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            Abstract 
TDK offers the Open Mode inner electrode design on a limited cap range of commercially 
available MLCCs.  Due to their physical size, MLCCs greater than 0805 (C2012) case size 
are less than 1.0mm thickness are of higher risk for board flex cracks. Decreasing the active  
area of the traditional overlap design prevents the potential crack path from penetrating a 
counterelectrode. 
 

 
 

 
 
   
 
 

  
 

Open Mode and the “1210 Rule” 
Frequently asked questions regarding TDK’s inner electrode 
design which reduce the risk of electrical short in the event of 
a board flex crack. 
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Open Mode 
 

Frequently asked questions regarding TDK’s 
inner electrode design which reduces the 

risk of electrical short in the event of a board 
flex crack. 

 
By Steve Maloy 

TDK Components USA, Inc. 
 

 
Q1. What is an "Open Mode" 
capacitor? 
In response to the market demand for a 
reduced risk MLCC with respect to board 
flexure cracks, TDK introduced a unique 
inner electrode design that compensates for 
the typical crack path induced by PCB 
bending.  This "Y" crack has been well 
documented as a signature crack for board 
flexure [1] and has been a leading cause of 
MLCC failures in the market for years. 
   
Excessive board bending during PCB 
manufacturing or final assembly is common, 
and the brittle nature of ceramic components 
is especially prone to damage after soldered   
to the PCB.  TDK has responded to this 
problem with the Open Mode MLCC for 
applications where flex cracking is a high 
concern (see illustration in Figure 1). 
 

 
                                  Figure 1 
 
Q2. How can board flexure cause a 
shorted capacitor? 
Bending a PCB board after solder will 
transfer stress to the populated components.  
If the stress exceeds the breaking strength 
 

 
 
of the ceramic capacitor a crack will occur.  
Furthermore, if the stress is large enough a 
displacement in the component may occur 
which could result in a shorted part as an 
electrode contacts a counter electrode (see 
Figure 2). 
 

Multilayer Ceramic Chip Capacitor 
(Open Mode Design X7R/X8R Series)
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                         Figure 2 
 
Q3. How does the Open Mode design 
reduce fail to short risk?  
The active area utilized in MLCC is reduced 
due to the shortened electrode layers which 
prevent the counter electrode  
from being in proximity of the potential 
crack.  In the event of a crack the 
propagation will not cross a counter 
electrode, thus minimizing the likelihood of a 
short.  Of course this reduction in active 
area compromises the capacitance 
available. 
 
Q4. Is the TDK Open Mode capacitor 
the same as the flexible termination 
capacitors offered by other cap 
suppliers? 
No.  The Open Mode capacitor utilizes a 
simple change in the length of the inner 
electrodes only.  Flexible termination 
components utilize a more complex change 
in which a completely different termination 
metallurgy is introduced.  
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Q5. Does Open Mode offer an 
advantage over other fail safe 
MLCCs? 
Yes, simple design and proven reliability.  
The industry at large learned a valuable 
lesson in the 1980s regarding thermal shock 
robustness.  In addition to better preheat 
temperature controls during soldering, 
MLCC manufacturers learned how to 
balance the thermal mismatches between 
ceramic and metal in the sintering (co-firing) 
processes as well as soldering.   Complete 
understanding of the material systems 
involved during this co-firing is key.  
Introducing a new terminal electrode system 
is a market risk TDK chose not to do.  
 
Q6.  How can I tell Open Mode design 
from the TDK part numbers? 
TDK uses a letter in the part number to 
indicate Open Mode.  Contact your TDK 
sales representative for the designators 
used in your application. 
 
Q7.  Why is Open Mode not offered in 
case sizes smaller than 0805 
(C2012)? 
Physics begin to work in the user's favor as 
the size of the ceramic component is 
reduced.  Just as it is more difficult to break 
a small brick as opposed to a large brick, 
smaller MLCCs offer strength robustness 
that no longer warrants the Open Mode 
design.  As an example, typical board 
flexure strength as a function of case size is 
shown below (Figure 3 & Figure 4).  Smaller 
geometries increase the strength of the 
MLCC well beyond the 2mm EIA-198 
industry specification.  Open Mode design in 
these geometries are considered overkill. 
 
 
 
 
 
 

 
 
 
 
 

 
        Figure 3, Flex Strength vs Case Size 
 
 

 
 
        Figure 4, Flex Strength vs Thickness 
 
 
Q8. What is the "1210 Rule"? 
Many design engineers utilize a basic rule of 
thumb that prohibits the use of any 1210 or 
larger case sized MLCC for fear of 
increased risk of failed components due to 
board flexure.  The 1210 Rule addresses the 
significance of larger components but it fails 
to address the significance of thicker 
components.   
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Q9. How can I justify using a large 
MLCC despite the "1210 Rule"? 
The strength of brittle materials is often 
measured by Modulus of Rupture.  The 
MOR of a ceramic body is function of its 
geometry - proportional to its width and 
thickness, but inversely proportional to its 
length.  Thus longer MLCCs with the same 
thickness will result in lower bending 
strength, however this loss of strength can 
be offset by utilizing a thicker component. 
 
1210 and larger components are offered in a 
variety of thicknesses, many greater than 
2mm.  Components of this size are often 
more robust to board flexure stresses than 
1206 or 0805 sized components, and well 
exceed the 2mm bending requirement. 
 
Not using these higher value components 
severely limits the designer's engineer’s 
capacitor options - especially in the case of 
higher capacitance values for Tantalum 
replacement application. 
 
Q10.  Does TDK offer an alternative 
rule? 
Its TDK's position that complete avoidance 
of 1210 and higher case size is going too 
far. If significant board flex concerns exist 
then we recommend a">= 0805 <1.0mm 
Avoidance Rule" which simply means 
avoiding components with small thicknesses 
aspect ratios. 
 
Components of case size 0805 and higher 
with thickness less than 1.0mm are mech-
anically weaker than the same component 
>1.0mm.  Employing this guideline will 
improve the mechanical robustness of the  
 
 
 
 

 
 
 
design while still allowing for high 
capacitance value MLCCs. 
  
Q11.  What should I do if I want to 
reduce the bending risk of 
components not available in Open 
Mode? 
The following guidelines can used to reduce 
the bending risk of MLCCs: 
1.  Minimize all post soldering board flexure 
potential. 
2.  Downsize all MLCCs to the smallest case 
size available. 
3.  Locate all MLCCs away from high stress 
planes. 
4.  Mount MLCCs parallel(not perpendicular) 
to stress planes. 
5.  Use redundant series placements, 90 
degrees from each other when maximum 
safety is critical. 
 
Q12.  Since Open Mode comes with a 
price premium, under what 
conditions should I design in this 
special MLCC? 
Examples of high risk circuit applications 
would include: 
1. All direct battery line applications. 
2. Any circuit >20A 
3. Regions of historic board flexure or high 
risk/problem areas. 
 
Q13.  How can I find the latest cap 
ranges available in Open Mode? 
See your TDK representative for the 
currently available cap ranges in all MLCC 
product series. 
 
References; 
1. Common Cracking Modes in Surface 
Mount Multilayer Ceramic Capacitors;  
TDK Components USA, Inc. 
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Contact one of the following TDK sales offices for further information or visit our website @www.component.tdk.com, or 
www.tdk.com.  
 
 
TDK CORPORATION OF 
OF AMERICA. 
1600 Feehanville Drive, 
Mount Prospect, IL 60056      
Phone: 847-803-6100 
Fax:     847-803-6296 
 
ATLANTA Sales Office 
2180 Satellite Boulevard, 
Suite 400 
Duluth, GA 30097 
Phone: 678-584-2275 
Fax:     678-584-2276 
 
AUSTIN Sales Office 
7000 N. Mopac 
Expressway, 2nd Floor 
Austin, TX 78731 
Phone: 512-514-6308 
Fax:     413-541-8329 
 
CHICAGO District Office  
1600 Feehanville Drive,  
Mount Prospect, IL 60056 
Phone: 847-803-6100 
Fax:     847-390-4325 
 
DALLAS District Office  
511 E. Carpenter Freeway,  
Suite 690 
Irving, TX 75062 
Phone: 972-506-9800 
Fax:     972-869-3353 
 
DENVER Sales Office 
357 South McCaslin Blvd, Suite  200  
Louisville, CO 80027 
Phone: 303-926-4995 
Fax:     303-926-4997 
 
DETROIT District Office 
38701 Seven Mill Road,  
Suite 340 
Livonia, MI 48152 
Phone: 734-462-1210 
Fax:     734-462-1193 
 
 

 
FLORIDA District                       
800 Fairway Drive, 
Suite 291 
Deerfield Beach, FL 33441 
Phone: 954-425-0095 
Fax:     954-425-8287 
 
GREENSBORO  
District Office 
600 Green Valley Road,  
Suite 207 
Greensboro, NC 27408 
Phone: 336-292-0012 
Fax:     336-292-3831 
 
HOUSTON Sales Office 
11191 Westheimer,  
PMB-122 
Houston, TX 77042-3222 
Phone: 713-952-2904 
Fax:     509-752-8408 
 
HUNTSVILLE 
District Office  
250 Finney Road, 
Huntsville, AL 35824 
Phone: 256-464-0222 
Fax:     256-464-9963 
 
INDIANAPOLIS 
District Office 
4015 West Vincennes Road 
Indianapolis, IN 46268 
Phone: 317-872-0370 
Fax:     317-872-2978 
 
LOS ANGELES Office 
11137 Warland Drive, 
Cypress, CA 90630 
Phone: 562-596-1212 
Fax:     562-596-4841 
 
MINNESOTA Sales Office 
1875 Plaza Drive, 
Suite 201 
Eagan, MN 55122 
Phone: 612-894-8070 
Fax:     612-894-7848 

 
NEW ENGLAND 
District Office 
364 Littleton Road 
Suite 2 
Westford, MA 01886 
Phone: 978-392-6900 
Fax:     978-392-9047 
 
NEW JERSEY 
District Office 
99 Wood Ave., 
South 3rd Floor 
Iselin, NJ 08830 
Phone: 732-494-0100 
Fax:     732-494-5306 
 
PORTLAND Sales Office 
1001 S.W. Fifth Avenue, 
Suite 1100 
Portland, OR 97204 
Phone: 503-220-2888 
Fax:     503-220-2889 
 
SAN DIEGO District Office 
6165 Greenwich Drive, 
Suite 110  
San Diego, CA 92122 
Phone: 858-554-0999 
Fax:     858-554-1861 
 
SAN JOSE District Office 
981 Ridder Park Drive, 
Suite 200 
San Jose, CA 95131 
Phone: 408-437-9585 
Fax:     408-437-9591 
 
TDK Components USA, Inc. 
1 TDK Boulevard 
Peachtree City,  
GA 30269-2051 
Phone: 770-631-0410 
Fax:     770-631-0425 
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