judgment  

by Multiple Criteria 
(Red frame: bumps judged as NG, Gray frame: bumps judged as 

Gray, No frame: bumps judged as OK) 
 
Furthermore, this system enables the operator to perform 
OK/Gray/NG evaluation not only for individual bumps but also 
for individual images at the same time. Fig. 5 is an example of 
such simultaneous evaluations: automatic image acquisition 
and automatic measurement were performed for four sections 
of the workpiece. Since all bumps in the field of view of 
image ① were judged as OK, the image was also judged as OK. 
The judgment of image ② was NG since one bump was judged 
as NG and another bump was judged as Gray based on the 
diameter criterion. As for image ③, one bump was judged as 
Gray due to a slightly high void ratio and therefore the image 
was also judged as Gray. Although only one bump in image ④ 
was judged as Gray based on the bump diameter and the void 
ratio criteria, the image was judged as NG since the number of 
bumps extracted was lower than 25. As demonstrated by these 
examples, this software enables the evaluation of not only 
individual objects but also the entire image. 
 

 Conclusion 
Soldering defect inspections for electronic circuit boards can be 
performed faster and efficiently by using the automatic 
measurement system of SMX-1000 Plus. In addition to the 
solder bump inspections introduced in this article, this system 
can be used for various other samples and inspections. 
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