
 

(C)RENESAS Electronics Corporation. All Right Reserved. 

1/9 

IQR-QS1-300340 

September 24, 2012 

 

 

 
 

Renesas Electronics Corporation  

          
          

 

 
 

RELIABILITY REPORT 
 
 
 
 

CB12 PROCESS FAMILY 
 
 
 
 
 

Quality Assurance Department 
Quality Assurance Division 
Renesas Electronics Corporation 
 
Approved: Signed    

Kazuhiro Taguchi   
 

Issued:   Signed    
               Hiromi Shimanoe 

 
RENESAS Electronics Corporation 
1753, Shimonumabe, Nakahara-ku, 
Kawasaki, Kanagawa, 211-8668, Japan 



 

(C)RENESAS Electronics Corporation. All Right Reserved. 

2/9 

 
Notice 

1. Renesas Electronics assumes no responsibilities or liabilities for the infringement of any patents, copyrights or other intellectual 
property rights of Renesas Electronics or any third parties arising from the use or implementation of any information provided in 
this document including, but not limited to product data, figures, tables, algorithms, sample codes or application examples.  
Nothing herein shall be construed as granting any rights or licenses under any patents, copyrights or other intellectual property 
rights of Renesas Electronics or any third parties.  

2. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. 
3. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of 

semiconductor products and application examples.  You are fully responsible for the incorporation of these circuits, software, 
and information in the design of your equipment.  Renesas Electronics assumes no responsibility for any losses incurred by you 
or third parties arising from the use of these circuits, software, or information. 

4. When exporting the products or technology described in this document, you should comply with the applicable export control 
laws and regulations and follow the procedures required by such laws and regulations.  You should not use Renesas Electronics 
products or the technology described in this document for any purpose relating to military applications or use by the military, 
including but not limited to the development of weapons of mass destruction.  Renesas Electronics products and technology may 
not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable 
domestic or foreign laws or regulations. 

5. Renesas Electronics products are classified according to the following three quality grades:  “Standard”, “High Quality”, and 
“Specific”.  The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as 
indicated below.  You must check the quality grade of each Renesas Electronics product before using it in a particular 
application.  You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior 
written consent of Renesas Electronics.  Further, you may not use any Renesas Electronics product for any application for which 
it is not intended without the prior written consent of Renesas Electronics.  Renesas Electronics shall not be in any way liable 
for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an 
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written 
consent of Renesas Electronics.  

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual 
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots. 

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; 
anti-crime systems; safety equipment; and medical equipment not specifically designed for life support. 

“Specific”:  Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or 
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare 
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life. 

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, 
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation 
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or 
damages arising out of the use of Renesas Electronics products beyond such specified ranges. 

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have 
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further, 
Renesas Electronics products are not subject to radiation resistance design.  Please be sure to implement safety measures to 
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas 
Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire control and 
malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures.  Because the evaluation 
of microcomputer software alone is very difficult, please evaluate the safety of the final products or system manufactured by 
you. 

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility 
of each Renesas Electronics product.  Please use Renesas Electronics products in compliance with all applicable laws and 
regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive.  
Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with applicable laws 
and regulations. 

9. This document may not be reproduced, duplicated, or disclosed to any third parties in any form, in whole or in part, without prior 
written consent of Renesas Electronics. 

10. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document 
or Renesas Electronics products, or if you have any other inquiries. 

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its 
majority-owned subsidiaries. 

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics. 
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1. Introduction 
 
        This report contains reliability test results of the CB12 family products fabricated and 
assembled in Japan. This report also contains failure rate prediction, which is calculated using the 
Arrhenius method shown below. 
 
2. Failure rate prediction philosophy  
 

Since most semiconductor failures are temperature dependent, the Arrhenius relationship 
is used to normalize failure rate predictions at a system operation temperature. The Arrhenius 
model includes the effects of temperature. The temperature dependence is taken to be an 
exponential function that defines the probability of occurrence.   
    On the other hand, the temperature contribution of the device’s internal power dissipation is so 
significant that it cannot be ignored. Therefore, the junction temperatures (Tj1 and Tj2) are used 
instead of the ambient temperatures (Ta1 and Ta2). 

The Arrhenius equation for high temperature stress is given as follows; 
 

  A = exp{
−Ea ⋅(Tj1 − Tj 2 )

k ⋅(Tj1 ⋅ Tj 2 )
}            (1) 

 
where: 

A = Acceleration factor 
Ea = Activation energy 
Ta1 = Ambient temperature of system operation 
Ta2 = Ambient temperature of high temperature stress test 
Tj1 = Junction temperature (in K) at Ta1 
Tj2 = Junction temperature (in K) at Ta2 

k = Boltzmann’s constant = 8.616 X 10-5 eV/K. 
 
 
If the thermal resistance of the device (junction to ambient) is known, one can calculate the 
junction temperature as follows: 
 
  Tj = Ta + ΘjaPd 

where:   
Θja = Thermal resistance 
Pd = Power dissipation 
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 Failure rate can be predicted using the following equation from the high temperature operating life 
test results: 

  L =
χ 2 ⋅105

2T
    (2) 

where: 
L = Failure rate in %/1000 hours 
χ2 = The tabular value of chi-square distribution at a given confidence 

level and the degree of freedom 
(Degree of freedom : n = 2f + 2, where f = number of  failures) 

T = Device hours 
= (Number of devices)× (test hours) × (acceleration factor) 

 
 TABLE. 1 : χ2 value for confidence levels of 60% and 90%. 
 

 f 0 1 2 3 
 n 2 4 6 8 
χ2 C.L. = 60% 1.83 4.04 6.21 8.35 
 C.L. = 90% 4.61 7.78 10.6 13.4 

 
Another expression of failure rate is in FIT (failure in time). One FIT is equal to one failure 109 

hours. Since L is already expressed as %/1000 hours (10-5 failure/hour), an easy conversion 
from %/1000 hours to FIT would be to multiply the factor of 104 by L. 
 
    In conclusion, the failure rate of whole process family is expressed as follows. 

          L(FIT ) =
χ 2 ⋅109

2 T∑
      (3) 

  where, summation T∑  is taken for all reliability test performed on the process family. 

 
* NOTICE :  Some of the estimated FIT rates are higher than would be expected due to small 
sample size.  However, estimated FIT rates are expected to be lowered by accumulating reliability 
monitor data. 
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3. RELIABILITY TESTS DESCRIPTIONS 
 

The reliability tests performed by RENESAS consist of high temperature operating 
life(HTOL), high temperature storage life (HTSL), high temperature and humidity bias test(THB), 
and temperature cycling(TC). The table shows the conditions of the reliability tests. 
 
TEST ITEM SYMBOL MIL-STD-883C

METHOD 
EIA/JEDEC 
Standard No. 

CONDITION 

High Temperature 
Operating life  

HTOL-1 1005 JESD22-A108B 
 

Ta=125°C, 
VDD=VDD max. 
 

 HTOL-2 1005 JESD22-A108B 
 

Ta=150°C,  
VDD= VDD max. 
 

High Temperature 
Storage life 
 

HTSL 1008 JESD22-A103B 
 

Ta=150°C 

High Temperature 
and Humidity Bias 
 

THB  JESD22-A101B  VDD =VDD max. 
Ta=85C,RH=85% 

Temperature 
Cycling 
 

TC-1 1010 JESD22-A104B  -65°C to 150°C 

 TC-2 
 

1010 JESD22-A104B  -55°C to 125°C 

Pressure Cooker 
Test 

PCT  JESD22-A102C 
 

121C, 100%RH 
non-saturated 

Note.  Electrical test per data sheet is performed. Devices that exceed the data sheet limits are 
considered to be rejects. 
 
PRE-TREATMENT CONDITION FOR THB and TC 

SYMBOL  PRE-TREATMENT CONDITION 
 1 Temp. Cycling (20cyc.) 

↓ 
Infrared Reflow (200+X°C Peak) 

1 time 
X - YZ -  2 bake (Yh) 

↓ 
Infrared Reflow (200+X°C Peak) 

2 times 
 3 Humid. Storage 

(30 °C / 70%  Z hour) 
Infrared Reflow (200+X°C Peak) 

3 times 
Y: Bake Time (h) 
Z: Storage Time (h) --   2 → 58h,  3 → 82h,  7 → 178h 
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4. New CB-12 Process family reliability data 
CB-12 May 2012 - Aug 2012 

Design Rule:  0.15μm 
 
 

HTOL-1 
Device 

PKG Die Size QTY         Failures  Hours 
168    500   1000  2000 

Device 144 388PBGA 7.27 24 0 0 0 - 

Device 145 388PBGA 7.27 24 0 0 0 - 
 
 

HTSL 
Device 

PKG Die Size QTY Failures  Hours 
168    500   1000  2000 

Device 143 160FPBGA 3.75 77 0 0 0 0 

Device 144 388PBGA 7.27 18 0 0 0 - 

Device 147 273FPBGA 4.26 18 0 0 0 - 
 
 

THB 
Device 

Pre-treatment PKG Die Size QTY Failures 
168   500   1000 Hours 

Device 138 IR40-207-3 1521FCBGA 16.57 25 0 0 0  
 
 

TC-1 
Device 

Pre-treatment PKG Die Size QTY Failures     

 100    300    500 Cycles

Device 137 IR60-107-3 97FPBGA 4.25 77 0 0 0  

Device 139 AR60-107-3 113FPBGA 5.67 45 0 0 0  

Device 140 AR60-107-3 113FPBGA 5.67 45 0 0 0  

Device 141 AR60-107-3 196PBGA 4.30 25 0 0 0  

Device 142 IR60-107-3 400FPBGA 4.30 25 0 0 0  

Device 143 IR60-107-3 160FPBGA 3.75 77 0 0 0  

Device 146 IR50-207-3 484PBGA 9.22 20 0 0 0  
 
 

TC-2 
Device 

Pre-treatment PKG Die Size QTY Failures     

  300    500   1000 Cycles

Device 138 IR40-207-3 1521FCBGA 16.57 25 0 0 0  
 
 

PCT 
Device 

Pre-treatment PKG Die Size QTY Failures 
   96    192   Hours 

Device 137 IR60-107-3 97FPBGA 4.25 77 0 0   

Device 146 IR50-207-3 484PBGA 9.22 18 0 0   
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5. Test summary  
CB-12 Nov 2000 - Aug 2012 

Design Rule:  0.15μm 
     LIFE TEST 
 

HTOL-1 
Process Family QTY Device Hours

 
Number of Failures 

CB-12 2175 2.20E6 0 
  

 
HTOL-2 
Process Family QTY Device Hours

 
Number of Failures 

CB-12 1819 2.53E6 0 
    

 
HTSL 
Process Family QTY Device Hours

 
Number of Failures 

CB-12 2111 2.11E6 0 
  

 
THB 
Process Family QTY Device Hours

 
Number of Failures 

CB-12 178     2.49E5 0 
  

 
TC-1 (-65/150’C) 
Process Family QTY Device Cycles

 
Number of Failures 

CB-12 936 4.78E5 0 
    

 
TC-2 (-55/125’C) 
Process Family QTY Device Cycles

 
Number of Failures 

CB-12 25 2.50E4 0 
    

 
PCT 
Process Family QTY Device Hours

 
Number of Failures 

CB-12 554 1.06E5 0 
    

 
 

 
 



 

(C)RENESAS Electronics Corporation. All Right Reserved. 

9/9 

6.  FAILURE RATE PREDICTION (based upon HTOL test results) 
 
      The failure rate prediction for CB12 family products, with activation energy of 0.7eV for 
example, and with different operating temperature (Tj) are summarized in table below. 
 

CB12 Family (Nov 2000 - Aug 2012) 
Design Rule :  0.15μm 

 
FAILURE RATE C.L.=60% 

T j1 
Operate at (ºC) 

 
FIT 

55 1 
65 2 
75 5 
85 9 
95 16 
105 29 

  
 
 


