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TABLE III. Sample MIL·M·38510 Listing 

GOVERNMENT DESIGNATION 
TEST REPORT 'MANUFACTURER'S NAME DEVICE DEVICE CASE LEAD MATERIAL NUMBER 

TYPE* CLASS OUTLINE AND FINISH 

~38510/008 

01 S only A C 38510·953-81 National Semiconductor Corp. 

01 B C A 38510-953-81 National Semiconductor Corp. 
02 D B 38510-30-7T 

03 B C A 38510-520-83 National Semiconductor Corp. 
B 

"'M38510" is the military deSignator for MIL-M-38510, The QPL shows this notation even though the parts are fully qualified devices and are 
marked JM38510/XXXXXYYy. ' 

Q. WHAT DOES A QPL LISTING LOOK LIKE 
AND HOW DO YOU READ IT? 

A. Sample QPL listings are shown in Table III. 

JM38510/00801SAC 
JM38510/00801 BCA 
JM38510/00801 BCB 
J M3851 0/00801 BDA 
JM38510/00801 BDB 
JM385101,D0802BCA 
JM38510/00802BCB 
JM38510/00802BDA 
JM38510/00802BDB \ 
JM38510/00803BCA 
JM38510/00803BCB 

Q. WHAT QUALITY CONFORMANCE TESTS 
ARE CONDUCTED? ARE ALL DEVICES IN 
A GENERIC FAMILY EVENTUALLY SUB­
JECTED TO QUALITY CONFORMANCE 
TESTING? ' 

A. For B level devices quality conformance 
tests must be conducted as follows: 

Group A-Each inspection lot or sublot. 

Group B-Each inspection lot for each pack- ' 
age. type and lead finish on each 
detail specification. 

Group C-Periodically at 3-month intervals 
on one device type or one inspec­
tion lot from each mircocircuit 
group in which a manufacturer has 
qualified device, types (die related 
tests). 

Group D-Periodically at a 6-month interval 
for each package type for which a 
manufacturer holds qualifications 
(package related tests). 

Different devices within a generic family are 
chosen for successive quality conformance 
tests until all of the devices have been sub­
jected to testing. The sequence is then re­
peated. The manufacturer must submit attri­
bu'tes data to DESC for all quality confor­
mance tests performed. 

8·7 

O. HOW IS AN INSPECTION LOT DEFINED? 

A. For Class B devices, each inspection lot shall 
consist of microcircuits of a single device 
type, in a single package type and lead finish, 
or may consist of inspection sublots of sev­
eral different device types, in a single pack­
age type and lead finish, defined by a single 
detail specificatio,n. Each inspection lot shall 
be manufactured on the same production 
line(s) through final seal by the same produc­
tion techniques, and to the same device 
design rules and case with the same material 
requirements, and sealed within the same 
period not exceeding 6 weeks.' 

O. WHAT IS NATIONAL SEMICONDUCTOR'S 
COMMITMENT TO MIL-M-38510? 

A. National Semiconductor is convinced that 
the level of standardization offered by a pro­
gram like MIL-M-38510 is the key to long-term 
military component procurement viability. 
We have a corporate cOl1lmitment to MIL-M-
38510. We believe that the program will be of 
significant benefit in lessening the problem 
of product obsolescence, for the volume pro­
vided will help to keep many key devices in 
production. We believe that the program will 
make possible the procurement of devices in 
small quantities with reasonable lead times 
for long-term spares or field maintenance 
requirements. 

National Semiconductor. will continue to 
maintain a broad base of line certifications 
and an extensive list of Class B and Class S 
device qualifications: We will continue to 
work with the Department of Defense, con­
cerned users, and other semiconductor man­
ufacturers to update and redefine the appli­
cable specifications. We feel that this level of 
support is essential if MIL-M-38510 is to re­
main the strongest standardization, program 
available. ' 

In addition, we will continue to add capacity 
and to build up substantial inventories of a 
large spectrum of products to ensure the 



availability and the lead times. that are 
needed for key military programs. 

National Mil/Aero Standardization 
Programs 

Your customer has imposed upon you re­
quirements for product reliability that you must 
meet on every single component you buy. In 
most cases, these requirements mandate that 
you buy JAN MIL-M-38510 parts where they are 
available, and that all other devices must be as 
,close to JAN as is achievable. We don't consider 
this unreasonable. In fact, we believe that this is 
the only reasonable and intelligent approach. 

To meet this objective, we designed our 883B/ 
RETS program around requirements that were 
already imposed for the MIL-M-38510 program.· 
We realize that there are many so-called stan­
dardization programs available in the market­
place which lack the c~mpliance that you need. 
Our 883B/RETS program is totally compliant. We 
invite you to make this comparison between 
what we offer and what you need. Our screening 
flow, our 5% PDA, our quality conformance test 
frequency, and the other items that you consider 
important, match exactly the requirements 
defined in MIL:M-38510.·· If they did not, we 
could not offer Total Standardization. 

Standardization provides the manufacturing effi­
ciencies needed by the semiconductor manufac­
turers if they are to meet military semiconductor 
needs. To the user, standardization offers the 
highest guarantee of quality and reliability 
through production consistency and uniformity. 
The most significant benefit of standardization 
to the Department of Defense, however, is that it 
ensures the availability of component level 
spares to key programs with the pricing, deliv­
ery, and reliability needed for, the field support 
and maintenance of our key defense electronics 
systems. 

National's MIL·M·38510 Emphasis 

To implement this view of standardization, we 
have based our entire approach to military 
screening upon the Class S and Class B require· 
ments of MIL·M·38510. We are convinced that to 
do less than this would be to provide an inferior 
product, one that does not meet the true needs 
of the Department of Defense. Our 883B/RETS 
microcircuits are processed through the most 
comprehensive and compliant Class B screen· 
ing program offered by any semiconductor man-

'Requirements that were subsequently incorporated into MIL· 
STO·883 ' 

"and MIL·STD·883. 

8-8 

ufacturer. We have tried to emulate MIL·M-38510 
to the fullest extent possible, with the same pro­
duction controls, calibration schedules, rework 
and resubmission procedures, operator certifi­
cation requirements, and all of the other key ele­
ments of MIL·M·38510. The procedures that we 
employ in the production of MIL-M-38510 de­
vices are used for all of the military devices we 
manufacture. 

Our 883S/RETS microcircuits are processed 
through a screening flow that matches the MIL-M· 
38510 Class S flow exactly. Our commitment to 
MIL·M·38510 Class S is such that once qualified 
for a given device type we will sell that part only 
as a JAN Class S part. Class S QPL listing will 
result in the immediate removal from production 
of the 883S/RETS version of the device. 

National's Commitment 

But compliance flows are obviously meaning­
less unless the capacity is in place to support 
them. We have the industry's largest screening 
capacity. Over the/past few years we have rein­
vested substantial sums in additional capital 
equipment in both buildings and the equipment 
with which to fill those buildings. Our Tucson, 
Arizona plant was the first plant in the entire in· 
dustry to be totally dedicate9 to the production 
of military integrated circuits. We will continue 
to add capacity for military assembly and test, 
even during those periods when others turn 
away from the military marketplace in pursuit of 
what they view to be the more attractive com· 
mercial market. We feel that a commitment to 
the needs of the military/aerospace user com· 
munity should not be based upon the conditions 
encountered in the commercial marketplace. We 
have no plans for other than a continued long­
term commitment to military/aerospace compo­
nent production and screening. And we will not 
deviate from the highest standards of quality 
and reliability in our execution of that commit­
ment. There are no shortcuts to semiconductor 
reliability. It can only be achieved through rigid 
adherence to established standards. 

However, we also acknowledge the quite obvi­
ous fact that through refinement and redefini­
tion, standards are subject to change. As those 
changes occur, we will update our current proce­
dures to reflect the changes that find their way 
into MIL-M-38510 and MIL-STD-883. We will, 
where our understanding of semiconductor reli­
ability and screening indicates the need, actively 
pursue those changes that we feel wil,1 allow our 
industry to provide a beUer product to the sys· 
tems manufacturers. We will also steadfastly 
resist those changes which we feel sacrifice reli 
ability to the less important question of 
expediency. 



National's Standard Programs 

MIL-M-38510 is the key military standardization 
program for ICs. National is equally committed 
to the support of the requirements of the space 
segment of the market for MIL-M-38510 Class S 
devices. To support these needs we have estab­
lished dedicated Class S assembly and test 
facilities. The realization that users could not 
obtain all the device types they required through 
these programs led National's Military/Aero­
space Products Group to the development of 
two of the strongest and most compliant in­
house programs in the industry. National pro­
grams for 883B/RETS and 883S/RETS microcir· 
cuits provide the systems manufacturer with an 
easy mechanism for obtaining those devices not 
listed on the MIL-M-38510 QPL. In response to 
·other user needs, National also developed a pro­
gram for radiation hardened devices (both 
CMOS and linear), a comprehensive program for 
radiation susceptibility testing for Class S 
devices, and a program for the production cif 
devices in leadless chip carriers (LCCs). 

RETS and Burn·ln 

One of the primary advantages of MIL-M-38510 is 
its clear definition and standardization of elec­
trical test and burn-in requirements. One of the 
major drawbacks seen in the standard reliability 
screening programs of most semiconductor 
manufacturers is that electrical testing is invari­
ably performed. to some document that is not 
available to the user. The user has the right to 
know what he is buying. At National that testing 
is never vague or undefined. Both in-house pro­
grams (883B/RETS and 883S/RETS) are based 
upon a document called the RETS (an acronym 
for Reliability Electrical Test Specification. The 
RETS is a simplified but complete description of 
the testing performed as part of National's stan­
dard Rei electrical test programs, and is con­
trolled by our QA department. The burn-in cir­
cuits and electrical test parameters· for the MIL­
M-38510 Class S and Class B devices produced 
by National Semiconductor are defined by the 
applicable detail specification. 

Ordering ICs from National. 

Ordering National Semiconductor High Reliabil­
ity integrated circuits is very simple. National 
sales offices and sales representatives "can pro­
vide price and delivery information on our entire 
line of JM38510 Class B, JM38510 Class S, 883BI 
RETS and 883S/RETS microcircuits. A large 
percentage of these devices are available from 
inventory at either the factory or at one of our 
many distributors. 
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Ordering to Control Specifications 

We also acknowledge the fact that many military 
systems manufacturers must, for contractual 
purposes, maintain their own specifications for 
many of the devices that they purchase. We have 
no objection to the use of contractor prepared 
procurement specifications, for we have found 
that the majority of these documents are written 
in compliance with the requirements of MIL-M-
38510. Where this is true, we have found that 
they are also totally compatible with our in­
house standardization programs. Where draw­
ings submitted to National differ from the 
requirements outlined in MIL-M-38510, we wel­
come the opportunity to work with our custom­
ers to develop specifications which do meet the 
intent of MIL-M-38510. 

Where customer specifications and our 883BI 
RETS product specifications correspond, we 
have the ability to expedite delivery by adding 
the customer part number in addition to the 
basic 883B/RETS part number. Customers who 
understand our program and wish to use the pro­
gram in their parts procurement may order by 
placing "M/O" after their part number on their 
purchase order, thus allowing us to mark their 
part number on our 883B/RETS devices without 
the lengthy delay normally required for a com­
prehensive specifications review cycle. We have 
tried to provide programs that offer the maxi­
mum level of flexibility within the constraints of 
standardization. 

Standardization is the key to cost-effective pro­
curement of high reliability semiconductor de­
vices. National Semiconductor Corporation is 
committed to that standardization. 

Military Processing: A Corporate Commitment 

The National Semiconductor Military/Aerospace 
Products Division draws upon the total re­
sources of National Semiconductor. National is 
one of the world's largest manufacturers of 
semiconductor products, offering the largest 
number of product types available from any sin­
gle source in the industry. This product line is 
growing faster than that of any other worldwide 
semiconductor manufacturer. Each new product 
is carefully evaluated for possible military/aero­
space usage potential, and new product designs 
must comply with the reliability and quality con­
straints required by that segment of the in­
dustry. All new product designs are targeted to 
full military temperature range operation. . . 

In addition, a dedicated Reliability Engineering 
Department within the Military/Aerospace Prod-



ucts Division coordinates burn-in circuit design, 
test tape development, te'st fixturing, support 
documentation, and new product release paper­
work to ensure the earliest possible introduction 

, of fully compli'ant 883B/RETS versions of the 
new products introduced by the company. 

We are able to do this well, for National is no new­
comer to this business. Founded in Danbury, 
Connecticut in 1959, National acquired an entire 
new management team in 1967 and moved cor­
porate headquarters to Santa Clara, California. 
The new management team focused its atten­
tion on the-transistor product line, and rapidly 
made that, line profitable. Then the company's 
talents were turned to, the development of linear, 
digital, and MOS integrated circuits - the 
fastest-growing segments of the semiconductor 
marketplace. Finally, an OEM representative and 
distributor network was established to develop 
and service a broad customer base,and facili­
ties were added around the world to provide 
competitive products to worldwide markets. 

The Reliability Test Department was initially 
formed in 1968 and reported at that time to the 
Director of Quality Assurance. The Rei Depart­
ment developed the same rapid growth rate that 
the company as a whole had shown. From a 
small staff occupying several thousand square 
feet in Santa Clara, these reliability test opera­
tions grew until today they employ over 3000 
people worldwide. Well over 200,000 square feet 
are devoted to the testing and assembly of high 
reliability products. During 1981, the Military/ 
Aerospace Products Group became the Military/ 
Aerospace Products Division. The company is 
currently involved 'in a number of military re­
search' and development programs, Including a 
Phase I VHSIC contract. 

VHSIC involvement was natural since National's 
technological leadership has enabled the com­
pany to consistently be one of the major sup­
pliers of military/aerospace semiconductors. 
Having cohtinued to develop a high technology 
image through the development olf Megarad 
hardened CMOS and linear device types, and the 
development of TRI-CODETM logic, National is 
now expanding technology frontiers in the areas 
of memory, microprocessor, and data acquisi-
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tion products. As a result of all this innovation, 
National has become the only company in the 
entire semiconductor industry capable of pro­
viding high reliability devices from all of the 
following product lines: 

linear 
hybrid 
CMOS logic 
Megarad CMOS logic 
bipolar, memory 
MOS RAMs 
CMOS RAMs 
MOS,EPROMs 
CMOS EPROMs 
MOS EEPROMs 
data acquisition devices 
standard TIL 
low power TTL 
low power Schottky 
standard Schottky 
interface devices 
bipolar microprocessors 
MOS microprocessors 
CMOS microprocessors 

-COPSTM microcontrollers 
high-speed CMOS Schottky 
advanced low power Schottky 
advanced Schottky 

National Semiconductor has wafer fabrication 
plants in Santa Clara, California; Salt Lake City, 
Utah; Arlington, Texas; and Danbury, Connecti­
cut. Many of these fabrication plants, along with 
our assembly and test lines in Santa Clara, Cali­
fornia and Tucson, Arizona, have been fully certi­
fied fo.r the production of Class S and Class B 
MIL-M-38510 circuits. 

To support the requirements of the Class S mar­
ketplace, we have our own SEM and radiation 
testing facilities. Our screening capabilities are 
backed up by one of the most extensive failure 
analysis labs in the industry. 

National is the leader in the military/aerospace 
integrated circuit market. We have achieved that 
leadership by offering an unmatched combina­
tion of technology, product breadth, under­
standing, commitment and capacity. 



883B/883S/RETS Screening Flows 
WAFER FABRICATION & 

DEVICE ASSEMBLY 

PRECAP VISUAL INSPECTION 
MIL-STO-BB3 METHOD 2010 

CONDITION B 

SEALING 

STABLlLlZATION BAKE 
MIL-STO-BB3 METHOD 100B 

CONDITION C 

TEMPERATURE CYCLING 
MIL-STD-883 METHOD 1010 

CONDITION C 

CONSTANT ACCELERATION 
MIL-STO-BB3 METHOO 2001 

CONOITION E (Yl ONLYI 

FINE LEAK TEST 
MIL-STO-BB3 METHOD 1014 

CONOITION A OR B 

GROSS LEAK TEST 
MIL-STO-883 METHOO 1014 

CONDITION C 

INTERIM ELECTRICALS AT 
+ 25°C DC PER RETS 

(AT MANUfACTURER-S OPTIONI 

BURN-IN TEST MIL-STO-BB3 
METHOD 1015. CONDITION A, B. 
COR O. 160 HOURS AT 125°C 

OR EOUIVALENT 

INTERIM ELECTRICALS 
25'C OC PER RETS 

POA=5% 

FINAL ELECTRICAL TEST 
PER NSC RETS 

+ 125°C. -55°C DC 
(INCLUOES FUNCTIONAL 

TESTS + 25°C AC 

OUALITY CONFORMANCE TESTING 
GROUP A - EACH SUBLOT 
GROUP B - EACH LOG 
GROUP C - EVERY 90 DAYS PER 

MICROCIRCUIT 
GROUP 

GROUP 0 - EVERY 6 MONTHS 
PER PACKAGE TYPE 

EXTERNAL VISUAL 
MIL-STO-BB3 METHOO 2009 

NATIONAL OFF-THE-SHELF 
INVENTORY PROGRAM 

FIGURE 1. National's 883B/RETS Class B 
Screening Flow 

NOTES: 
1_ ALL METHODS REFERENCED ARE MIL-STO-BB3 TEST METHODS. 
2. THESE TESTS ARE PERFORMED ON A SAMPLE BASIS. ALL OTHER 

TESTS ARE PERFORMED 100%. 
3. ACCEPTANCE CRITERIA SHALL BE IN ACCORDANCE WITH 

MIL-M-3B510. 
4. THE POA FOR STATIC I AND STATIC II BURN-IN SHALL BE 5% 

TOTAL. 
5. THE PDA INCLUDES .l FAILURES, 
6. GROUP A AND BOND PULL AND DIE SHEAR TESTING OF GROUP B 

MAY BE PERFORMEO ON-LINE. 
7. ALL ELECTRICAL TESTING SHALL BE IN ACCOROANCE WITH THE 

APPLICABLE RETS OR THE APPLICABLE MIL-S-3B510 OETAIL 
SPECIFICATION. 

WAFER LOT ACCEPTANCE 
PER METHOO 5007 

ASSEMBLY 
DIE SHEAR 

TESTING 

ASSEMBLY 
BOND PUll 

TESTING 

100% NON-OESTRUCTIVE BON~ I 
PULL TESTING (METHOD 20231 

PRECAP VISUAL INSPECTION 
(METHOD 2010. CONO AI 

SEALING 

STABILIZATION BAKE 
(METHOD 100B. CONO Ci 

TEMPERATURE CYCLING 
(METHOD 100B. CONO CI 

CONSTANT ACCELERATION 
(METHOD 2001. CONO. EI 

Yl AXIS ONLY 

PINO (METHOD 20201 CONO: A 

SERIALIZATION 

INTERIM ELECTRICAL TEST 
25°C DC 

REAO-ANO-RECORO 
ALL PARAMETERS 

STATIC I BURN-IN 
24 HRS - 125'C 

VIN=VDUT=O 

INTERIM 
ELECTRICAL TEST 

25'C DC 
COMPUTE ~s 

POA PER NOTE 4 

STATIC II BURN-IN 
24 HRS - 125°C 
YIN=VOUT=VCC 

INTERIM 
ELECTRICAL TEST 

25'C OC 
COMPUTUs 

POA PER NOTE 4 

DYNAMIC BURN-IN 
240 HRS - 125°C 

VIN=VOUY=O TO Vee 
AT 100 kHz 

INTERIM ELECTRICAL TEST 
(POST BURN-INI DC 25'C 

POA=5% 

DRIFT (~I CALCULATION 

FINAL ELECTRICAL TESTS 
DC AT 125 11C -55°C 

INCLUDING FUNCTIONAL TESTSI 
25°C AC 

FINE LEAK TEST 
(METHOD 1014. CONO. BI 

GROSS LEAK TEST 
(METHOD 1014. CONO CI 

X-RAY INSPECTION 
(METHOD 20121 

QUALITY CONFORMANCE TESTS 
(METHOD 5005. GROUP A. 
GROUP B. AND GROUP 01 

EXTERNAL VISUAL 
(METHOD 20091 

FIGURE 2. National's 883S/RETS Class S 
Screening Flow 
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NOTE 3 

NOTE 7 

NOTE 7 

NOTE 1 

NOTES 5. 7 

NOTE 5 

NOTE 7 
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CD40XX, 54CXX Product Availability 

The following list of products represents what is currently 
available for 883B. As new products are brought on board, 
notification will take place through news releases. For fur­
ther data on the products and families, please contact 
your local sales office. 

PACKAGE CROSS REFERENCE 

NSC RCA EQUIVALENT MOTOROLA EQUIVALENT 
ORDER NUMBER DESIGNATION DESIGNATION 

CD40XXMJ/883B CD40XXAF MC140XXAL 

For B series, NSC order number is CD40XXBMXf883B. 

INDUSTRYID NSCID INDUSTRYID 

CD4001 BMJ/883 MM4601 BJ/883 CD4512BMJ/883 
CD4002BMJ/883 MM4602BJ/883 CD4514BMJ/883 
CD4006BMJ/883 MM4606BJ/883 CD4515BMJ/883 
CD4007MJ/883 MM4607AJ/883 CD4516BMJ/883 
CD4008BMJ/883 MM4608BJ/883 CD4518BMJ/883 
CD4009MJ/883 MM4609AJ/883 CD4519BMJ/883 
CD40106BMJ/883 MM54C14J/883 CD4520BMJ/883 
CD4011 BMJ/883 MM4611 BJ/883 CD4522BMJ/883 
CD4012BMJ/883 MM4612BJ/883 CD4526BMJ/883 
CD4014BMJ/883 MM4614BJ/883 CD4528BMJ/883 
CD4015BMJ/883 MM4615BJ/883 CD4529BMJ/883 
CD4016BMJ/883 MM4616BJ/883 CD4538BMJ/883 
CD40160BMJ/883 MM54C160J/i383 CD4541 BMJ/883 
CD40161 BMJ/883 MM54C161J/883 CD4543BMJ/883 
CD40162BMJ/883 MM54C162J{883 CD4723BMJ/883 
CD40163BMJ/883 MM54C163J/883 CD4724BMJ/883 
CD40174BMJ/883 MM54C174J/883 
CD40175BMJ/883 MM54C175J/883 MM54COOJ/883 
CD40192BMJ/883 MM54C192J/883 MM54C02J/883 
CD40193BMJ/883 MM54C193J/883 MM54C04J/883 
CD4020BMJ/883 MM4620BJ/883 MM54C08J/883 
CD4021 BMJ/883 MM4621BJ/883 MM54C10J/883 
CD4023BMJ/883 MM4623BJ/883 MM54C107J/883 
CD4025BMJ/883 MM4625BJ/883 MM54C14J/883 
CD4030MJ/883 MM4630AJ/883 MM54C150J/883 
CD4034BMJ/883 MM4634BJ/883 MM54C151J/883 
CD4035BMJ/883 MM4635BJ/883 MM54C154J/883 
CD4040BMJ/883 MM4640BJ/883 MM54C157J/883 
CD4041 MJ/883 MM4641AJ/883 MM54C160J/883 
CD4043BMJ/883 MM4643BJ/883 MM54C161J/883 
CD4044MJ/883 MM4644AJ/883 MM54C162J/883 
CD4046BMJ/883 MM4646BJ/883 MM54C163J/883 
CD4049UBMJ/883 MM4649UBJ/883 MM54C164J/883 
CD4060BMJ/883 MM4660BJ/883 MM54C165J/883 
CD4066BMJ/883 MM4666BJ/883 MM54C173J/883 
CD4069MJ/883 MM54C04J/883 MM54C174J/883 
CD4070BMJ/883 MM54C86J/883 MM54C175J/883 
CD4071 BMJ/883 MM4671 BJ/883 MM54C192J/883 
CD4072BMJ/883 MM4672BJ/883 MM54C193J/883 
CD4073BMJ/883 MM4673BJ/883 MM54C195J/883 
CD4075BMJ/883 MM4675BJ/883 MM54C20J/883 
CD4076BMJ/883 MM54C173J/883 MM54C200J/883 
CD4081 BMJ/883 MM4681BJ/883 MM54C221J/883 
CD4089BMJ/883 MM4689BJ/883 MM54C240J/883 
CD4093BMJ/883 MM4893BJ/883 MM54C244J/883 
CD4099BMJ/883 MM4699BJ/883 MM54C30J/883 
Cb4503BMJ/883 MM14503BMJ/883 MM54C32J/883 
CD4510BMJ/883 MM14510BMJ/883 MM54C373J/883 
CD4511 BMJ/883 MM14511 BMJ/883 MM54C374J/883 
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PACKAGE 

Cavity DIP (J) 

NSCID 

MM14512BMJ/883 
MM14514BMJ/8S3 
MM14515BMJ/883 
MM14516BMJ/883 
MM14518BMJ/883 
MM14519BMJ/883 
MM14520BMJ/883 
MM14522BMJ/883 
MM14526BMJ/883 
MM14528BMJ/883 
MM 14529BMJ/883 
MM 14538BMJ/883 
MM14541BMJ/883 
MM14543BMJ/883 

. MM14723BMJ/883 
MM14724BMJ/883 

MM54COOJ/883 
MM54C02J/883 
MM54C04J/883 
MM54C08J/883 
MM54C10J/883 
MM54C107J/883 
MM54C14J/883 
MM54C150J/883 
MM54C151J/883 

. MM54C154J/883 
MM54C157J/883 
MM54C160J/883 
MM54C161J/883 
MM54C162J/883 
MM54C163J/883 
MM54C164J/883 
MM54C165J/883 
MM54C173J/883 
MM54C174J/883 
MM54C175J/883 
MM54C192J/883 
MM54C193J/883 
MM54C195J/883 
MM54C20J/8S3 
MM54C200J/883 
MM54C221J/883 
MM54C240J/883 
MM54C244J/883 
MM54C30J/883 
MM54C32J/883 
MM54C373J/883 
MM54C374J/883 



INDUSTRYID NSCID INDUSTRYID NSCID 

MM54C42J/883 MM54C42J/883 MM54C905J/883 MM54C905J/883 
MM54C48J/883 MM54C48J/883 MM54C906J/883 MM54C906J/883 
MM54C73J/883 MM54C73J/883 MM54C907J/883 MM54C907J/883 
MM54C74J/883 MM54C74J/883 MM54C909J/883 MM54C909J/883 
MM54C76J/883 MM54C76J/883 MM54C910J/883 MM54C910J/883 
MM54C83J/883 MM54C83J/883 MM54C914J/883 MM54C914J/883 
MM54C85J/883 MM54C85J/883 M M54C915J/883 MM54C915J/883 
MM54C86J/883 MM54C86J/883 MM54C922J/883 MM54C922J/883 

. MM54C89J/883 MM54C89J/883 MM54C923J/883 M M54C923J/883 
MM54C90J/883 MM54C90J/883 MM54C93J/883 MM54C93J/883 
MM54C901J/883 MM54C901J/883 MM54C941J/883 MM54C941J/883 
MM54C902J/883 MM54C902J/883 MM54C95J/883 MM54C95J/883 
MM54C903J/883 MM54C903J/883 MM54C989J/883 MM54C989J/883 
MM54C904J/883 M M54C904J/883 
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54HC/54HCT Product Availability 

The following list of products represents what is currently 
available for 883B. As new products are brought on board, 
notification will take place through news releases. For fur· 
ther data on the products and families, please contact 
your local sales office. 

NSC ORDER NUMBER 

54HC/HCTXXJ/883B 

54HC/HCTXXJ/883B 

54HC/HCTXXJ/883B 

54HC/HCTXXJ/883B 

INDUSTRYID 

MM54HCU04J/883 
MM54HCOOJ/883 
MM54HC02J/883 
MM54HC03J/883 
MM54HC04J/883 
MM54HC08J/883 
MM54HC10J/883 
MM54HC107J/883 
MM54HC109J/883 
MM54HC11J/883 
MM54HC112J/883 
MM54HCl13J/883 
MM54HC123AJ/883 
MM54HC125J/883 
MM54HC132J/883 
MM54HC133J/883 
MM54HC137J/883 
MM54HC138J/883 
MM54HC139J/883 
MM54HC14J/883 
MM54HC147J/883 
MM54HC149J/883 
MM54HC151J/883 
MM54HC153J/883 
MM54HC154J/883 
MM54HC155J/883 
MM54HC157 J/883 
MM54HC158J/883 
MM54HC160J/883 
MM54HC161J/883 
MM54HC162J/883 
MM54HC163J/883 
MM54HC164J/883 
MM54HC165J/883 
MM54HC173J/883 
MM54HC174J/883 
MM54HC175J/883 
MM54HC181 J/883 
MM54HC182J/883 
M M54HC190J/883 
MM54HC191J/883 
MM54HC192J/883 
MM54HC193J/883 
MM54HC194J/883 
MM54HC195J/883 
MM54HC20J/883 

PACKAGE CROSS REFERENCE 

MOTOROLA EQUIVALENT DESIGNATION 

NSCID 

MM54HCU04J/883 
MM54HCOOJ/883 
MM54HC02J/883 
MM54HC03J/883 
MM54HC04J/883 . 
MM54HC08J/883 
MM54HC10J/883 
MM54HC107J/883 
MM54HC109J/883 
MM54HC11 J/883 
MM54HC112J/883 
MM54HC113J/883 
MM54HC123AJ/883 
MM54HC125J/8B3 
MM54HC132J/BB3 
MM54HC133J/BB3 
MM54HC137J/883 
MM54HC13BJ/BB3 
MM54HC139J/883 
MM54HC14J/BB3 
MM54HC147J/BB3 
MM54HC149J/8B3 
MM54HC151J/B83 
MM54HC153J/BB3 
MM54HC154J/883 
MM54HC155J/BB3 
MM54HC157J/BB3 
MM54HC15BJ/883 
MM54HC160J/BB3 
MM54HC161 J/8B3 
MM54HC162J/883 
MM54HC163J/BB3 
MM54HC164J/B83 
MM54HC165J/BB3 
MM54HC173J/883 
MM54HC174J/883 
MM54HC175J/883 
MM54HC181J/BB3 
MM54HC182J/883 
MM54HC190J/883 
MM54HC191J/883 
MM54HC192J/883 
MM54HC193J/883 
MM54HC194J/883 
MM54HC195J/883 
MM54HC20J/883 

54HC/HCTXXBCAJC 

54HC/HCTXXBEAJC 

54HC/HCTXXBRAJC 

54HC/HCTXXBJAJC 
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INDUSTRYID 

MM54HC221AJ/B83 
MM54HC237 J/883 
MM54HC240J/883 
MM54HC241J/883 
MM54HC242J/883 
MM54HC243J/883 
MM54HC244J/883 
MM54HC245J/883 
MM54HC251J/B83 
MM54HC253J/8B3 
MMp4HC257 J/883 
MM54HC259J/883 
MM54HC266J/883 
MM54HC27 J/883 
MM54HC273J/883 
MM54HC280J/883 
MM54HC283J/883 
M M54HC298J/883 
MM54HC299J/883 
M M54HC30J/883 
MM54HC32J/883 
MM54HC354J/883 
MM54HC356J/883 
MM54HC365J/883 
MM54HC366J/883 
MM54HC367 J/883 
MM54HC368J/883 
M M54HC373J/883 
MM54HC374J/883 
MM54HC390J/883 
MM54HC393J/883 
MM54HC4002J/883 
MM54HC4016J/883 
MM54HC4017J/883 
MM54HC4020J/883 
MM54HC4024J/883 
MM54HC4040J/883 
MM54HC4046J/883 
MM54HC4049J/883 
MM54HC4050J/883 
MM54HC4051J/883 
MM54HC4052J/883 
M M54HC4053J/883 
MM54HC4060J/883 
MM54HC4066J/883 
MM54HC4075J/883 

PACKAGE 

Cavity DIP (J·14) 

Cavity DIP (J·16) 

Cavity DIP (J·20) 

Cavity DIP (J·24) 

NSCID 

MM54HC221 AJ/883 
MM54HC237 J/883 
MM54HC240J/883 
MM54HC241 J/883 
MM54HC242J/883 
MM54HC243J/883 
MM54HC244J/883 
MM54HC245J/883 
MM54HC251 J/883 
MM54HC253J/883 
MM54HC257J/883 
MM54HC259J/883 
MM54HC266J/883 
MM54HC27 J/883 
MM54HC273J/883 
MM54HC28OJ/883 
MM54HC283J/883 
MM54HC298J/883 
MM54HC299J/883 
MM54HC30J/883 
MM54HC32J/883 
MM54HC354J/883 
MM54HC356J/883 
MM54HC365J/883 
MM54HC366J/883 
MM54HC367J/883 
MM54HC3€\8J/883 
MM54HC373J/883 
MM54HC374J/883 
M M54HC390J/883 
MM54HC393J/883 
MM54HC4002J/883 
MM54HC4016J/883 
MM54HC4017J/883 
MM54HC4020J/883 
MM54HC4024J/883 
MM54HC4040J/883 
MM54HC4046J/883 
MM54HC4049J/883 
MM54HC405OJ/883 
MM54HC4051J/883 
MM54HC4052J/883 
MM54HC4053J/883 
MM54HC4060J/883 
MM54HC4066J/883 
MM54HC4075J/883 



INDUSTRY ID NSCID INDUSTRYID NSCID 

M M54HC4078J/883 MM54HC4078J/883 MM54HCT109J/883 MM54HCT109J/882 
MM54HC42J/883 MM54HC42J1883 MM54HCTl12J/883 MM54HCTl12J/883 
MM54HC423AJ/883 MM54HC423AJ/883 MM54HCT138J/883 MM54HCT138J/883 
MM54HC4316J/883 MM54HC4316J/883 MM54HCT139J/883 MM54HCT139J/883 
MM54HC4511 J/883 MM54HC4511J/883 MM54HCT149J/883 MM54HCT149J/883 
MM54HC4514J/883 MM54HC4514J/883 MM54HCT155J/883 MM54HCT155J/883 
MM54HC4538J/883 MM54HC4538J/883 MM54HCT157 J/883 MM54HCT157 J/883 
MM54HC4543J/883 MM54HC4543J/883 MM54HCT158J/883 MM54HCT158J/883 
MM54HC51J/883 MM54HC51 J/883 MM54HCT164J/883 MM54HCT164J/883 
MM54HC521 J/883 MM54HC521J/883 MM54HCT191J/883 MM54HCT191J/883 
MM54HC533J/883 MM54HC533J/883 M M54HCT193J/883 MM54HCT193J/883 
MM54HC534J/883 MM54HC534J/883 MM54HCT240J/883 MM54HCT240J/883 
MM54HC540J/883 MM54HC540J/883 MM54HCT241 J/883 MM54HCT241 J/883 
MM54HC541 J/883 MM54HC541J/883 MM54HCT244J/883 MM54HCT244J/883 
MM54HC563J/883 MM54HC563J/883 MM54HCT24.5J/883 MM54HCT245J/883 
MM54HC564J/883 MM54HC564J/883 MM54HCT257 J/883 MM54HCT257J/883 
MM54HC573J/883 MM54HC573J/883 MM54HCT273J/883 MM54HCT273J/883 
MM54HC574J/883 MM54HC574J/883 MM54HCT299J/883 MM54HCT299J/883 
MM54HC58J/883 MM54HC58J/883 MM54HCT34J/883 MM54HCT34J/883 

MM54HC589J/883 MM54HC589J/883 MM54HCT373J/883 MM54HCT373J/883 
MM54HC590J/883 MM54HC590J/883 MM54HCT374J/883 MM54HCT374J/883 
MM54HC592J/883 MM54HC592J/883 MM54HCT521J/883 MM54HCT521 J/883 
MM54HC593J/883 . MM54HC593JI883 MM54HCT533J/833 MM54HCT533J/883 
MM54HC595J/883 MM54HC595J/883 M M54HCT534J/883 MM54HCT534J/883 
MM54HC597 J/883 MM54HC597J/883 M M54HCT540J/883 MM54HCT540J/883 
MM54HC640J/883 MM54HC640J/883 M M54 HCT541 J/883 MM54HCT541 J1883 
MM54HC643J/883 MM54HC643J/883 MM54HCT563J/883 MM54HCT563J/883 

MM54HC646J/883 MM54HC646J/883 M M 54HCT564J/883 MM54HCT564JI883 

MM54HC648J/883 MM54HC648J/883 MM54HCT573J/883 MM54HCT573J/883 

MM54HC688JI883 MM54HC688J/883 M M54HCT57 4J/883 MM54HCT574J/883 
MM54HC73J/883 MM54HC73J/883 MM54HCT590J/883 MM54HCT590J/883 
MM54HC74JI883 MM54HC74JI883 MM54HCT592J/883 MM54HCT592J/883 
MM54HC75J/883 MM54HC75J/883 MM54HCT593J/883 MM54HCT593J/883 

MM54HC76J/883 MM54HC76J/883 MM54HCT640J/883 MM54HCT640J/883 

MM54HC86J/883 MM54HC86JI883 MM54HCT643J/883 MM54HCT643J/883 

MM54HCTOOJ/883 MM54HCTOOJ/883 MM54HCT688J/883 MM54HCT688J/883 

MM54Hc'T04J/883 M M54HCT04JI883 MM54HCT74J/883 MM54HCT74J/883 

MM54HCT05JI883 MM54HCT05J/883 MM54HCT76JI883 MM54HCT76J/883 
:v1M54HCT08J/883 MM54HCT08J/883 
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RADIATION HARDENED TECHNOLOGIES 
FROM NATIONAL SEMICONDUCTOR 

For many years, military, aerospace and satellite 
programs have depended on bipolar transistor, 
and integrated circuit technology in the fabrica­
tion of airborne systems. Development of bi­
polar technology is an outgrowth, in part, of avi­
onics and space applications needs .. Despite 
their relatively high immunity or resistance to 
high levels of both constant and burst radiation 
in the form of gamma rays, x-rays, cosmic rays, 
and so on, bipolar devices have two drawbacks: 
a susceptibility to damage from neutron fluxes, 
and high power consumption, which adds to the 
power supply requirements and subtracts from 
the usable payload of spacecraft and missiles. 
In addition, recent decreases in bipolar feature 
sizes and changes in bipolar design and fabrica­
tion techniques have led to bipolar devices 
which exhibit the same level of susceptibility to 
ionizing radiation that had historically been 
seen in MOS devices. The spacecraft and mis­
sile industry has long needed a radiation hard­
ened logic technology with low power consump­
tion that would readily lend itself to reliable 
fabrication processes with reasonable repeat­
ability. The purpose of this brochure is to pro­
vide some information to the potential user re­
garding National Semiconductor's solutions to 
radiation problems. 

CMOS Radiation Hardened Products 

Over the years, the development of sophisti­
cated space, satellite and military systems and 
mission requirements fostered an active search 
for a radiation hardened logic circuit technology 
that consumes less power and offers a higher 
degree of circuit integration on a single silicon 
chip. Metal oxide semiconductor (MOS) devices, 
particularly complementary MOS (CMOS), pro­
vided just such an alternative. But standard 
CMOS devices, even those qualified to MIL-M-
38510 (JAN) requirements, proved sensitive to 
relatively low levels of gamma (or total dose) 
radiation, as low in many cases as 3 x 103 rads 
(Si)t. Early generations of mass-producible spe­
cifically radiation hardened CMOS devices were 
able to withstand oniy 105 rads (Si), while many 
space, satellite and missile systems require cir­
cuitry resistance levels at least ten times higher, 
106 rads (Si). . 

National Semiconductor developed a solution to 
this problem: a complete line of megarad hard-

1. One rad (Si) is the quantity of any type of ionizing radiation 
which Imparts 100 ergs of energy per gram of silicon. 

883BIRETS™, 883SIRETS™ are trademarks of National 
Semiconductor Corporation. 

ened CMOS logic products utilizing a radiation 
hardening process that is compatible with vol­
ume processing. Products hardened to with­
stand 10 megarads [devices capable of tolerat­
ing total dose radiation of 107 rads (Si)] are the 
result of an intensive multi-year research and de­
velopment program in cooperation with Sandia 
Laboratories (Albuquerque, NM). This program 
has enabled Nati.onal Semiconductor to offer 
radiation hard versions of virtually our entire 
metal-gate CMOS product line. 

Devices ranging in complexity from simple 
gates to large scale integration (LSI) random 
access memories have been hardened using the 
processes we developed. The achievement of 
this level of radiation resistance in a mass pro-

. duct ion CMOS process required that we imple­
ment major modifications to the basic commer­
cial process, in the gate oxidation, substrate and 
P-tub surface concentrations, and metallization. 
We-are currently in the process of research and 
development efforts aimed at extending these 
radiation improvements into complex metal gate 
devices (such as analog-to-digital converters "­
and gate arrays), and into silicon ·gate pro­
cesses. This will enable us to provide radiation 
hardened devices within our 54HC logic family, 

. our microCMOS memories and microprocessors, 
and our microCMOS gate arrays. 
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Bipolar vs_ CMOS 

Bipolar devices and CMOS devices respond dif­
ferently to different forms of radiation as a re­
sult of basic differences in both structure and 
operation. As Figure 1 shows, bipolar devices 
depend upon the diffusion of minority carriers 
for current flow through the base region. When 
bipolar devices are subject to neutron irradia­
tion, the resulting crystal damage decreases 
minority carrier lifetime, causing severe perfor­
mance degradation. On the other hand, bipolar 
devices are usually relatively insensitive to sur­
fac·e effects resulting from charge buildup in the 
oxide layer. Thus ionizing radiation has little ef­
fect on many bipolar structures. However, some 

FIGURE 1_ Bipolar IC Transistor 



recently developed bipolar technologies contain 
unhardened parasitic MOS structures as a result 
of the oxide isolations and walled emitter pro­
cesses that they utilize. 

CMOS devices (see Figure 2) are surface effect 
devices. The equivalent operating elements, 
gate, source and drain, are at the surface, and 
the flow of current occurs horizontally across 
the device, very close to the silicon/silicon­
dioxide interface. Their characteristics are de­
termined by electrostatic conditions at the sili­
con/silicon·dioxide interface. Carriers originate 
in the source region, and CMOS devices depend 
upon majority carriers for their operation. They 
are therefore not seriously affected by the 
minority carrier lifetime degradation resulting 
from neutron irradiation. They are, however, sus­
ceptible to charge in the oxide or at the oxide­
substrate interface. Although gamma radiation 
will ionize both the oxide and the substrate, the 
resulting ionic charge cannot become trapped in 
the relatively conductive substrate as easily as it 
can be trapped in the insulating oxide. CMOS 
devices are therefore much more susceptible 
than bipolar devices to degradation from gamma 
radiation. 

FIGURE 2. CMOS IC Transistor 

CMOS IC Transistor Structures 

Complementary MOS, or CMOS, combines two 
types of MOS devices, P-channel and N-channel 
structures, into a single functioning unit. The 
lower power dissipation and high stability re­
sulting from this complementary combination is 
particularly attractive in the design of portable 
battery-powered electronic units, or for applica­
tions where a battery provides standby power. 

MOS structures, both N- and P-types, perform in 
two modes; enhancement and depletion. In an 
N-channel enhancement mode MOS device, for 
example, the gate controls the current flow be­
tween the source and drain. In this device, when 
a positive voltage is applied to the gate with re­
spect to the source, a field is set up across the 
gate dielectric, producing a negatively charged 
conductive path, a channel, between the source 
and the drain. This is known as an enhancement 
mode device because zero gate to source volt-
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age turns off the device. In the alternative mode, 
depletion, current flows despite the gate voltage 
being zero, because sufficient charge is present 
at the silicon/silicon-dioxide interface to induce 
a conductive path between the device source 
and drain regions. The P-channel MOS transistor 
is similar to the N-channel alternative, except 
that negative voltage applied to the gate, with 
respect to source, induces a positively charged 
conductive path between source and drain to 
turn the device Qn. . 

Conventional CMOS logic circuits are produced 
with only enhancement mode N- and P-channel 
devices. The process is designed to give turn on 
(threshold) voltage values for both types of de­
vices which insure proper circuit performance. 
Figure 3 illustrates the cross section of a CMOS 
structure connected in a simple inverter config­
uration. To form the standard metal gate CMOS 
structure, a lightly doped P-tub is formed by dif­
fusion into an N-type substrate with the tub be­
coming the substrate for the N-channel transis­
tor. The N + and P + impurities are diffused into 
P-tub and N-substrates to become the N- and P­
channel transistors' source and drain regions, 
respectively. These diffusions also serve as con­
tacting regions to the positively biased N-sub­
strate and the normally grounded P-tub regions 
(VDD and Vss, respectively). 

V55 
METAl_ 

VIN 

SIOl f-r~'4-'-'olr.,~4-r-~"'r-~"""~1r1 

\II SUBSTRATE 

Voo 

FIGURE 3. CMOS Transistor Structure in Simple 
Inverter Configuration 

A gate oxide is grown such that a thin film of di­
electric oxide material bridges all source/drain 
regions. Finally, contact apertures are etched to 
the source/drain regions and an aluminum film 
evaporated and etched to form gate electrodes, 
contacts to device terminals, and interconnect­
ing conductor lines. 

Effects of Ionizing Radiation 

A CMOS transistors' radiation resistance is 
primarily determined by formation of the gate 
structures in both P-channel and N-channel de­
vices. The gate structures are used to turn the 
MOS devices on or off; that is, to enable or pre­
vent a flow of current from the source to the 



drain. Ionizing radiation induces unwanted posi­
tive charge into the gate oxide structure, result­
ing in lower threshold voltages for both actual 
circuit devices and parasitic field oxide devices 
by as much as 30V or more. Figure 4 shows the 
charge buildup mechanisms in an N-channel 
gate oxide during irradiation under worst-case 
bias. In establishing a radiation hardened CMOS 
process, it is necessary to incorporate proces­
sing steps which minimize' these radiation­
induced shifts in critical locations of the IC 
structure. 

+ 10V 

FIGURE 4. Charge Buildup Mechanisms in an 
N·Channel Gate Oxide during 
Irradiation under Worst·Case Bias 

The impact of radiation-induced oxide charge on 
operating CMOS devices is to decrease the N­
channel threshold vollage, VTN, and increase the 
magnitude of the P-channel threshold voltage, 
VTP ' The most serious problem occurs when suf­
ficient reduction' in VTN ' occurs to cause the 
N'channel device to go from enhancement to de· 
pletion mode operation. This results in exces-, 
sive power supply current drain and loss of cir· 
cuit functionality. The most severe stress on an 
N·channel device occurs when its gate is posi­
tively biased during irradiation. This causes pos­
itive charge in the oxide to be driven closer to 
the Si-Si02 interface where it is more effective 
in causing. inversion at the P-type substrate 
surface. 

In normal operation, positive bias cannot appear 
between the gate and substrate of P·channel 
devices because the substrate is already at the 
most positive circuit potential, Voo. The abso­
lute value of VTP always increases with exposure 
to irradiation, and the magnitude of the shift is 
usualiy smaller than the VTN shift. The effect of 
the VTN is less deleterious to circuits, however, 
since the devices will never reach' depletion 
mode. 
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CMOS Process Modification 

Gate Oxidation 

To minimize both the radiati<;>n-induced positive 
oxide charge and formation of Si·Si02 interface 
states, a dry oxidation step is used. The gate 
oxide is thermally grown in a dry oxygen atmo· 
sphere at 1000·C, followed by a nitrogen anneal 
at 850·C. This cycle has been empirically found 
to produce oxides having a high degree of resis· 
tance to ionizing radiation effects as well as ex· 
cellent pre·radiation MOS characteristics.2 The 
need to thermally grow gate oxides at 1000·C in 
dry oxygen for optimal radiation hardness is one 
of the more intriguing aspects of this experi­
mentally deduced cycle. 

Metallization 

A by-product of the E·beam aillminum evapora· 
tion process commonly used in commercial IC 
fabrication is soft X·radiation. This radiation pro· 
duces the same type of positive charge in the 
gate oxide and interface states which a radiation 
hardened oxide should resist. Although these 
harmful effects in the gate oxide can be removed 
by an anneal cycle, the annealled devices are 
significantly less resistant to subsequent ioniz­
ing radiation. Use of a non·E-beam metallization 
technique circumvents the problem of high 
threshold shifts due to irradiation under zero 
and negative gate bias assoc,iated with soft 
X·ray damage. For this reason, induction heated 
evaporation of aluminum is used to fabricate 
radiation hardened CMOS products. 

Substrate and P·Tub Surface 

The deleterious effect of ionizing radiation on 
VTN and VTP values in a CMOS device can be 
minimized through process modification. In an­
ticipation of these threshold voltage shifts, radio 
ation hardened CMOS devices are designed with 
the initial value of VTN as high as possible and 
VTP as close to zero as possible without sacrific­
ing pre·radiation circuit performance. Both the 
substrate resistivity and the P·tub surface con­
centration have been modified with the initial 

. value of VTN being increased to 1.8 volts from 
the standard value of 1.3 volts and VTP being 
changed from the standard - 1.7 volts to -1.3 
volts. 

2. W. R. Dawes, Jr., G. F. Derbenwich and B. L. Gregory, "Pro· 
cess Technology for Radiation Hardened CMOS Integrated 
Circuits," IEEE Journal of Solid State Circuits, SC-ll, No.4, 
p. 459, August 1976. 



Performance Characteristics 

Extended Total Dose Rate [to 108 Rads (Si)] 

Data generated in the course of our testing indio 
.cates that the resistance of our CMOS products 
extends at least one order of magnitude above 
the 107 level we now offer. Figure 5 illustrates 
measured shifts from pre·irradiation values in 
P·and N·channel threshold voltage, VTP and VTN , 

respectively, up to total dose levels of 108 rads 
(Sil. Of special interest is the change in slope of 
the VTN versus dose characteristic at levels just 
above the 106 rads (Si). At this level, a reduction 
in the net positive charge trapped in the gate 
oxide is observed. This causes VTN to return 

3 
:z ... 

toward its initial value as dose level is increased 
even further while increases in VTP still remain 
within reasonable limits for satisfactory circuit 
operation. 

The distributions of the VTN and VTP data are 
found to be normal both before and after irradia· 
tion. The mean value of VTN and VTP ' and the 
standard deviation from the mean for both N· 
and P·channel devices, remain fairly constant 
from the unirradiated state through 106 rads (Sil 
dosage. The values shown remain well above the 
300mV VTN lower limit, below which the device 
would tend toward N·channel depletion mode 
behavior with a risk of lost circuit functionality 
as well as excessive supply current drain. 
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FIGURE 5. Variation of VTN and VTP with Radiation 

10' Figure 6 illustrates the supply quiescent current 
(Iss) variation as a fun.ction of dose. Since Iss is a 
function of die size, curves have been plotted for 
three levels of integration, SSI, MIS, and LSI. In 
all cases, the leakage level at 106 rads (8i) does 
not increase by mor.e than an order of magnitude 
from the initial value. The 30ILA reading at 106 

rads (8i) for LSI is far below the high tempera· 
ture (125°C) specification of 600ILA for standard 
devices. Similar comparisons can be made for 
MSI and 881. 

LSI 
10' L----...:..---....:::------

MSI 

,"mAl 11 nA AVG 

INmAl 5 nA AVG 551 

10' 5 6 7 8 9 10' 
DOSE (RAOS III 

FIGURE 6. Iss vs. Dose 
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Figure 7 illustrates circuit propagation delay, 
tpo, as a function of dose. The plot, similar to 
Figure 6, is divided into three categories (LSI, 
MSI, and SSI). The propagation delay value at 106 

rads (Si) for all three categories increased 
roughly 20-25% from the initial value, well with· 
in desirable operating tolerances. In Figures 5 
through 7, the biasing conditions during irradia· 
tion were: Voo= 10V, V,N = 10V, Vss=OV. 

250 

200 

;;; 150 
!!. 
J 

100 

50 

10' 

C,=50pF 

lSi 

INmAl 220 •• AVG. 

MSI 

INmAl 160 •• AVG. 

551 

IIIITlAl 65 •• AVG. 

4 5 6 7 8 9 10' 
DOSE (RADS II) 

FIGURE 7. tpD vs. Dose 

Hardness Assurance and Reliability 

Sampling plans have been established to ensure 
radiation hardness to 105, 106, or 107 rads (Si), as 
applicable,. since ionizing radiation degrades IC 
performance and irradiated devices cannot be 
used for production (thus making 100% screen­
ing impossible). In addition, an ongoing program 
has been established to evaluate the reliability 
characteristics' of radiation hardened CMOS 
circuits. 476 devices of the CD4001AD·RH; 
CD4011AD·RH, and MM54C200·RH types were 
initially tested and operated for over 800,000 
hours without a failure. This corresponds to a 
failure' rate less than 0.125%/1000 hours at 
125°C with a 60% confidence level. The continuo 
ing testing is aimed at verifying 10,000 hours per 
device of reliable operation~ 

Table I outlines National Semiconductor's Radi· 
, ation Hardness Assurance Sampling Plan, which 

Is totally compliant with MIL-STD·883, Method 
1019. This plan is used to assure hardness of 
devices built from a given wafer or inspection 
lot. Sample devices are assembled in accor· 
dance with sampling plan A or B. Sample de· 
vices are tested, irradiated; and retested, and 
must pass the appropriate post-radiation elec· 
trical limits for the lot to be qualified. The pro· 
duction units are capable of meeting MIL-M· 
38510 electrical test limits, when available, as 
well as National's RETS limits. 

TABLE I. Hardness Assurance Plan 

I. Plan A - Class B only: Qualification to 1 X 105, 1 X 106, or 1 x 107 rads (Si) 
Sample Size per QCI Inspection Lot 11 
Accept Level o Rejects 
Reje<.:t Level 1 Reject 

II. Plan B - Class B or S: Qualification to 1 X 105, 1 X 106, or 1 x 107 rads (Si) 
Sample Each.wafer 
Sample Size (Devices/Wafer) 4 
Accept Level , o Rejects per wafer 
Reject Level 

, 
1 Reject per wafer 

III. Product Flow (per MIL·STD-883, Method 1019): 
A. Assemble sample pevices in appropriate production package. 
B. Read-and·record electrical parameters (pre-radiation). 
C. Irradiate to applicable total gamma dose. 
D. Read·and-record electrical parameters (post·radiation). 
E. Evaluate perform'ance per applicable specification. 

8·22 



TABLE II·A. Pre· and Post·Radiation Specification 105 Rads (Si) 

LIMITS (Note 1) 

PARAMETER Voo CONDITIONS -55°C +25°C +.125°C 

Min MClX Min Max Min Max 

5 0.02 0.02 0.2 
Gate 10 0.04 0.04 0.4 

15 .0.D75 0.075 0.75 

5 0.3 0.3 3.0 
Buffer F/F 10 0.4 0.4 4.0 

100 15 VIN = Voo or Vss 0.5 0.5 5.0 

5 All Valid Input Combinations 0.3 0:3 3.0 
MSI 10 0.4 0.4 4.0 

15 0.5 0.5 5.0 

5 10 10 150 
LSI 10· 20 20 300 

15 40 40 600 

5 
VIN = Voo or Vss 

0.05 0.05 0.05 
VOL 10 0.05 0.05 0.05 

15 1101 < 10p.A 0.05 0.05 0.05 

5 
VIN = Voo or Vss 

4.95 4.95 4.95 
VOH 10 9.95 9.95 9.95 

15 1101 < 10p.A 14.95 14.95 .14.95 

5 VO= 0.5V, 4.5V 1.5 1.5 1.5 
Buffered 10 VO= 1V, 9V, 1101 < 10p.A 3.0 3.0 3.0 

VIL 
15 VO= 1.5V, 13.5V 4.0 4.0 4.0 

5 VO;'1.5V,3.5V 1.5 1.5 1.5 
Unbuffered 10 VO=3V,7V 1101 < 10p.A 3.0 3.0 3.0 

15 VO=4V,11V 4.0 4.0 4.0 

5 VO = 0.5V, 4.5V 3.5 3.5 3.5 
Buffered 10 VO= 1V, 9V 1101 < 10p.A 7.0 7.0 7.0 

VIH 
15 VO= 1.5V, 13.5V 11 11 11 

5 VO = 1.5V, 3.5V 3.5 3:5 3.5 
Unbuffered 10 VO=3V,7V 1101 < 10p.A 7.0 7.0 7.0 

15 VO=4V,11V 11 11 11 

liN 15 
VIN = OV or 15V ±10 ±10 ±45 Any Valid Condition 

IOLlloH 
Per Applicable Rei Electrical 

Published Data Sheet Limit Test Spec (RETS) 

t pLH , tpHL Per Applicable Rei Electrical 
Published Data Sheet Limit 

tTLH , tTHL Test Spec (RETS) 

Functionality Devices Will Pass Functional Test per Applicable Truth Table 
Note 1: For further device parameters, see individual device specifications. 
Note 2: These limits allow no degradation from the published data sheet limits. 
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TABLE II-B. Post-Radiation Specification 106 Rads (Si) 

LIMITS (Note 1) 

PARAMETER Voo CONDITIONS -55°C +25°C + 125°C UNITS 

Min Max Min Max Min' Max 

5 0.5 0.5 5.0 
Gate 10 0.75 0.75 7.5 p.A 

15 1.0 1.0 1.0 

5 0.25 0.25 5.0 
Buffer F/F 10 0.5 0.5 7.5 ,p.A 

100 
15 VIN = Vss or V.oo 1.0 1.0 10.0 

5 All Valid Input Combinations 3.0 3.0 30.0 
MSI 10 4.0 4.0 40.0 p.A 

15 5.0 5.0 50.0 

5 25 25 300 
LSI 10 50 50 400 p.A 

15 100 100 500 

5 
VIN = Vss or Voo 

0.25 0.25 0.25 
VOL 10 0.25 0.25 0.25 V 

15 1101 < 10p.A 0.25 0.25 ·0.25 

5 
VIN = Vss or Voo 

4.75 4.75 4.75 
VOH 10 9.75 9.75 9.75 V 

15 1101 < 10p.A 14.75 14.75 14.75 

5 VO = 0.5V, 4.5V 1.0 1.0 1.0 
Buffered 10 VO = iV, 9V, 110 I < 10p.A 2.0 2.0 2.0 V 

VIL 
15 VO = 1.5V, 13.5V 2.5 2.5 2.5 

5 VO= iV,4V 1.0 1.0 1.0 
Unbuffered 10 ' VO = 2V, BV 110 I < 10p.A 2.0 2.0 2.0 V 

15 VO = 2.5V, 12.5V 2.5 2.5 2.5 

5 VO = 0.5V, 4.5V 4.0 4.0 4.0 
Buffered 10 VO= iV, 9V 1101 < 10p.A B.O B.O B.O V 

VIH 
15 VO= 1.5V, 13.5V 12.5 12.5 12.5 

5 VO= iV, 4V 4.0 4.0 4.0 
Unbuffered 10 VO=2V, BV 1101 < 10p.A B.O B.O B.O V 

15 VO = 2.5V, 12.5V 12.5 12.5 12.5 

liN 15 
VIN = OV or 15V ± 100 ± 100 ± 100 nA Any Valid Condition 

10L/IoH 
Per Applicable Rei Electrical Minimum Limit is 75% of Published 
Test Spec (RETS) Data Sheet Limit 

tpLH, t pHL Per Applicable Rei Electrical Maximum Limit is 125% of Published 
tTLH , tTHL Test Spec (RETS) Data Sheet Limit 

Functionality Devices Will Pass Functional Test per Applicable Truth Table 

Note 1: For other device parameters, see individual device specifications. 
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TABLE II·C. Post·Radiation Specification 107 Rads (Si) 

LIMITS (Note 1) 

PARAMETER Voo CONDITIONS -55°C +25°C + 125°C UNITS 

Min Max Min Max Min Max 

5 3.0 3.0 10 
Gate 10 4.0 4.0 15 }LA 

15 5.0 5.0 20 

5 3.0 3.0 5.0 
Buffer F/F 10 4.0 4.0 10 }LA 

100 15 VIN=VSSorVoo 5.0 5.0 20 

5 All Valid Input Combinations 5,0 5.0 50 
MSI 10 7.5 7.5 75 }LA 

15 10.0 19·0 100 

5 50 50 500 
LSI 10 100 100 750 }LA 

15 200 200 1000 

5 
VIN = Vss or Voo 

0.5 0.5 0.5 
VOL 10 0.5 0.5 0.5 V 

15 1101 < 10}LA 0.5 0.5 0.5 

5 
VIN=VSS orVoo 

4.5 4.5 4.5 
VOH 10 9.5 9.5 9.5 V 

15 1101 < 10}LA 14.5 14.5 14.5 

5 VO = 0.5V, 4.5V 1.0 1.0 1.0 
Buffered 10 . VO=1V,9V, 1101 < 10}LA 2.0 2.0 2.0 V 

VIL 
15 VO= 1.5V, 13.5V 2.5 2.5 2.5 

5 VO= iV, 4V 1.0 1.0 1.0 
Unbuffered 10 VO=2V, BV 1101 < 10}LA 2.0 . 2.0 2.0 V 

15 VO = 2.5V, 12.5V 2.5 2.5 2.5 
'. 

5 VO = 0.5V, 4.5V 4.0 4.0 4.0 
Buffered 10 VO= iV, 9V 1101 < 10}LA B.O B.O B.O V 

VIH 
15 VO= 1.5V, 13.5V 12.5 12.5 12.5 

5 VO= 1V, 4V 4.0 4.0 4.0 
Unbuffered 10 VO=2V, BV 1101 < 10}LA B.O B.O B.O V 

15 VO= 2.5V, 12.5V 12.5 12.5 12.5 

liN 15 
VIN = OV or 15V 

± 100 ± 100 ± 100 nA Any Valid Condition 

IOLlloH 
Per Applicable Rei Electrical Minimum Limit is 65% of Published 
Test Spec (RETS) Data Sheet Limit 

t pLH, t pHL Per Applicable Rei Electrical Maximum Limit is 140% of Published 
tTLH, tTHL Test Spec (RETS) Data Sheet Limit 

Functionality Devices Will Pass Functional Test per Applicable Truth Table 

Note 1: For other device parameters, see individual device specifications. 
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TABLE III. Post.R~diation Specification Comparison (25°C) 

LIMITS (Note 1) 

PARAMETER Voo CONDITIONS 
105 Rads 106 Rads 107 Rads 

UNITS (Si) (Si) (Si) 

Min Max Min Max Min Mlix 

5 0.02 0.5 3.0 
Gate 10 0.04 0.75 4.0 p,A 

15 0.075 1.0 5.0 

5 0.3 0.25 3.0 
Buffer F/F 10 0.4 0.5 4.0 p,A 

100 15 
VIN=VSS or Voo 

0.5 1.0 5.0 

5 All Valid Input 0.3 3.0 5.0 
MSI 10 ,Combinations 0.4 4.0 7.5 p,A 

15 0.5 5.0 10.0 

5 10 25 50 
LSI 10 20 50 100 p,A 

15 40 100 200 

5 
VIN = Vs's or Voo 

0.05 0.25 0.5 

VOL 10 0.05 0.25 0.5 V 
15 1101 < 10p,A 0.05 0.25 0.5 

5 
VIN=VSSorVoo 

4.95 4.75 4.5 
,VOH 10 9.95 9.75 9.5 V 

15 1101 < 10p,A 14.95 14.75 14.5 

5 va = 0.5V, 4.5V 1.5 1.0 1.0 
Buffered 10 VO=1V,9V, 1101 < 10p,A 3.0 2.0 2.0 V 

VIL 
15 VO= 1.5V, 13.5V 4.0 2.5 2.5 

5 1.5 1.0 1.0 
Unbuffered 10 VO= Note 2 1101. < 10p,A 3.0 2.0 2.0 V 

15 4.0 2·9 2.5 

5 va = 0.5V, 4.5V 3.5 4.0 4.0 
Buffered 10 VO= 1V, 9V 1101 < 10p,A 7.0 8.0 8.0 V 

VIH 
15 VO= 1.5V, 13.5V 11 12.5 12.5 

5 3.5 4.0 4.0 
Unbuffered 10 VO= Note 2 1101 < 10p,A 7.0 8.0 8.0 V 

15 11 12.5 12.5 

liN 15 VIN = OV or 15V 
±10 ±100 ±100 nA 

Any Valid Condition 

Data 75% 60% 

IOLlioH 
Per Applicable Rei Electrical Sheet of of 
Test Spec (RET$) Data Data Limit 

Sheet Sheet 

125% 140% 
tpLH, t pHL Per Applicable Rei Electrical Data of of 

tTLH , tTHL Test Spec (RETS) Sheet Data Data 
Sheet Sheet 

Functionality Devices Will Pass Functional Test per Applicable Truth 'Table 

Nole 1: All 105 rads (Si) limils allow no degradation from published dala sheet limits. 

Nole2: AI 105 rads (Si), VO will be 10% or 90% of Voo; all06 cirl07 rads (Si), VO will b,e lVor4Vat VOO=5V, 2VorBV at VOO= 10V, and 
2,5V or 12,5V at VOO= 15V, / 
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Dose Rate Performance 

When CMOS ICs are subjected to large bursts of 
ionizing radiation, hole-electron pairs are cre­
ated in the silicon substrate. The resultant cur­
rent flowing through the high resistivity P- and 
N-substrates can cause voltage differences 
which may impair circuit performance in one of 

. the following ways. 

One: LATCH-UP 

A CMOS circuit contains the structural elements 
required to form a four-layered Schottky diode 
switching device as illustrated in Figure 8. The 
emitter-base junctions of the lateral PNP and 

P-CH 

DRAIN 

N-

vertical NPN which comprise the Schottky diode 
are normally prevented from becoming forward­
biased by the circuit metallization. Because of 
this, the Schottky diode will be in the off state 
during normal circuit operation and will pose no 
threat to reliable circuit performance. 

Sufficiently high values of burst radiation can 
cause currents to flow through substrate resis­
tances, RN _ and Rp _, to cause forward-biasing 
of the parasitic PNP and NPN emitter-base junc­
tions and turn on the Schottky diode. The exces­
sive flow of supply current which accompanies 
turn-on of the Schottky diode has been found to 
occur in the range of 108 to 101 rads (Si)/sec on 
many CMOS circuits. 

N-CH 

DRAIN 

FIGURE 8_ Cross Section of CMOS Circuit Elements which May 
Lead to Latch-Up during Ionizing Radiation Bursts 

The basic circuit required for latch-up to occur is 
illustrated in Figure 9. It consists of a parasitic 

. bipolar NPN and PNP transistor sharing a com­
mon collector-base junction. The two require­
ments necessary for turn on of this device are: 

1. The product of the common emitter current 
gains of the two devices, (3 and (3PNP must 
satisfy the relationship ((3NPN) ((3PNP) ~ 1, and 

2. The emitter-base junction of the two transis­
tors must remain forward-biased to about 
0.6V or greater after the NPNP device has 
been turned on. 

In normal operation, condition No.1 may be met, 
but condition No.2 will not be met, permitting 
latch-up-free operation. 
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FIGURE 9_ Latch·Up Equivalent Circuit for 
Bulk CMOS Structure 



.... 

This problem .can be completely eliminated by 
reducing to less than unity the product of the 
common emitter current gains of the NPN and 
PNP devices comprising the Sphottky diode. 
One technique which has been successfully em­
ployed to eliminate the latch-up problem has 
been the use of neutron irradiation to lower 

minority carrier lifetime in the silicon substrate 
which directly affects parasitic bipolar current 
gains. As the values in Table IV indicate, neutron 
treatment of parts which exhibit latch-up at 
3 x 108 and 3 x 109 rads (Si)/sec resulted in latch­
up-free operation up to the limit of the burst sim­
ulationequipment, 1010 rads (Si)/sec. 

TABLE IV. Latch-Up Performance 

DOSE REQUIRED FOR LATCH-UP 

DEVICE Voo CONTROL UNITS 
(NON-NEUTRON TREATED) NEUTRON TREATED* 

CD4006 10V >9.4x 109 >9.4x 109 Rads (Si)/sec 
CD4011 10V 3.1 x 109 >9.4x 109 Rads (SI)/sec 
CD4012 10V 2.0 X 109 >2.4x 109 Rads (Si)/sec 
CD4053 10V 3.2x 108 >9.4x 109 Rads (Si)/sec 
MM54C200 5V >2.2x 1010 >B.Bx 1011 Rads (Si)lsec 

- Neutron treated parts were subjected to a neutron flux of 1 X 1014 neutrons (fast)/cm2. 

By treating wafers with neutron fluxes on the 
order of 1014/cm2, this enhanced circuit perfor­
mance is obtained without sacrificing paramet­
ric performance. This is illustrated in Figures 10 
and 11, which plot supply drain and propagation 
delay, respectively, versus neutron flux and 
show no significant Clegradation at the 1014/cm2 
level. . 

'~%~E 
• 

I 
10'" 

NEUTRON FLUX 
(n/cm2) 

DEVICE USED: MM54C200DIRH 
(256·BIT RAM) 

~/1 
1015--, 10'6 

FIGURE 10. Device Quiescent Supply Current vs. 
Neutron Flux 

NEUTRON FLUX 

(nlem2) 

DEVICE USED: MM54C200D/RH 
(256·8IT RAM) 

FIGURE 11. Propagation Delay vs. Neutron Flux 

8-28 

Another very successful method that has been 
used to reduce susceptibility to dose rate in­
duced latch-up has been to use low resistivity 
substrate material with a high reSistivity epitax­
ial layer. This structure introduces a low imped­
ance shunt across RN _ in Figure 9, and hence 
prevents latch-up. Using this technique, devices 
can be supplied which do not 'latch-up even 
when exposed to do'se rates of 1012 rads/sec. 

Two: DATA·UPSET 

This effect results in the loss of stored data in a 
circuit after being subjected to burst radiation. It 
is typically of most concern in circuits such as 
memories and shift registers, where stored data 
bits are not directly coupled to circuit inputs. 
The problem is again caused by electron hole 
pair generation during ionizing burst radiation 
exposure. The resulting photo currents can 
cause a current flow across. a normally reverse­
biased PN junction. This current flow can upset 
the logic level stored at a node associated with 
the PN junction. 

Table V shows the effect that neutron treatment 
of an MM54C200D/RH 256-bit static RAM has on 
the dose rate at which upset occurs. The effect 
of neutron fluxes on data upset is not nearly as. 
dramatic as it is in the case of latch-up. Although 
neutron fluxes in excess of 1015/cm2 cause sig­
nificant alterations in semiconductor material 
properties and circuit electrical parameters, Fig­
ures 10 and 11 indicate that the circuits tested 
would still meet data sheet requirements after 
irradiation in excess of 2 x 1015/cm2. At this level 
the tolerance to data upset exhibits about a 



TABLE V. Data Upset Performance 

DOSE RATE NEEDED TO INDUCE DATA UPSET 

NEUTRON FLUX CD4006D 
(N·FAST/cm6) 18·BIT SHIFT REGISTER 

Voo= 10V 

o (control) 4.7 x 108 

1 x 1014 4.7 x 108 

1 x 1015 -
1 x 1016 -

threshold improvement over untreated devices. 
Almost an entire order of magnitude improv'e· 
ments in data upset tolerance can be obtained 
with treatment at 1016/cm2 if the user can toler· 
ate the degraded propagation delay and in· 
creased supply current drain occurring at this 
level. 

Rad Hard CMOS Reliability 

Radiation hardness, however, is of no value to 
the system user if it is accomplished at the sac· 
rifice of device reliability. To confirm device reli· 
ability, each of 476 units from five lots were sub· 
jected to 2.016 hours of burn-in at 125°C. The 
total device hours were 804,384, which repre­
sents a projected 0.11 %/1000 hours failure rate 
at a 60% confidence level. This falls well within 
the reliability requirements of even the most 
stringent programs. 

In addition to this initial sampling, 100% burn-in 
screening, as well as operating life testing, has 
been performed on many lots that have been 
produced for various customers. The results of 
this additional testing have continued to demon­
strate that rad hard devices are reliable. 10,000· 
hour life tests are currently underway to further 
establish long-term reliability. The results of this 
testing and further testing across our entire rad 
hard product line will be added to the existing 
data as they become available. 

Radiation Hardened Linear Devices 

Altho,ugh most bipolar logic devices tend to be 
inherently hard when exposed to total·dose 
gamma radiation, many bipolar linear devices 
will begin to degrade when exposed to relatively 
low levels of such radiation. The causes are sim'­
ilar to those seen inMOS radiation exposure­
related failures. Linear devices are more suscep­
tible to low current {3 degradation than most 
bipolar technologies. A major cause of of low 

MM54C200D (MEMORY ENABLED) 
UNITS 
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256·BIT RAM, Voo=5V 

1.76x 108 Rads (Si)/sec 
2.00 x 108 Rads (Si)/sec 
5.00 x 108 Rads (Si)/sec 
1.17x 109 Rads (Si)/sec 

current {3 degradation is surface leakage across 
the emitter-base junction. This surface leakage, 
like MOS characteristics, Is related to the oxide 
and interface charges which are induced by high 
levels of radiation. 

The solution to linear radiation problems, how­
ever, is quite different from what we have de­
scribed above for CMOS devices. Total modifica­
tion of the fabrication process is needed in order 
to achieve rnegarad hardness on linear devices. 
We have developed megarad versions of the 
LM108A and LM101A. We have extensive re­
search and development currently underway in 
this area, for we feel that a broad line of rad hard 
linear devices is essential if systems designers 
are to achieve total systems hardness. 

Ordering Information 

, National Semiconductor's Radiation Hardened 
CMOS devices are available in three different 
levels of hardness, one of which is sure to sat­
isfy the needs of your program. The levels av~il­
able are 1 x 105 rads (Si), 1 x106 rads (Si), and 
1 x 107 rads (Si), with post-radiation test limits as 
defined in Table II-A, II-B, or II-C of this brochure 
(as applicable). Each of these can be obtained in 
either a bottom-brazed flatpack or in a side· 
brazed dual-in-line package, both of which have 
solder-sealed lids. In addition, these devices 
may be obtained with either Class S or Class B 
screening.' National Semiconductor's 883B/ 
RETS and 883S/RETS microcircuits (which are 
described in more detail in' other brochures) are 
fully compliant with the 100% screening re­
qUirements of Method 5004 and MIL·STO-883 for 
the applicable screening level and have met the 
applicable quality conformance requirements of 
Method 5005 of MIL·STO-883. 

"National Semiconductor has qualified a number of Radiation 
Hardened devices in accordance with MIL·M·38510, and 



Ordering is quite simple. Parts may be ordered 
using one of the following part number struc· 
tures (as applicable). 

CI)4093BM W I R H 8 S L Screening Level 
S=Class S 
B= Class B 

Radiation Hardness Level 
5 = 1 X 105 rads (Si) 
6 = 1 X 106 rads (Si) 
7 = 1 X 107 rads (Si) 

Indicates Hardness Type 
H = Total dose hardened 
E = Dose rate hardened 

Indicates Radiation Hardened 
Device 

'----- Package Type 
J = Side·brazed DIP 
W = Bottom·brazed flat 
E = Leadless chip carrier 

'--------Basic Device 

In addition, we are willing to evaluate contractor· 
prepared prints for radiation hardened devices. 

Radiation Susceptibility Testing 

Natiqnal Semiconductor has also recognized 
that there is a need on some programs for data 
relative to the actual hardnes.s level of the prod· 
uct used, ,even where that product has not been 
specifically hardened. To address that need, 
Na~ional has developed a radiation susceptibil· 

) 
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J M38510 H 055 03 SF C LLead Finish 
.. A= Solder DIP 

B=Tin plate 
. C = Gold plate 

Package Type 
. A= 14·pin metal flat 

C= 14·pin dual·in·line 
D= 14·pin ceramic flat 
E= 16·pin dual·in·line 
F = 16·pin flat 

Scre"ning Level 
S=Class 5 
B=Class B 

'---Device on Detail 
Specification 

L--___ Detail Specification 
Number 

'------ Radiation Level 
M = 2500 rads (Si) 
D = 1 X 104 rads (Si) 
R· = 1 X 105 rads (51) 
H = 1 X 106 rads (Si) 
No Mll·M-38510 indicator 
exists for 107 rads 

':-----:-- Mll·M·38li10 

'------~---JAN Mark 

ity test program. The intent of this program is to 
provide, in advance of actual assembly of prod­
uct, radiation tolerance data which will allow the 
user to determine whether those devices meet 
the radiation limits required by his program. 
Since the testing need not be done to a specific 
limit, this program is able to provid.e specific 
device data for those programs whose radiation 
tolerance limits are classified. Details on this 
program will be provided on request. 



NATIONAL SEMICONDUCTOR'S MEGARAD RADIATION HARDENED PRODUCT LIST 

The following device types were released as of December 1,1983 by National Semiconductor as radia­
tion hardened products to the 105, 106, 107 rads (Si) levels. These parts will be processed to National's 
883SIRETS™ or 883BIRETS™ flow in the bottom-brazed flat ("F"), side-brazed dual-in-line ("0"), or ceramic 
("J") and ("W") package configurations. This list supersedes and replaces all previously published lists. 

DEVICE 

CD4000MSI 
CD4001 SSI 
CD4002 SSI 
CD4006 MSI 
CD4007 SSI 
CD4008MSI 
CD4009 SSI 
CD4010 SSI 
CD4011 SSI 
CD4012 SSI 
CD4013MSI 
CD4014 MSI 
CD4015 MSI 
CD4016 MSI 
CD4017 MSI 
CD4018 MSI 
CD4019 SSI 
CD4020 MSI 
CD4021 MSI 
CD4022 MSI 
CD40239S1 
CD4024 MSI 
CD4025 SSI 
CD4027 MSI 
CD4028 MSI 
CD4029MSI 

CD4006B MSI 
Cb4030B MSI 
MM54COO SSI 
MM54C02 SSI 

SERIES DEVICE 

A CD4030 SSI 
AlB CD4031 MSI 
AlB CD4034 MSI 
A CD4035 MSI 

AIUB CD4040 MSI 
AlB CD4041 SSI 
A CD4042MSI 
A CD4043MSI 

AlB CD4044 MSI 
AlB CD4046 MSI 
AlB CD4047 MSI 
AlB CD4048 SSI 
AlB CD4049 SSI 
AlB CD4050 SSI 
AlB CD4051 MSI 
AlB CD4052 MSI 
AlB CD4053 MSI 
AlB CD4066 SSI 
AlB CD4069 SSI 
AlB CD4070 SSI 
AlB CD4071 SSI 
AlB CD4072 SSI 
AlB CD4073 SSI 
AlB CD4075 SSI 
AlB CD4076 MSI 
AlB CD4081 SSI 

IN DEVELOPMENT 

MM54C08 SSI 
MM54C10 SSI 
MM54C20 SSI 

MM54C30 SSI 
MM54C32 SSI 
MM54C221 MSI 

RAD HARD CMOS 

SERIES DEVICE SERIES 

A CD4082 SSI B 
AlB CD4093 SSI B 

B CD4094 MSI 8 
AlB CD4099 MSI B 
AlB CD40106 SSI 8 
A CD40160 MSI· 8 

AlB CD40161 MSI B 
AlB CD40162 MSI 8 
AlB CD40163 MSI 8 
B CD40174 MSI B 
B CD40192 MSI B 

AlB CD40193 MSI B 
A/UB CD4510 MSI B 
AlB CD4512 MSI 8 
AlB CD4514 MSI B 
AlB CD4516 MSI B 
AlB CD4518 MSI B 
AlB CD4520 MSI B 

AIUB CD4528 MSI B 
B CD4538B MSI B 
B CD4584SS1 B 
B CD4724 MSI 
B MM54C04 SSI 
B MM54C14 SSI 
B MM54C42 MSI 
B MM54C85 MSI 

MM54C86 SSI 
CD4515 MSI 

DEVICE 

MM54C89 MSI . 
MM54C160 MSI 
MM54C161 MSI 
MM54C162 MSI 
MM54C163 MSI 
MM54C173 MSI 
MM54C174 MSI 
MM54C175 MSI 
MM54C192 MSI 
MM54C193 MSI 
MM54C200 LSI 
MM54C240 MSI 
MM54C244 MSI 
MM54C374 MSI 
MM54C901 SSI 
MM54C902 SSI 
MM54C903 SSI 
MM54C904 SSI 
MM54C905 MSI 
MM54C906 SSI 
MM54C907 SSI 
MM54C914 MSI 
MM54C941 MSI 
MM70C95 SSI 
MM70C96 MSI 
MM70C97 SSI 
MM70C98 MSI 
MM78C29 MSI 
MM78C30 MSI 

For additional information regarding these or National's upcoming radiation hardened products, please 
contact Military/Aerospace Marketing at (408) 721-6670 - Mailstop 16-184. 
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National's A + Program 

A + Program: A comprehensive program that utilizes 
National's experience gained from participation in the 
many Military/Aerospace programs. 

A program that not only assures high quality but also in­
creases the reliability of molded integrated circuits. 

The A + program is intended for users who cannot perform 
incoming inspection of ICs or do not wish to do so, yet need 
significantly better than usual incoming quality and higher 
reliability levels for their standard integrated circuits. 

Users who specify A + processed parts will find that the 
program: 

• Eliminates incoming electrical inspection. 

• Eliminates the need for, and thus the added cost of, inde-
pendent testing laboratories. 

• Reduces the cost of reworking assembled boards. 

• Reduces field failures. 

• Reduces equipment down time. 

• Reduces the need for excess inventories due to yield 
loss incurred as a result of processing performed at inde­
pendent testing laboratories. 

The A+ Program Saves You Money 

It is a widely accepted fact that down-time of equipment is 
costly not only in lost hours of machine usage but also cost­
ly in the repair and maintenarice cycle. One of the added 
advantages of the A + program is the burn-in screen, which 
is one of the most effective screening procedures in the 
semiconductor industry. Failure rates as a result of the burn­
in can be decreased many times. The objective of burn-in is 
to stress the device much higher than it would be stressed 
during normal usage. 

Reliability vs. Quality 

The words "reliability" and "quality" are often used inter­
changeably, as though they connoted identical facets of a 
product's merit. But reliability and quailty are different, and 
IC users must understand the essential difference between 
the two concepts in order to evaluate properly the various 
vendors' programs for products improvement that are gen­
erally available, and National's A + program in particular. 

The concept of quality gives us information about the popu­
lation and faulty IC devices among good devices, and gen­
erally relates to the number of faulty devices that, arrive at a 
user's plant. But looked at in another way, quality can in­
stead relate to the number of faulty ICs that escape detec­
tion at the IC vendor's plant. 

It is the function of a vendor'S Quality Control arm to monitor 
the degree of success of that vendor in reducing the num­
ber of faulty ICs that escape detection. Quality Control does 
this by testing the outgoing parts on a sampled basis. The 
Acceptable Quality Level (AQL) in turn determines the strin­
gency of the sampling. As the AQL decreases it becomes 
more difficult for defective parts to escape detection, thus 
the quality of the shipped parts increases. 
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The concept of reliability, on the other hand, refers to how 
well a part that is initially good will withstand its environ­
ment. Reliability is measured by the precentage of parts that 
fail in a given period 'of time. 

Thus the difference between quality and reliability means 
the ICs of high quality may, in fact be of low reliability, while 
those of low quality may be of high reliability. 

Improving the Reliability of Shipped Parts 

The most important factor that affects a part's reliability is 
its construction: the materials used and the method by 
which they are assembled. 

Reliability cannot be tested into a part. Still, there are tests 
and procedures that an IC vendor can implement which will 
subject the IC to stresses in excess of those .that it will en­
dure in actual use, and which will eliminate marginal, short­
life parts. 

In any test of reliability the weaker parts will normally fail 
first. Further, stress tests will accelerate, or shorten, the 
time of failure of the weak parts. Because the stress tests 
cause weak parts to fail prior to shipment to the user, the 
population of shipped parts will in fact demonstrate a higher 
reliability in use. 

National's A + Program 

National has combined the successful B + program with the 
Military/ Aerospace processing specifications and provides 
the A + program as the best practical approach to maxi­
mum quality and reliability on molded devices. The following 
flow chart shows how we do it step by step. 

SEM 

Randomly selected wafers are taken from produc­
tion regularly and subjected to SEM analysis. 

Epoxy B Processing for All Molded Parts 

At National, all molded semiconductors, including 
ICs, have been built by this process for some time 
now. All processing steps, inspections, and QC 
monitoring are designed to provide highly reliable 
products. (A reliability report is available that gives, 
in detail, the background of Epoxy B, the reason for 
its selection at National, and reliability data that 
proves its success.) 

Six Hour, 1S0'C Bake 

This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, and 
helps eliminate marginal bonds and electrical con-
nections. . 

Five Temperature Cycles (70'C to 100'C) 

Exercising each device over a 1 00' temperature 
range provides an additional die and package 
stress. 
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High Temperature (100'C) Functional Electrical 
Test 

A high temperature test with voltages applied 
places the die under the most severe stress possi­
ble. The test is actually performed at 100'C-15'C 
higher than the commercial ambient limit. All devic­
es are thoroughly exercised at the 100'C ambient. 

Electrical Testing 

Every device is tested at 25'C for functional and DC 
parameters. 

Burn-In Test 

Each device is burned-in for 160 hours at a mini­
mum junction temperature of + 125'C or under 
equivalent conditions of time and temperature, as 
established by a time-temperature regression curve 
based on 0.96eV activation energy. All burn-in done 
under steady-state conditions unless otherwise 
specified. 

DC Functional and Parametric Tests 

These room-temperature functional and parametric 
tests are the normal, final tests through which all 
National products pass. 

Thermal Shock Monitor 

Samples from each package type 
are selected at random each 
week and submitted to cycles of 

liquid to liquid thermal shock -65'C to + 150'C. In 
addition, samples are selected every four weeks 
and subjected to 2000 temperature cycles of O'C to 
+ 25'C. 

Tighter-than-normal QC Inspection Plans 

Most vendors sample inspect outgoing parts to a 
0.3% AQL. When you specify the A+ program, we 
sample your parts to a 0.035% AQL at room tem­
perature and 0.05% AQL at T A Max. This eight 
times tightening (from 0.3 to 0.035% AQL) coupled 
with three 100% electrical tests, dramatically re­
duces the number of "escapes" and allows us to 
guarantee the AQLs listed below. o Ship Parts 
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Here are the QC sample plans used in our A + test pro­
gram: 

Test 
Electrical Functionality 
Parametric, DC 
Parametric, AC 
Electrical Functionality 
Parametric, DC 
Mecnanical 

Critical 
Major 

Temperature AQL 

25'C. } 
25'C 0.035% 

2~C ~1% 

At each temperature} 
0.05% 

extreme. 

0.01% 
0,28% 



National's B + Program 

B + Program: a comprehensive program that assures high 
quality and high reliability of molded integrated circuits. 

The B + program improves both the quality and the reliabili­
ty of National's digital, linear, and CMOS Epoxy B integrated 
circuit products. It is intended for the manufacturing user 
who cannot perform incoming inspection of ICs, or does not 
wish to do so, yet needs significantly-better-than-usual in­
coming quality and reliability levels for standard ICs. 

Integrated circuit users who specify B + processed parts 
will find that the program: 

• Eliminates incoming electrical inspection. 

• Eliminates the need for, and thus the added cost of, inde-
pendent testing laboratories. 

• Reduces the cost of reworking assembled boards. 

• Reduces field failures. 

• Reduces equipment down time. 
Reliability Saves You Money 

With the increases population of integrated circuits in mod­
ern electronic systems has come an increased concern with 
IC failures in such systems. 

And rightly so, for at least two reasons. 

First of all, the effect of component reliability on system 
reliability can be quite dramatic. For example, suppose that 
you, as a system manufacturer, were to choose an IC that is 
99 percent reliable. You would find that if your system used 
only 70 such ICsl the overall reliability of the system's IC 
portion would be only 50 percent. In oiher words: only one 
ou! of two of your systems would operate. The result? A 
system very costly to produce and probably very difficult to 
sell. . 

Secondly, whether the system is large or small you cannot 
afford to be hounded by the spectre of unnecessary mainte­
nance costs. Not only because labor, repair, and rework 
costs have risen-and promise to continue to rise-but also 
because field replacement may be prohibitively expensive. If 
you ship a system that contains a marginally-performing IC, 
an IC that later fails in the field, the cost of replacement may 
be-literally-hundreds of times more thaI") the cost of the 
failed IC itself. 

Improving The Reliability of Shipped Parts 

The most important factor that affects a part's reliability is 
its construction: the materials used and the method by 
which they are assembled. 

Now, it's true that reliability cannot be tested into a part. 
Still, there are tests and procedures that an IC vendor can 
implement, which will subject the IC to stresses in excess of 
those that it will endure in actual use, and which will elimi­
nate most marginal, short-life parts. 

In any test for reliability the weaker parts will normally fail 
first. Further, stress tests will accelerate, or shorten, the 
time to failure of the weak parts. Because the stress tests 
cause weak parts to fail prior to shipment to the user, the 
population of shipped parts will in fact demonstrate a higher 
reliability in use. 
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Quality Improvement 

When an IC vendor specifies 100 percent final testing of its 
parts then, in theory, every shipped part should be a good 
part. However, in any population of mass-produced items 
there does exist some small percentage of defective parts. 

One of the best ways to reduce the number of such faulty 
parts is, simply, to retest the parts prior to shipment. Thus, if 
there is a one percent chance that a bad part will escape 
detection initially, retesting the parts reduces that probability 
to only 0.01 percent. (A comparable tightening of the ac 
group's sampled-test plan ensures the maintenance of the 
improved quality leveL) 

National's B + Program Gets It All Together 

We've stated that the B + program improves both the quali­
ty and the reliability of National's molded integrated circuits, 
and pointed out the difference between those two concepts. 
Now, how do we bring them together? The answer is in the 
B + program processing, which is a continuum of stress and 
double testing. With the exception of the final ac inspec­
tion, which is sampled, all steps of the B + process are 
performed on 100 percent of the program parts. The follow­
ing flow chart shows how we do it, step by step. 

SEM 

Randomly selected wafers are taken from produc­
tion regularly and subjected to SEM analysis. 

Epoxy B Processing for All Molded Parts 

At National, all molded semiconductors, including 
ICs, have been built by this process for some time 
now. All processing steps, inspections, and ac 
monitoring are designed to provide highly reliable 
products. (A reliability report is available that gives, 
in detail, the background of Epoxy B, the reason for 
its selection at National, and reliability data that 
proves its success.) 

Six Hour, 150'C Bake 

This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, and 
helps eliminate marginal bonds and electrical con­
nections. 

High Temperature (100'C) Functional Electrical 
Test 

A high temperature test such as this with voltages 
applied places the die under the most severe stress 
possible. The test is actually performed at 100'C-

Five Temperature Cycles (70'C to 100'~) 

ExerCising each device over a 100' temperature 
range provides an adCjitional die and package 
stress. 



National's B + Program (Continued) 

15·C higher than the commercial ambient limit. All 
.devices are thoroughly exercised at the 100"C am­
bient. (Even though Epoxy B processing has virtual­
ly eliminated thermal intermittents, we perform this 
test to ensure against even the remote possibility of 
such a problem. Remember, the emphasis in the 
B + program is on the elimination of those margin­
ally-performing devices that would otherWise lower 
field reliability of the parts.) 

DC Functional !lnd Parametric Tests 

These room-temperature functional and parametric 
tests are the normal, final tests through which all 
National products pass. 

Thermal Shock Monitor 

Samples from each package type are 
selected at random each week and 
submitted to 100 cycles of liquid to liq-
uid thermal shock - 65·C to + 150·C. 
In addition, samples are selected every 
four weeks and subjected to 2000 tem­
perature cycles of O·C to + 25·C. 

Tlghter-than-normal QC Inspection Plans 

Most vendors sample inspect outgOing parts to a 
0.3% AQL. When you specifY the B+ program, we 
sample your parts to a 0.035% AQL at room tem- . 
perature and 0.05% AQL at T A Max. This eight 
times tightening (from 0.3 to 0.035% AQL) coupled 
with two 100% electrical tests, dramatically reduc­
es the number of "escapes" and allows us to guar­
antee the AQLs listed below. 

Ship Parts 

Here are the QC sampling plans used in our B + test pro­
gram: 

Test Temperature AQL 
Electrical Functionality 25·C } 
Parametric, DC 25·C 0.035% 

Parametric, AC 25·C 0.1% 
Electrical Functionality At each temperature -} 

0.05% 
Parametric, DC extreme. 
Mechanical 

Critical 0.01% 
Major 0.28% 
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INTRODUCTION 

Until recently, the primary reasons for the popularity of CMOS logic circuits have been low power dissipation, tolerance to wider 
variations in power supply voltage, and the flexibility of using a broader range of power supplies. Although the acceptance of 
CMOS in logic applications has been increasing over the past decade, its growth has been limited by its inherently slower speed 
compared with its bipolar counterparts. 

The metal gate technology, from which all of the popular CMOS families were built, typically yielded a 90 ns propagation delay 
for a buffered gate, and a guaranteed maximum more than double that, whereas, the bipolar equivalents in the popular low 
power Schottky family provided typical delay of 8 ns with maximums of 15. Under real-world demands of increasingly faster 
computer processing times, many systems simply could not use CMOS and at the same time meet system specifications. 

The arrival of the silicon gate process allowed CMOS to make its largest technological improvement since its inception. By 
employing this process, National Semiconductor has been able to increase CMOS speeds to the point where they are now equal 
to LS speeds, while still maintaining the earlier power dissipation and supply voltage attractiveness. 

Series 54HC/74HC High Speed CMOS was announced in the summer of 1981 and will include, when fully developed, nearly 200 
logic devices. Many of these devices will be equivalents to those functions popular today in both "LS'~ and "4000" families. 
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KEY FEATURES OF THE SERIES 54HC174HC FAMILY 
• LS speeds at CMOS power 
• Operation over a 2V to 6V power supply range 
• Output sink and source capability of 4 mA 
• AC guarantees across the applicable temperature range 

HIGH SPEED (HC) CMOS DEVICE FABRICATION 
High Speed CMOS wafer fabrication is designed to produce reliable, high performance devices which require minimum handling 
restrictions. At National Semiconductor, these objectives are achieved through the use of advanced materials, process innova-
tions, and rigorous controls. ' 

This high speed logic family represents an advanced 3.5 micron, single metal, polysilicon gate, oxide-isolated CMOS process. 
This process makes use of advanced technologies, including extensive use of ion implantations to tightly control substrate 
profiles. 

National's HC processing permits the fabrication of MOS transistors with threshold voltages on the order of one-half that of the 
more conventional metal gate process. Coupled with thinner gate oxides and self-aligning gates, these lower threshold voltages 
allow higher speed circuit operation with lower supply voltages. In addition, the threshold voltage distribution from run to run is 
much tighter, so that long term uniformity of device characteristics is assured. 

Figure 1 represents the cross section of the HC process employed at National. 

HeMOS INVERTER 

FIGURE 1. HCMOS Cross Section 
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ACCELERATED LIFE TEST 

Accelerated life testing at elevated temperatures is a principal method of simulating long-term operation within a short period of 
time. This method is particularly useful because it provides a means of accelerating time-to-failure of temperature sensitive 
failure mechanisms. As a result, data is gathered for failure rate predictions at any operating field ambient. 

The following tests have been conducted at an ambient temperature of 125"C with devices biased at a maximum voltage of 5.5 
volts. Complete functional and parametriq testing to data sheet specifications is performed at reported data pOints . 

HIGH TEMPERATURE BIAS RELIABILITY TEST RESULTS 
12S"C OPERATION AT 5_5 VOLTS 

CERDIP, GLASS SEALED HERMETIC DIP, J 

Device '- Rei lot /I SS 

MM54HC04J RBC71305 51 
MM54HC04J RBC72012 360 
MM54HC139J RBC72177 200 
MM54HC164J RBC72178 192 
MM54HCOOJ RBC72196 256 
MM54HC390J RBC72223 189 
MM54HC393J RBC72224 127 
MM54HC04J RBC72346 324 
MM54HC174J RBC72348 255 

Actual Failure Rate ='2/1,757,664 device-hours 

=0.11% per 1000 hrs. at 125"C. 

Notes: (1) Parametric Failure 

(2) Gate Oxide Rupture 

M DIP EPOXY MOLDED, N 

Device Rei lot /I 

MM54HC04N 72011 
MM54HC04N 72064 
MM54HC04N 72065 
MM54HCOON 72084 
MM54HC164N 72142 
MM54HC688N 72320 
MM54HC393N 72339 
MM54HC390N 72347 
MM54HC349N 72349 

Actual Failure Rate = 1/1,900,000 device-hours 

SS 

358 
384 
384 
120 
256 
122 
104 
64 
108 

= 0.05% per 1000 hrs. at 125"C. 

Notes: (1) Parametric Failure 

168 Hours 500 Hours 

1(1) 0 
1 (2) 0 

0 0 
0 o· 
0 0 
0 0 
0 0 
0 0 
0 0 

168 Hours 500 Hours 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

1 (1) 0 
0 0 
0 0 

1000 Hours 

0 
0 

Stopped 
Stopped 

I 0 
0 
0 
0 
0 

1000 Hours 

0 
0 
0 
0 
0 
0 
0 
0 
0 

Quiescent current leakages were measured on molded pieces of two lots subjected to both HTOpL and T&H. Measurements 
were conducted before and after testing. Results are listed in Table I. ' 
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Test Leg 

HTOpL A 
B 
C 
D 

T&H A 
B 
C 
D 

HTOpL A 
B 
C 

T&H A 
B 
C 

TABLE I 
Average Icc Shifts for Lots 

MM54HC04A RBC72064 and RBC72065 
(Units In Nanoamps) 

Average At 
SS o Hours 

48 4 
48 21 
48 0 
48 0 

48 2 
48 17 
48 16 
48 18 

48 0 
48 0 
48 0 

48 0 
48 0 
48 0 

Average At 
1000 Hours 

3 
25 
2 
0 

19 
12 
14 
18 

0 
0 
0 

0 
0 
0 

Threshold voltage measurements were also read before and after on one lot of cerdip and two lots of molded DIPs. Results are 
listed in Table II. 

Lot Leg 

72012,J A 
B 
C 
D 

'72064,N A 
B 
C 
D 

72065,N A 
B 
C 
D 

TABLE II 
VT Shifts After 1000 Hours Burn-In 

(Units In Volts) 

Pre 

Avg. Avg. 
SS VTN VTP 

48 .387 .579 
48 .347 .570 
48 .394 .570 
48 .350 .567 

48 .470 .580 
48 .530 .580 
48 .400 .527 
48 .471 .519 

48 .428 .580 
48 .453 .579 
48 .380 .529 
48 .402 .526 
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Post 

Avg. Avg. 

VTN VTP 

.390 .580 

.402 .580 

.440 .580 

.336 .580 

.472 .570 

.499 .571 

.467 .570 

.518 .575 

.423 .572 

.448 .570 
.412 .570 
.453 .572 
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RESULTS 

HC high temperature bias failure rates are calculated and derated at 8S'C and 4S'C operating environments for molded dual-in­
line packages. The Arrhenius relationship is employed to compute the equivalent derated failure rate using an activation energy 
of loOeV. An average confidence limit of 60% is reported for these derated figures as seen in Table III. 

Device Lots Qty 

Various 9 1,900 

Table III 
High Temperature Operating Ufe Test 

T A = 12S'C, Vee = S.SV Static 
60% Confidence Level 

Dev. # Fall X@ 

Hours 12S'C 

1,900,000 1 0.1032 

x = Failure Rate; %/1000 Hours at Temperature. 

X@ X@ 

8S'C 4S'C 

0.0039 6.7100xl0-5 

(This data can be further extrapolated to lower temperatures using a 1.0eV activation energy as illustrated in the failure rate 
versus temperature plot of Figure 2.) 

u.i = = 
co co co 
..... 
~ e-

~ 
~ c = 
~ = :) ...... 
c .... 

1000/OK 
2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 

0.1 re-"T"""--r--.---r--r......,r--...--"T"""--r--.---r~......,r--'1 

0.01 

0.001 

0.0001 

0.00001 ....... __ """-__ -'-_...-l ....... ___ ...... _ ...... 

125 85 50 25 o 
TEMPERATURE (DC) 

FIGURE 2. Failure Rate vs Temperature 
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TEMPERATURE HUMIDITY BIAS TEST (THB) 

The steady state humidity test at 85'C and 85% relative humidity is the most common temperature/humidity test in use today. 
This is an accelerated test; that is, it involves stress levels considerably in excess of the field-use levels encountered by a 
device. The test is intended to trigger moisture-related failure mechanisms occurring over a period of months or years in the 
field. Results are seen below. 

Device Rei Lot # SS 

MM54HC04N RBC72011 340 
MM54HC04N RBC72064 192 
MM54HC04N RBC72065 192 
MM54HCOON RBC72084 96 
MM54HC393N RBC72339 95 
MM54HC04N RBC73025 225 
MM54HC390N RBC72347 . 48 

Cumulative Percent Failures at 1000 Hrs. = 6/1188 = 0.51% 

Note: 1. Parametric Failures 

2. Continuity Failures 

3. Functional Failure 

BIASED PRESSURE POT TEST 

168 Hours' 500 Hours 1000 Hours 

0 0 0 
0 0 0 

1 (1) 0 1 (1) 
0 1(1) 0 

2 (1, 2) 0 1 (3) 
0 0 0 
0 0 0 

Another commonly used test is the "pressure cooker" test. This test is usually performed with devices in an operating mode 
while being exposed to saturated steam (100% RH). The most common condition is 115'C. At saturation, this temperature 
corresponds to a water vapor pressure of 1489mm Hg (28.8 psia). Due to its severity, this test is destructive to virtually all plastic 
packages. It creates failure mechanisms which would never be triggered at temperature and humidity extremes found in even 
the most severe application. For this reason, the test is limited to a relative few number of hours, and results are interpreted on a 
purely qualitative, comparative basis. 

Device 

MM54HC04N 
MM54HC04N 
MM54HCOON 
MM54HC04N 
MM54HC174N 

IMPROVED INPUT PROTECTION 

Biased Pressure Pot Test Results 
TA=115'C, Vee = 5.5V 

Rei Lot # SS 

RBC72064 75 
RBC72065 75 
RBC72084 75 
RBC73025 148 
RBC73024 54 

96 Hours 192 Hours 

0 0 
0 0 
0 0 
0 0 
0 1 

The Single most prevalent cause of "infant mortality" field failures in CMOS microcircuits is generally gate oxide damage. This 
can result from any transient voltage condition, such as electrostatic discharge (ESD), inductive spikes, etc. An improved input 
protection circuitry which takes full advantage of the HC silicon gate process has been carefully designed to reduce the 
susceptibility of these HC circuits to oxide ruptures due to large static voltages. 

In conjunction with the input protection, the output parasitic diodes also protect the circuit from large static voltages occurring 
between any input, output, or supply pin. 
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Figure 3 shows a schematic of the input protection network employed. The network consists of three elements: a polysilicon 
resistor, a diode connected to Vee, and a distributed diode resistor connected to ground. This HC process utilizes the polyresis­
tor to more effectively isolate the input diodes than the diode resistor used in metal gate CMOS. This resistor will slow down 
incoming transients and also helps to dissipate some of the energy. Connected to the resistor are the two diodes which clamp 
the input spike and prevent large voltages from appearing across the transistor. These diodes are larger tha'l those used in 
metal gate CMOS, to enable greater current shunting and make them less susceptible to damage. The input network is ringed by 
Vee and ground diffusions, which prevent the substrate currents caused by these transients from affecting other circuitry . 

The parasitic output diodes that isolate the output transistor drains from the substrate are also important in preventing damage. 
They clamp large voltages that appear across the output pins. These diodes are also ringed by Vee and ground diffusions to 
again shunt substrate currents, thus preventing damage to other parts of the circuit. 

POLYSILICON 
RESISTOR 

DIODE 

INPUT-...JtV'\I\r-.... -'\j"".,~ 

DIFFUSED DIODE 
RESISTOR 

Vee 

--
FIGURE 3. InpufProtection Network 

HIGH SPEED LOGIC INPUT PROTECTION ZAP TEST 

OUTPUT 
DIODES 

Input gates of twenty MM54HCOO were subjected to a high voltage (VZAP) burst in order to test input protection circuits. The 
inputs under test were subjected to a voltage pulse from a 100 pF source charged to 1000V and 2000V respectively, according 
to the test circuit shown in Figure 4. 

POWER 
SUPPLY 

RI 

R1 = current limiting resistor; R2 = 1.Sk 

Tli DEVICE 
UNDER TEST 

FIGURE 4. High Speed Logic Input Protection VZAP Test 
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Each input under test was subjected to a sequential VZAP accordingly: 

Positive Negative 

(1) Voo 
(2) Input 
(3) Input 
(4) Vss 
(5) Output 
(6) Input 

VZAP six times (6X) for each conditicln. 

ZAP results appear in Table iV. 

TABLE IV 
VZAP Test Results 

Parameter Condition 1 

Voltage 1000V 
Capacitance 100 pF 

Energy Discharged 50",J 
Result 0/20· 

input 
Voo 
Vss 
Input 
Input 

Output 

Condition 2 

2000V 
100pF 
200JJ.J 
0/20· 

·Input leakages equal to or less than 4 nA. 

HIGH SPEED LOGIC HTOPL BUY-OFF . 

In addition to ongoing long-term reliability studies and audits, National does an initial 168 hours high temperature bias design 
buy-off on every single HC product type before it is released into production. The primary reason behind this program is to 
assure the capture of any design-related reliability problem which might pass through all electrical tests. Accelerated conditions 
are the same as previously mentioned, i.e., TA=125°C, Vee = 5.5 volts, burn-in time is 168 hours. 

Device SS Results at 168 Hours 

MM74HCOON 45 0 
MM74HC02N 50 0 
MM74HC04N 50 0 
MM74HCU04N 50 0 
MM74HC08N -'19 0 
MM74HC10J 50 0 
MM74HCllJ 50 0 
MM74HC14N 48 0 
MM74HC73J 50 0 
MM74HC76J 50 0 
MM74HC86J 50 0 
MM74HC107J 50 0 
MM74HCl12J 40 0 
MM74HC113J 50 0 
MM74HC139N 45 0 
MM74HC147N 50 0 
MM74HC151N 50 0 
MM74HG.160J 50 0 
MM74HC161J 50 0 
MM74HC164N 45 0 
MM74HC174N 45 0 
MM74HC192N 50 0 
MM74HC193N 49 0 
MM74HC242N 50 0 
MM74HC251J 50 0 
MM74HC253N 50 0 
MM74HC259N 50 0 
MM74HC266J 50 0 
MM74HC390N 49 0 
MM74HC393N 50 0 
MM74HC688N 50 0 

8·45 

~ cr o 
~ 

C) 
I» -CD 

::0 
!!!. 
Ai' 
g; 
;:;: 
'< 
::0 
CD 

-C 
o ... -



ItRELIABILITY REPORT .. r------------------------------------------------------------------------------------------, ... o 
,0. 
Q) 
a: 
>-
:5 :s 
.~ 

~ 
Q) .. 
as 

C!J 
c o 
~ en 

HANDLING AND TEST GUIDE 

Introduction 
All CMOS low threshold devices are susceptible to damage by the electrostatic discharge (ESD) of energy through the devices: 
Although all CMOS devices have input protection networks which are effective in a large number of device·handling situations, 
they are not effective in 100% of the cases (please refer to specific devices in National's CMOS Databook). 

In order to be totally safe, proper handling procedures must be uSed to eliminate damage and subsequent yield loss caused by 
static electrical charges. It is the purpose of this application guide to outline proper handling procedures for CMO~ devices. 

General Handling Procedures 
1. The leads of CMOS devices must be in contact with conductive material to avoid build·up of static charge. Containers used for 

transporting or storing CMOS components should be made of such material or lined with antistatic protection. Rails for 
handling and shipping MOS devices must be made of electrically conductive material or be made static-free by an appropriate 
surface coating. In no case will CMOS devices be inserted into polystyrene foam or other high dielectric materials. Any surface 
coating which is not at ground potential must not come in direct contact with device pins. 

2. Devices must be packed in conductive containers, rails or envelopes for storing. In addition, devices must be kept at ground 
potential and should never come in contact with nonconductive plastics. 

3. All electrical equipment must be hard-wired to ground. Soldering iron tips, metal parts of fixtures and tools, and aU handling 
systems must be grounded. \ 

Cleaning 
1. Devices should be cleaned by a solvent which will assure complete removal of foreign matter, flux, residual matter, etc., from 

the exterior of the package. 

2. A static neutralizing ion blower should be used when manually cleaning devices or subassemblies with brushes. 

3. All automatic cleaning should be grounded. 

4. All cleaning baskets should be grounded. 

Assembly 
1. Subassembly modules and printed circuit boards should be manufactured and handled using the same procedures as those 

described above for individual CMOS devices. ' 

2. CMOS parts should be the last to be inserted into printed circuit boards or systems so as to avoid overhandling. 

3. Circuit boards containing CMOS devices which are being transported between work stations and test areas should be 
contained in antistatic material or have all board terminals shorted together using a conductive shorting bar. Only handling 
trays of conductive material should be used. 

4. All automatic insertion equipment, solder machines, metallic parts of conveyor systems, and soldering irons should be 
grounded. ' 
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Note: These precautions should be taken until the subassembly is inserted into the complete system in which the proper 
voltages are applied. Subassemblies should never be constructed, fixtured, stored, or transported in polystyrene or any other 
high dielectric materials. 

General Operating Procedures 

The National CMOS product line is comprised of many different device types for a variety of applications. The following 
operating procedures apply in a general sense to all CMOS devices, but reference to device specification sheets is still 
necessary to assure correct operating values. . 

A. Before making any physical connections or applying any external signal sources, be sure that all power supplies are off. Be 
sure, also, to observe proper static ground conditions. 

B. Power supplies should be turned up slowly to the necessary voltages so as to avoid rapid supply changes. 

C. After power supplies have been turned on, apply external input signals. 

Note: Failure to perform the power-on procedure in this order can result in damage to CMOS Circuitry. 

D. To power down, remove input signals, then turn power supplies off slowly. 

E. If CMOS devices are operated at an elevated environmental temperature, allow devices to reach room temperature before 
they are powered down. 

F. Do not leave' inputs to any CMOS device unused. For NAND gates, the unused inputs should be tied to Voo; unused inputs to 
NOR gates should be tied to ground. 

Testing 

1. Use grounded metallic fixtures where possible. Any surface that is not at ground potential should not come into direct contact 
with device pins. 

2. Use a static-neutralizing ion air blower when running automatic handlers. Use conductive handling trays when transferring 
devices. 

3. Do not insert devices or boards with power turned on. 

4. Ensure that AC signals do not cause excessive current leakage. 

Electrical Failure Modes Caused by Improper Handling 

If proper handling techniques are not followed, the generation of static electrical discharges may damage the CMOS devices, 
resulting in inoperable or degraded parts. Typical failure modes are: 

a. Shorted or open gates 

b. Shorted input protection diodes 

c. Open metal paths in the device input circuitry 

d. Degraded device characteristics 

The presence of these failure modes can be detected, easily using a transistor curve tracer. 
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FOREWORD 
This report describes reliability data for National's integrated metal gate 54C/74C and CD4000 CMOS logic families in 
Epoxy B molding compound. National's approach to achieving the highest reliability is presented through a discussion 
of design; device fabrication and the Epoxy B package processing flow. A detailed description of environmental tests in· 
cludes Accelerated Life Test, Analysis of Failure Mechanisms, Arrhenius Modeling, High Temperature Bias with Tem· 
perature and Humidity Acceleration, Biased Pressure Pot and Electrostatic Sensitivity (ESD). Results for all of these 
tests, as well as a compa(ison of National's products to competitive products in these tests is presented in a compre· 
hensive manner. Tips on general handling procedures are also provided to help the user maintain the integrity of the 
product during the manufacturing cycle. 
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I. A NEW ERA IN CMOS LOGIC MDIP RELIABILITY 

National Semiconductor's task force of key design, process, product, test, and reliability personnel has constantly 
investigated every step in the production of CMOS-with one primary objective: improved quality and reliability. Every 
step-design, input protection, wafer fabrication passivation, molded assembly, and electrical testing was researched. 
Each area was evaluated, fine tuned, and re·evaluated until the final product was put on life test and shown to be the 
most reliable CMOS in the industry. For the first time, the data gathered shows that this improved CMOS product com· 
pares favorably with bipolar logic reliability. The following is a summary of the improvements, as well as the results. 

A. Design, Excluding Input Protection 
National is not content with simply providing the best molded package in the industry. The gate structure of our CMOS ICs 
has been redesigned to provide insurance against mobile ionic contaminant (principally sodium) penetration into the gate 
oxide. This achievement alone provides an order of magnitude improvement to the reliability of our CMOS circuits. 

B. Input Protection 

The single most prevalent cause of "infant mortality" field failures in CMOS microcircuits is gate oxide damage. This can 
result from any transient voltage condition, i.e., electrostatic discharge (ESD), electrical noise, inductive spikes, etc. Just 
how easily the devices can be destroyed is a function of the pin·to-pin impedance of the device and the thickness of the in· 
sulating oxide layers exposed to the electrostatic charge. The CMOS gate structure is more susceptible than bipolar struc· 
tures because it presents very high impedance and very thin (easily ruptured) oxide to the electrostatic charge. 

Protection against damage is provided by National's input protection circuitry, which limits the voltage impressed on 
the gate oxide. Just how effective this circuitry is depends on several design variables. National has optimized this pro­
tective circuitry through closely controlled doping levels, exact junction depths and other process controls, which lead 
to extremely consistent zener action of the circuitry. In addition, the layout of the input protection network (Figure 1) 
provides symmetrical protection against both positive and negative-going voltage spikes. Thus, the chance for failure 
caused by gate oxide rupture is drastically reduced. 

This new generation CMOS is protected from voltage transients 3 to 4 times higher than its predecessor. Translated to 
field performance, this means an absolute minimum of "infant mortality" failures in the operation of CMOS devices in 
their end-use environment. 

.-----.... ------.... -VDD 

INPUT--1_....I\N_-..... -~~ ..... --
FIGURE 1. National's Improved Protection Network 

C. Improved Die Passivation 

As in any molded package system, there is a small probability that moisture will penetrate into the interior of the 
package via the molding compound-to-frame interface and, to a lesser degree, via diffusion through the bulk of the 
molded package. Since metal gate CMOS devices are subject to an 18V potential and have very low power dissipation, it 
is possible for moisture to be absorbed on the surface of the die. In addition, moisture usually contains impurities from 
various sources: 

a. flux residues from tin dipping operation 

b. ions leached from the molding compound 

c. phosphorous penta-oxide present in the phospho-silicate glass passivation, which, combined with moisture, will 
produce phosphoric acid, an etch ant of aluminum according to the following reactions: 

2P20 5 + 6H 20 -4H 3P04 

A + H3P0 4 -A P0 4 + 312 H2 t 
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Through its continuing effort to improve reliability performance, National recently developed and introduced an im­
proved CMOS Logic passivation technology (Figure 2). This truly unique and proprietary passivation scheme has led to 
a virtually defect-free passivation which consistently meets and exceeds National's passivation defect criteria for 
pinholes, cracks and voids-the toughest standard in the industry. In addition, this improved passivation scheme offers 
the ability to absorb liquid contaminants onto its surface, thus preventing or inhibiting the final pel')etration into the 
interior of the active integrated circuit area . 

TL/F/6017·2 

FIGURE 2_ National's CMOS Logic Passivation Scheme 

The major advantages of this improved'passivation scheme are as follows: 

1. Exceedingly hi,gh purity passivation composition 
2. Defect densities less than 0.01 per 1000 mils2 

3. Wafer fabrication process which easily covers irregular contours and other common defects 
4. Inhibits moisture penetration to the surface of the die 
5. Highly resistant to heat 
6. Its thick resilient layer provides superior mechanical integrity and prevents passivation pinholes, cracks, and voids 

commonly associated with wafer fabrication, assembly and molding mechanical stresses. 

D. Assembly 
In its never-ending quest for improved reliability, National has also focused its attention to the molded assembly tech­
nology and made major improvements in this area. A close in'spection of our improved m_olded package (Figure 3) will 
reveal: 

a. A die attach whose temperatures are well below those associated with gold-silicon eutectic conditions. 
b. Frame has an increased surface area which improves frame-to-epoxy adhesion, thus minimizing the chance of 

moisture penetration. . 
c. Frames are perforated to allow epoxy to pass through the frame fingers during the molding operation, thus forming a 

"locking" mechanism. This will prevent frame finger movement during the trim and form operation .. 
d. Gold wire bonding temperatures havelbeen drastically reduced by using thermosonic bonding ratherthan commonly 

used thermocompression bonding. 

All of the aforementioned improvements have been combined and the result is superior reliability performance for 
National molded CMOS Logic products. 

IMPROVED PASSIVATION 

FIGURE 3. Improved Molded Package Construction 
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II. DEVICE FABRICATION 
CMOS wafer fabrication is designed to produce reliable, high·performance devices which require minimum handling 
restrictions. At National Semiconductor, these objectives are achieved through the use of advanced materials, process 
innovations, and rigorous process controls. 

The substrate material used in the CMOS process is [1·0·0] orientation N-type silicon rather than the commonly selected 
[1.1-1] orientation type. Coupled with controlled processing, this substrate permits the fabrication of MOS transistors 
with threshold voltages up to half as low as that produced on [1·1-1] orientation silicon. Lower threshold voltages allow 
higher·speed circuit operation with lower supply voltages. In addition, the threshold voltage distribution from run to run 

_ is much tighter so that long term uniformity of device characteristics is assured. 

The stability of CMOS characteristics depends directly on the level of contamination in the gate oxide. National's pro· 
prietary oxidation procedure and cleaning methods are capable of producing ultra·clean oxides. In order to ensure low 
levels of oxide contamination in production, all production oxidation and evaporation systems are monitored on a 
regular basis using the capacitance voltage method. A MOS capacitor is fabricated and drifted under + 15V bias at 
300'C for two minutes. The shift in the C·V plot is a measure of the ionic contam·ination in the oxide under evaluation. 
This method is also used for investigations of process changes and innovations. These measurements assure rapid de. 
tection and correction of production process difficulties before contaminated material can leave the wafer processing 
area. 

An additional check on stability is performed on completed wafers. Fields of ± 2 x 106V/cm are applied to C-V test dots 
(patterned onto the device die) while the wafer is heated to 300'C for two minutes, then cooled to room temperature. The 
C-V shift is measured before and after heating for both bias conditions. The maximum permissible shift in threshold 
voltage is OAV with typical shifts running less than 0.15V. 

Moreover, National's CMOS devices have a double-input diode protection network designed to prevent catastrophic 
failures caused by positive or negative-going voltage transients. This effective input protection network, coupled with 
excellent oxide integrity, reduces the handling restrictions required on CMOS devices. A detailecl guide to the handling 
requirements of CMOS parts is given in the last section of this report. 

Figur(Js 4 through 16 offer a pictorial representation of National's CMOS device fabrication. (Please note that the draw­
ings are not to scale.) 

SiD, 

TLlFI6017-4 

FIGURE 4. Initial OXidation, Thermally Grown Silicon Dioxide Layer on Silicon Substrate Surface 

SiD, 

TL/F16011·5 

FIGURE 5. P-Mask and Formation of P-Well Tub in which N-Channel Devices wit.1 be Located 

SiD, 

TLlFlb01Hi 

FIGURE 6. P-Well OXidation, Thermally Grown Silicon Dioxide Layer-over P-Well Area 
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Tl/F/601H 

FIGURE 7. P + Mask and Formation of Low Resistance P + Type Pockets in P-Well and N·Substrate 

p+ 

TlIF/6017·8 

FIGURE 8. P + Oxidation, Thermally Grown Silicon Dioxide Layer over P + type Pockets 

TUF/6017·9 

FIGURE 9. N + Mask and Formation of L-ow Resistance N + Type Pockets in P·Well and N·Substrate 

TlIF/6017·10 

FIGURE 10. N + Oxidation, Thermally Grown Silicon Dioxide Layer over N + Type Pockets 

TlIFI6017·11 

FIGURE 11. Composite Mask and Openings tb Nand P·Channel Devices 
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TLlFI6017·12 

FIGURE 12. Gate Oxidation, Thermally Grown Silicon Dioxide Layer over Nand P·Channel Devices 

FIGURE 13. Contact Mask and Openings to Nand P·Channel Devices 

TLlF/601?14 ' 

FIGURE 14. Metallization, Metal Mask, Resulting in Gate Metal and Metal Interconnects 

TLlFI6017·15 

FIGURE 15. Passivation Va pox, Deposited Silicon Dioxide over Entire Die Surface 
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TliF/6017·17 

FIGURE 16_ Basic CMOS Inverter Circuit 

111_ MOLDED PACKAGE PROCESSiNG FLOW CHART 

1. Sorted Wafers are Received , 
All dice on wafers have been 100% electronically tested. Electrical rejects are marked with an ink spot. 

2_ 100% Diamond Saw-Through, Plunge-Up Die Attach 
Inked dice are removed. 

3_ Optical Die Sort 
100% optical microscope inspection at 100 x to remove potentially unreliable dice. 

4. Quality Control Surveillance-First Check . 
Verification that the optical die sort was performed according to written specificatio~s. 

5. Ole Attach 
Attachment of die to lead frame with a polymer. 

6_ Quality Control Surveillance, 
Verification that the die attach operation Was performed according to written specifications. 

J GoldWIre I 
7_ Lead Bond 

Thermosonic ball-bonding of gold wire to die and lead frame .. 
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8. Quality Control Surveillance 

Several times eac~ shift, samples are checked from each bonding machine and from each operator's work. 
9. Quality Assurance Lead Bond Pull Test 

Samples by lot from each operator are checked a minimum of twice per shift. All bonds are pulled to destruction. 
The force required to break the bond, and the location of the break, are recorded for process·control purposes. 

10. Pre·Mold Optical Sort 
100% optica,l microscope inspection at 30 x for assembly defects. Devices are inspected for wafer processing 
anomalies, assembly work damage, completeness, and accuracy of assembly. 

11. Quality Control Surveillance 
Samples of each optical sorter's work are inspected to criteria which meet or exceed the applicable requirements of 
MIL-STD-883B, Method 2010. 

Molding I 
Compound 

12. Mold and Cure 
Thermosetting plastic is transfer molded around the completed assembly. The plastic is then cured to insure 
mechanical and chemical stability. 

13. Trim and Form Leads 
Frame supports are removed and leads formed to desired configuration. 

14. Quality Control Surveillance • 
Visual and mechanical quality are continuously monitored. 

15. Mark Package 
Devices are marked with National's part number, a date code (signifying mold week), and the National logo. 

16. Clip Rails 
Lead-frame rails are removed, leaving finished devices ready for test. 

17. Electrical Test I 

100% electrical test on all data sheet parameters. 
18. Quality Assurance Acceptance 

Each lot of finished devices is sample inspected and tested by quality assurance inspectors for compliance with 
specifications. 

19. Pack and Ship 
Each shipment is inspected by quality assurance to be sure that the right devices are going in the right quantity to 
the right customer. 

IV. ENVIRONMENTAL AND LIFE TEST DATA OF CD4XXXC AND MM74CXXN 

Accelerated Life Test 
Testing at elevated temperatures is the principal method used to simulate long-term operation within a short period of 
time. This method is particularly useful because it provides a means of accelerating time-to·failure of temperature sen­
sitive failure mechanisms. As a result, data are gathered for failure rate predictions at any operating field ambient. 

I 
Like all system hardware-mechanical, electrical, and electronic-the reliability of CMOS logic conforms to the well 
known "bathtub" curve, a plot failure rate versus time. As shown in Figure 17, the four concepts associated with this 
curve are infant mortality rate, useful life failure rate, useful life, and wearout failure rate. 

6 
w 
t: = w = 
':3 
ii: 

EARLY USEFUL WEAROUT 
... LIFE +1- LIFE -I-TIME­
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)
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10 11 
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FIGURE 17. Reliability Life Curve 
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Infant Mortality: These are the devices that fail in the early life of the product, the period to tol1. Since the failure rate is 
decreasing rapidly during this period,and the period is short (dependent upon temperature), the infant mortality is ex-
pressed as the percentage of devices that fail from to to t1. The infant mortality portion of the curve is shaded because 
infant mortality is strongly influenced by numerous handling variables such as system-induced voltage transients, 
temperature, environment, mechanical stresses, etc., and therefore varies widely. 

Useful Life Failure Rate: The percentage of devices that fail per-unit-time duiing the flat portion of the curve (t1 tot2), ex-
tending from the end of infant mortality to the onset of wearout. Usually expressed as percent per 1000 hours 
(sometimes per million hours or FITS), this statistic can also be stated as mean time between failure (MTBF), which is 
simply the reciprocal of the failure rate. 

Useful Life: This is the period extending from the end of infant mortality to the onset of wearout, t1 to t2, at which point 
the failure rate begins to increase again. The useful life is usually expressed in hours. Although there is insufficient data 
to define a true useful life in most cases, the minimum life of a device usually suffices to assure adequate design 
margins. The useful life may be as short as several months but usually extends for decades if adequate design margins 
are applied. Temperature plays a major role in triggering the onset of wearout mechanisms; but other stresses, such as 
pressure, mechanical stress, thermal cycling and electrical loads, also play important roles. 

Failure Mechanisms 
As may be judged from the previous discussion" the failure mechanisms which occur in microcircuits are a function of 
application and device processing. 

As shown in Table I, the main system stress factors contriputing to infant mortality are electrical transients and noise, 
mechanical maltreatment and excessive temperatures. Most infant failures resulting from these causes occur in three 
stress-producing phases: 

1. device burn-in, 
2. card assembly and handling, 

3. initial system test and operation. 

Although device burn-in can serve as an indicator of infant mortality, the carefully controlled burn-in tests seldom 
resemble the broad range of conditions (especially electrical noise) encountered in actual use. Field reliability data is 
therefore taken as the best source of infant mortality. This data is readily available and accurate. 

TABLE I. Some Common Infant Mortality Failure Mechanisms 

Failure Mechanism Defect Stress Factors 

Oxide ruptures Thin or defective oxide (masking and oxidation) • System electrical noise 
• System power interruptions - • Inductive loading 

Open wire bonds Assembly defects • Ultrasonic exposure during 
card assembly 

• Excessive temperature 

Lifted die bonds Assembly defects • Excessive temperature 

Fused Die Metallization Shorts Inadequate spacing between adjacent stripes • System electrical noise 
• System power interruptions 

Metallization opens Inadequate stripe width and/or thickness • Inductive loading 
(mask;'ng and evaporation) 

Corrosion of wire bonds and/or Seal leaks (defective encapsulation) • Handling damage 
die metallization • Excessive solder heat 

during card assembly 
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Table II lists the activation energies for some common long·term failure mechanisms. All are essentially wearout 
mechanisms that have been discussed at length in the literature. The dramatic acceleration effect of temperature on 
these failure mechanisms is illustrated in Figure 18, which shows failure rate versus junction temperature for various 
activation energies. For instance, a mechanism with 0.99 eV activation energy is accelerated 800 times when junction 
temperature is increased from 50'C to 125·C. This means that a 1,000 hour life test at 125'C is equivalent to 800,000 
hours operation at 50·C.lf an increase in failure rate (onset of wearout) was not observed during the test, the 1,000 hour 
test would substantiate a minimum useful life greater than 90 years. 

TABLE II. Common Wearout Failure Mechanisms ;:; 1,000,000 

~ 100,000 II IIII wi~r.~ 71(. Failure Mechanism Activation Energy ... W J.IIII .ECHAN'SM Electromigration in aluminum 1.2 eV ! 10,000 0.7.V ~ 
conductors (glassed, large ~TD ~~sUNEAR r-~ " grain) ~ -., 1,000 DEVICES V ~ Intermetallic growth in goldl 0.99-1.04 eV i!:. " w 100 
aluminum bond systems ~ i-"" ~ .. v 
Wire arid wire bond failures a fatigue mechanism w 10 

, 
7rTFOR-"" 

during thermal cycling :3 BIPOLAR 

if 1 LOGIC 

'Slow trapping-charge 1.0-1.3 eV 30 50 70 90 120 160 200 
injection JUNCTION TEMPERATURE ('C) 
Charge accumulation- 1.0-1.35 eV TUF/6017·19 

mobile ions 
FIGURE 1B. Failure Rate as a Function 
of Junction Temperature 

Thermal Resistance-Its Impact on Microcircuit Reliability 
Nearly all microcircuit failure mechanisms are accelerated by temperature, but the impact temperature has on ac· 
celerating a system failure is a direct function of the failure's thermal activation energy. Thus, the measure'ot the effi· 
ciency of the packaging·die system in removing heat from the active region is important in estimating how reliably that 
circuit will perform. The unit of measure to be used in estimating the active junction temperature of a microcircuit is its 
thermal resistance (0 JA)' 

An exact measurement of the thermal resistance of microprocessors is not possible to obtain for most chips. Therefore, 
special test packages are commonly monitored to calculate typical package resistance values for reliability models. 
Acknowledging that the actual circuit thermal resistance is a function of many factors, it is nevertheless possible to 
presume certain general facts about thermal resistance and then apply them to our microcircuits. These facts are sum, 
marized in Figure 19 for 14·lead packages. 

In using the data in the tables, it is necessary to apply the equation: 

TJ";POXOJA+TA 

where TJ is the circuit temperature at the active junction region and Po is the average power consumed during circuit 
operation in the active junction region. OJA is the thermal resistance from the active junction region to the environ· 
ment of the device's use system. At National Semiconductor, thermal resistance testing is done in still air, with either 
socket mount or a printed circuit board mounting. A generalized curve showing the effects of increasing air flow 
across the package is shown in Figure 20. 
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FIGURE 19. Typical Thermal FIGURE 20. Graph Showing Typical Proportionate 
Impedance (OJ'u as a Function of Decrease in Package Thermal Resistance as a Function 
Die Size of Chamber or System Air Flow 
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The Arrhenius Model 
The time and temperature dependence' of virtually all long-term semiconductor failure mechanisms is a well estab­
lished fact. The occurrence of this failure dependency can be represented by the Arrhenius Model. This model includes 
the effect of temperature and activation energy of the failure mechanism, permitting it to be used to characterize failure 
modes and predict reliability at normal operating temperatures based on tests performed at above-normal device junc­

. tion temperatures_ 

Originally developed in the 1880's to describe chemical reaction rates, the Arrhenius Model was adapted to accelerated 
life testing after researchers theorized that chemical processes were the primary cause of degradation of electronic 
parts_ And, since temperature was comf'l1only used in electronics accelerated testing, the Arrhenius Model was applied 
and found to fit the data. The model was subsequently a validated design tool and a useful adjunct to the state-of-the-art 
of accelerated life testing technology_ 

As applied to accelerated life testing of semiconductors, the Arrhenius Model assumes the following formula for.defin­
ing the lifetime or MTBF at a given temperature stress level when the MTBF at a second temperature stress level is 
known_ (See Equation 1.) 

Equation 1: 

Ea [1 1 ] t1 =t2exPK fl- 1'2 

where: t1 = MTBF at junction temperature T1 
t 2 = MTBF at junction temperature T2 
T = Junction temperature in oK 
Ea = Thermal activation energy in electron volts (eV) 
K = Boltzman's constant (8.617 X 10-5 eV/oK) 

Acceleration Factor F 
. The acceleration factor F is the factor by which the failure rate can be acclerated by increased temperature. This factor 

can be readily derived by expressing the failure rate as the reciprocal of MTBF, then reducing the Arrhenius equation to 
the following form: 

Equation 2: 

hl = F =exp~ [.!. - .!.] 
A2 K T2 T1 

where: f = Acceleration factor 
>.. 1 = Failure rate at junction temperature T1 
>"2 = Failure rate at junction temperature T2 

Junction Temperature 
In calculating the field reliability of a semiconductor device, it is first necessary to calculate the junction temperature 
both for the reliability test and for actual field operating conditions. In general, the junction temperature will depend on 
the ambient temperature, cooling, package type, operating cycle times, supply voltage and current. In these terms, the 
junction temperature, T J, is given as: 

Equation 3: 

TJ = 'i A + (Icc x Vec)(At) (()JA) 

where: TJ = Junction temperature 
T A = Ambient temperature 
lec = Supply current 
Vee = Supply voltage 
At = Air flow factor (0.75) 
() JA = Package thermal resistance 

Activation Energy 

Given the temperature and failure rate for a specific reliability test, the remaining unknown is the activation energy, Ea. 
To derive a simple formula for E, we take the natural log of the failure rate: 

Equation 4: 

Ea [1 1 ] In1-ln2=K fl-1'2 

As the slope of the straight line resulting from Equation 4, the activation energy serves as a convenient means of charac­
terizing the failure mechanisms. If the activation energy is known, or can be estimated, the acceleration factor can be 
determined, allowing field failure rate and useful life to be calculated from the accelerated life tests_ 
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Application of Life Test Data 
The life test data presented can be used to fully establish the reliability characteristics of National's CMOS logic prod· 
ucts. Using the Arrhenius formulas, the acceleration factors can be calculated for any given operating junction temper· 
ature and used to determine failure versus time (the characteristic "bathtub" curve) or long·term failure rate. 

Cumulative Total: 6/3,961 
Total Device Hours: 3,961,000 
Average Failure Rate at 125'C: 0.15%/1000 hours 

A. Acceleration Factor at any Field Temperature 
Example: Calculate failure rate at desired field temperature (Tt) of 45'C. 

From Equation 2, Page 8·60: 

},,1 Ea [1 1 ] ~ =F=exP"K 1'2 - 1'1 
Given: Ea = 0.7 eV 

K = Soltzman's constant (8.614 x 10- 5) 

T = Absolute temperature in 'K (C' + 273) 

Calculating: 

KO Ea/KT CO 

45 
125 

318 
398 

0.7 eV/(8.617 x 10 -5 eV/'K)(318'K) = 25.54552 
0.7 eVI(8.617 x 10 -5 eVI'K)(398'K) = 20.41075 

Substituting: 

Ea KT = 25.54552 - 20.41075 

Ea 
exp KT = 5.13477 

F=170 

Therefore: 

a. The acceleration factor between the temperature 45'C and 125'C with an activation energy of 0.7 eV is 170 times. 
b. The projected failure rate at 45'C is thus: 0.15%11000 hrs. + 170 =0.0009%11000 hrs. 

B. Calculating E. from Experimental or Published Data. 
Example: Calculate Ea used in Steady State Life, Method 1005.3, MIL·STD·883S, 4 Nov. 1980. 

Let t1 = 125'C, t2 = 85'C. 

From Equation 1, Page 8·60: 

t1 =t2 exp~ ['; -~] 
Rearranging: 

[ In t1·- In t2] 
Ea = K 11T1 _ 11T2 

t1 = 2 x 104 hrs. at 125'C 
t2 = 5 X 105 hrs. at 85'C 

Therefore: 

Ea =8.617 X 10-5 eV/'K In 2 x 104 hrs. -In 5 x 105 hrs. 
(0.0025125 'K) - (0.0027933 'K) 

In2x104 =9.90349 . 

In 5 x 105 = 13.12236 

Substituting: 

Ea = 8.617 X 10-5 eV/'K [9.90349 -13.12236] 
-2.808x 10- 4 'K 

= 0.99 eV (or commonly used 1.0 eV) 
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t r-------------------------------------~--~----------------------~--------~~ &. Temperature and Humidity Bias Tests 
CD The THB (temperature·humidity·bias) test is now the standard test for evaluating package and IC integrity. It uses above· 
a: normal stress levels to trigger within hours moisture·related failure mechanisms that would require years in the field . 
• _~ National Semiconductor runs the THB test at 85·C, 85% RH, and with maximum Voo applied. When used with a valid 

life·acceleration model, this "85/85" test provides the following information: 

:s 1. Valid life acceleration factors . 
. ! CD 2. Lifetime in operation or in storage. 
IX: 3. Worst·case field failure rates. 
CD 
-; Temperature and Humidity Acceleration Factors 
CJ Various models have been proposed for the THB tests, but the Peck and Zierdt model appears to be the most useful and 
'ii valid. It provides independent temperature and humidity predictors and appears to be substantiated by work done by 
a; other investigators. This model has therefore been used to derive life acceleration factors fortemperature and humidity. 
::E These are plotted in Figures 21 and 22 with selected factors listed in Figures 23 and 24. In using these curves, all other 

variables must be kept constant, particularly bias voltage and power dissipation, since chip temperature and voltage 
gradient both have a first order effect on electrolysis rate. To allow these curves to be used with various levels of internal 
heating, Figure 25 provides relative humidity correction for changes in chip temperature. 

TABLE III. High Temperature Bias Reliability Test 'Results Continuous Operation at 1SV, 12SoC, 1000 Hours 

Device Rei Lot Number 

MM4612B 
MM4613B 
MM4613B 
MM4611B 
MM74C901 
MM74C373 
MM4625 
MM4612 
MM4627 
MM4629 
MM4601B 
MM74C902 
MM74C924 
MM4681B 
MM4611B 
MM74C04 

. MM74C04 
MM4613B 
MM74C02 
MM74C02 
MM46B1B 
MM4611B 
MM4601B 
MM4601B 
MM4611B 
MM4611B 
MM4611B 
M~4681B 
M 74C04 
MM5613B 
MM74C04N 
MM5601BN 
MM5611BN 
MM5673BN 
MM5681BN 

Notal: Parametric failure 
Nota 2: Gate oxide rupture 

E3046 
21025 
E3051 
E3052 
12102/91179 
91178 
91144 
12101/91143 
12099/91180 
12100/91181 
71314 
11486 
71352 
71347 
71346 
11473 
72034 
72047 
92271 
92272 
72165 
72163 
72161 
72160 
72333 
72334 
72335 
72277 
72278 
72279 
72372 
72373 
72374 
72375 
72376 

Date Code 
Sample 

1000 Hrs. 
Size 

8101 100 0 
8101 100 1 (Note 1) 
8104 100 0 
8105 100 0 
8107 90 0 
8115 100 0 
8121 83 0 
8121 100 0 

. 8124 100 0 
8124 100 0 
8137 90 0 
8143 94 0 
8145 126 0 
8145 231 0 
8145 231 0 
8146 75 0 
8201 240 3 (Note 1) 
8201 292 1 (Note 2) 
8202 BO 0 
8206 80 0 
8220 90 0 
8220 90 0 
8220 90 0 
8220 90 0 
8225 90 0 
8225 90 0 
8225 90 0 
8228 120 0 
8228 150 1 (Note 1) 
8228 99 0 
8250 90 0 
8250 90 0 
8250. 90 0 
825Q 90 0 
8250 90 0 
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TABLE IV. Temperature-Humidity Bias Test Results 
Continuous Operation at 15V, 85·C, 85% ReI. Hum., 1000 Hours 

Device Rei Lot Number Date Code 
Sample 

1000 Hrs. 
Size 

MM4612B E3046 
MM4613B 21025 
MM4613B E3051 
MM4611B E3052 
MM74C901 12102/91179 
MM74C373 91178 
MM4625 91144 
MM4612 12101/91143 
MM4627 12099/91180 
MM4629 12100/91181 
MM4601B 71314 
MM74C902 11486 
MM4611B 71346 
MM4681B 71347 
MM74C04 11473 
MM74C04 72034 
MM4613B 72047 
MM74C02 92271 
MM74C02 92272 
MM4681B 72165 
MM4611B 72163 
MM4601B 72161 
MM4601B 72160' 
MM5681BN 72277 
MM74C04N 72278 
MM5611BN 72333 
MM5611BN 72334 
MM5611BN 72335 
MM74C04N 72372 
MM5601BN 72373 
MM5611BN 72374 
MM5673BN 72375 

Cumulative Total: 13/3,863 
Cumulative Percent Failures at 1000 Hrs: 0.336% 

100 

~ 
:g L .. .... .. 
I:l 
~ 10 

- f--SLOPE =0.54OV I--

/ 

~ 
15-
u.. .. .... 
:IE 

" 1 
90 80 70 60 50 40 3D 20 

TEMPERATURE I'C) 
TL.IF/6017·22 

FIGURE 21. Corrosion Failure Rate vs Junction 
Temperature (Constant Relative Humidity) 
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8101 100 0 
8101 75 2 
8104 87 0 
8105 100 0 
8107 100 0 
8115 100 0 
8121 100 0 
8121 100 0 
8124 100 1 
8124 100 a 
8137 90 2 
8143 94 a 
8145 231 1 
8145 231 a 
8146 75 a 
8201 300 1 
8201 340 2 
8202 80 1 
8206 80 a 
8220 90 a 
8220 90 1 
8220 90 a 
8220 90 a 
8228 120 0 
8228 150 0 
8225 90 0 
8225 90 2 
8225 90 a 
8250 120 0 
8250 120 0 
8250 120 0 
8250 120 0 
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FIGURE 23. Humidity Acceleration Factors 

Relative Humidity (%) Laboratory 
Field Laboratory Acceleration 

65 85 3x 
50 85 lOx 
20 85 700x 
15 85 2,800 x 
12 85 6,000)( 

FIGURE 24. Temperature Acceleration Factors 
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FIGURE 2S. Lines of Constant Percent Relative 
Humidity for Varying Temperature and Absolute 
Humidity 

Worst-case field conditions are encountered in the Gulf Coast states, where the typical mean daytime temperature is 
30·C and the relative humidity is 65%. Using Figures 21 through 24, we can calculate the temperature and humidity ac­
celeration factors. For a non-operating circuit, we can read directly from Figures 22 and 23. The temperature accelera­
tion factor is FT = 25, and the humidity acceleration factor is F H = 4. The life acceleration factor is therefore: 
F = 4 x 25 = 100. Hence, one hour of 85/85 testing is equivalent to 100 hours under worst-case field conditions (non­
operating). Since the chip temperature increases when the device is operating,'the relative humidity is reduced and the 
life acceleration factor is increased, resulting in impro)led reliability when the device is operating. 

Biased Pressure Pot Test 
Another commonly used test is the "pressure cooker" test. This test is usually performed with devices in an operating 
mode while being exposed to saturated steam (100% RH). The most common condition is 115°C. At satyration, this 
temperature corresponds to a water vapor pressure of 1489 mm Hg (28.8 psia). Due to its severity, this test is destructive 
to virtually all plastic packages. It creates failure mechanisms which would never be triggered at temperature and 
humidity extremes found in even the most severe application. For this reason, the test is limited to a relatively few 
number of hours, and results are interpreted on a purely qualitative, comparative basis. 

TABLE V. Bias Pressure Pot Test Results 
Continuous Operation at 15V, TA = 11SoC, Rei. Hum.';' 100%,192 Hours 

Device Rei Lot Number Date Code 
Sample 

192 Hrs. 
Size 

MM4601B RBC72160 8220 ·59 1 
MM4611B RBC72163 8220 60 1 
MM4681B RBC7216S 8220 58 0 
MM4681B RBC72277 8228 120 2 
MM74C04N RBC72372 8;150 180 4 
MM4601B RBC72373 8250 100 1 
MM4611B RBC72374 8250 100 1 
MM4681B RBC72376 8250 100 0 

8-64 



~ RELIABILITY REPORT 
V. ELECTROSTATIC SENSITIVITY OF NATIONAL'S INPUT PROTECTION NETWORK 

Figure 26 shows a schematic of National's improved protection network employed. The network consists of two 
elements; three diodes connected to Vss and two distributed diode resistors connected to Vcc(*). This Vee resistor 
network will slow down incoming voltage transients and will also help dissipate some of the·energy. Both sets of diodes 
will clamp an input spike and prevent large voltages (>35V) from appearing across the transistor. These diodes are 
larger than those used previously in metal gate CMOS to enable greater'current shunting and make them less suscep· 
tible to damage. The input network is ringed by Vee and ground diffusions which prevent substrate currents caused by 
transients from affecting other circuitry. . 

The inherent output diodes (~) that isolate the output transistor drains from the substrate are also important in prevent· 
ing damage. They clamp large voltages that appear across the output pins. These diodes are also ringed by Vee and 
ground diffusions to again shunt substrate currents and prevent damage to other parts of the circuit. 

Vee 

INPUT ~,"""",W'v-.... - .... ----4 OUTPUT 

TLlFI6017·27 

\ 
FIGURE 26. National's Improved Protection Network 

:,'. 

Five different CMOS logic devices were selected for high voltage (VZAP) testing; their logic functions and truth tables are 
shown in Figures 27 through 31. 

TOP VIEW 
TLIFI6017-2S 

TRUTH TABLE 

Inputs Output 

A B C 
0 0 1 
0 1 0 
1 0 0 
1 1 0 

FIGURE 27. Logic Diagram and Truth Table for 
CD4001 BM/CD4001 BC, Quad 2·lnput NOR Buffered B 
Series Gate 
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TOP VIEW 
TLIFI6017·29 

TRUTH TABLE 

Inputs Output 

A B C 

0 0 1 
0 1 1 
1 0 1 
1 1 0 

FIGURE 28. Logic Diagram and Truth Table for 
CD4011BM/CD4011BC, Quad 2·lnput NAND Buffered B 
Series Gate 
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TOP VIEW 
TUFI6017-31 

TRUTH TABLE TRUTH TABLE 

Inputs Output 
A B C 
0 0 0 
0 1 0 
1 0 0 
'1 1 1 

FIGURE 29. logic Diagram and Truth Table lor 
CD4081 BM/CD4081 BC, Quad 2·lnput and Buffered B 
Series Gate 

Terminal No.8 = GND 

Terminal No. 16 = VDD 

Inputs Outputs 
Clt 0 R S Q Q 

0 0 0 0 1 
1 0 0 1 0 
X 0 0 a Q 

X X 1 0 0 1 
X X 0 1 1 ,0 
X X 1 1 1 1 

No change " 
t = Level change 

X = Don't care case 

FIGURE 30. logic Diagram and Truth Table lor 
CD4013BM/CD4013BC, Dual 0 Fllp·Flop 

TL/FI6011-32 

FIGURE 31. logic Diagram lor CD4017BM/CD4017BC, Decode Counter/Divider with 10 Decoded Outputs 
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High voltage testing (VZAP) was conducted. Detail specifications applicable to aforementioned devices. This VZAP test !. 
is considered to represent an equivalent circuit describing the human body model and is shown in Figure 32. e. 
Each input under test was subjected to a sequential VZAP according to Table VI. In addition, each input was subjected to Ci) 
high voltage testing six times (6 x) for each condition. Ten (10) commercial samples of each device type were subjected !2. 
to VZAP' (1) 

Input is same pin number in every mode. Output is associated output to input under test in applicable mode. ~ 
Testing was conducted by electrical testing for all DC and functional parameters at 25°C per published data specifica- Di' 
tion limits, before and after VZAP testing. Results appear in Table VII. g; 
National's improved input protection network makes it possible for its devices to withstand high voltage discharges :::;: 
without affecting their electrical performance. '< 

Rl 
+ 

HIGH 
VOLTAGE 
POWER 
SUPPLY 

-

'~~, 
R,2" 

~ . 
TO DEVICE 

UNDER TEST 

Rl:;; 25 MO; represents protective charging resistance. 

R2:;; 1.5 kO; represents equivalent human body resistance. 

C1 :;; 100 pF; represents equivalent human body capacitance. 

51:;; Hg relay; means of transferring VZAP to device under test. 

VZAP= lOOOV, 2000V charge on Cl. 

FIGURE 32. Input Protection VZAP Test Conditions 

TABLE VI. Sequential VZAP Test Modes 

Mode Positive Terminal Negative Terminal 

1 Voo Input 
2 Input Voo 
3 Input Vss 
4 Vss Input 

5 Output Input 

6 Input Output 

TABLE VII_ VZAP Test Results 

1000V 2000V 

Total Energy Discharge 50!,J 200!,J 
CD4001BC 0/10 0/10 

CD4011BC 0/10 0/10 
CD4081BC 0/10 0/10 

CD4013BC 0/10 0/10 
CD4017BC 0/10 0/10 

VI. HANDLING GUIDE FOR CMOS 

Introduction 

All CMOS low-threshold devices are susceptible to damage by the electrostatic discharge (ESD) of energy through the 
devices. Ths is because the gate oxide thickness of ~uch devices is in the range of 1,000 A to, 1, 100A, which limits the 
maximum voltage that can be applied (to the input of the device) to 80V with a reasonable safety factor. (For a fuller 
description of ESD and its possible latent effects on microcircuits, see National Semiconductor's Reliability Physics 
Brief, RPB·02, July 1978 and Reliability Physics Brief, RPB·07, January 1980.) Although all CMOS devices have input pro­
tection networks which are effective in a large number of device·handling situations, they are not effective in 100% of 
the cases (please refer to specific devices in National's 1984 CMOS Databook). 

In order to be totally safe, proper handling procedures must be used to eliminate damage and subsequent yield loss 
caused by static electrical charges. It is the purpose of this application guide to outline proper handling procedures for 
CMOS devices. 
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CMOS Latch-up Free Operation 
Latch-up Is a common problem encountered by first time users of CMOS logic components_ However, if some fun­
damental precautions are laken, latch-up free system operation can be easily achieved. 

Typical CMOS structures have"many adjacent closely spaced junction diffusions, which under normal operation, will 
be reversed-biased. Figure 33 shows the cross section of two CMOS FETs showing the parasitic transistors con­
nected as a PNPN SCR (silicon controlled rectifier). If one or more of the PN junctions becomes forward-biased, the 
SCR will be triggered and the result appears to be a short between Voo and Vss. This "latch-up" will continue until 
power Is removed or the device is burned up. 

Voo 

RI 

Vss TLiF/6017.35 

TUF/6017-34 

FIGURE 33_ A Cross Section 01 Two CMOS FETs Showing the Parasitic Transistors and Equivaient Circuit 

The most common way that these parasitics come into play is to cause an input or output junction to become forward­
biased. The voltage required to activate the parasitic SCR decreases as operating temperature increases and is be­
tween 0.4V and 0.5V at 125DC. This undesired forward-biasing can be caused by noise on Voo and Vss lines, or noise on 
the input/output Signals, or from a combination of power supply and signal noise. 

Latch-up free operation can be achieved by maintaining all input and output levels within a range of - 0.3V minimum 
and Voo + + 0.3V maximum. The following precautions will ensure this. 

1. Voo and Vss should be applied before any input or output signal is applied. 
2. Voo and Vss noise must be minimized through adequate capacitive decoupling, power supply regulation, and good 

board layout with respect to power distribution. Ground (Vss) differences must be controlled to keep input and output 
signals from violating the Vss - 0.3V minimum. 

3. Signal overshoot(and undershoot) should be controlled to stay within the stated min-max range (transients of IV for 
50 ns can cause latch-up with some device types). 

General Handling Procedures 
1. The leads of CMOS devices must be in contact with conductive material to avoid build-up of static charge. Con­

tainers used for transporting or storing CMOS components should be made of such material or lined with antistatic 
protection. Rails for handling and shipping MOS devices must be made of electrically conductive material or be 
made static-free by an appropriate surface coating. In no case will CMOS devices be inserted into polystyrene foam 
or other high dielectric materials. Any surface coating which is not at ground potential must not come in direct con­
tact with device pins. 

2. Devices must be packed in conductive containers, rails or envelopes for storing. In addition, devices must be kept at 
ground potential and should never come in contact with nonconductive plastics. 

3. All electrical equipment must be hard-wired to ground. Soldering iron tips, metal parts of fixtures and tools, and all 
handling systems must be grounded. 

Cleaning 

1. Devices should be cleaned by a solvent which will assure complete removal of foreign maller, flux, residual maller, 
etc., from the exterior of the package. 

2. A static neutralizing ion blower should be used when manually cleaning devices or subassemblies with brushes. 
3. All automatic cleaning should be grounded. 
4. All cleaning baskets should be grounded. 
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Assembly 
1. Subassembly modules and printed circuit boards should be manufactured and handled using the same procedures 

as those described above for individual CMOS devices. 
2. CMOS parts should be the last to be inserted into printed circuit boards or systems so as to avoid overhandling. 
3. Circuit boards containing CMOS devices which are being transported between work stations and test areas should 

be contained in antistatic material or have all board terminals shorted together using a conductive shorting bar. Only 
handling trays of conductive material should be used. 

4. All automatic insertion equipment, solder machines, metallic parts of conveyor systems, and soldering irons should 
be grounded. 

Note: These precautions should be taken until the subassembly is inserted into the complete system in which the 
proper voltages are applied. Subassemblies should never be constructed, fixtured, stored, or transported in polystyrene 
or any other highly dielectric materials. 

General Operating Procedures 
The National CMOS product line is comprised of many different device types for a variety of applications. The following 
operating procedures apply in a general sense to all CMOS devices, but reference to device specification sheets is still 
necessary to assure correct operating values. 

A. Before making any physical connections or applying any external Signal sources, be sure that all power supplies are 
off. Be sure, also, to observe proper static ground conditions. 

B. Power supplies should be turned up slowly to the necessary voltages so as to avoid rapid supply changes. 
C. After power supplies have been turned on, apply external input signals. 

Note: Failure to perform the power-on procedure in this order can result in damage to CMOS circuitry. 
D. To power down, remove input Signals, then turn power supplies off slowly. 
E. If CMOS devices are operated at an elevated environmental temperature, allow devices to reach room temperature 

before they are powered down. 
F. Do not leave inputs to any CMOS device unused. For NAND gates, the unused inputs should be tied to Voo; unused 

inputs or NOR gates should be tied to ground. 

Testing 
1. Use grounded metallic fixtures where possible. Any surface that is not at gr.ound potential should not come into 

direct contact with device pins. 
2. Use a static-neutralizing ion air blower when running automatic handlers. Use conductive handling trays when 

transferring devices. 
3. Do not insert devices or boards with power turned on. 
4. Ensure that AC signals do not cause excessive current leakage. 

Electrical Failure Modes Caused by Improper Handling 
If proper handling tachniques are not followed, the generation of static electrical discharges may damage the CMOS 
devices, resulting in inoperable or degraded parts. Typical failure modes are: 

a. shorted or open gates 

b. shorted input proteytion diodes 
c. open metal paths in the device input circuitry 
d. degraded device characteristics 

The presence of these failure modes can be detected easily usi~g a transistor curve tracer. 

REFERENCES 
D. S. Peck and C. H. Zierdt, Jr.; "Temperature-Humidity Acceleration of Metal·Electrolysis Failure in Semiconductor 
Devices"; 11th Annual Reliability Physics Symposium, Las Vegas, Nevada, April 1973. 

R. W. Lawson; "The Accelerated Testing of Plastic Encapsulated Semiconductor Components"; 12th Annual Reliability 
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