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NSL-AbOl 

GENERAL PROCUREMENT SPECIFICATION FOR 

NASA SPECIAL LONG-LIFE ‘N5L) TRANSISTORS 

1. SCOPE 

1.1 Applicability 

This specification is part of the system of Part  Control Packages 
for controlling NASA Special Long-Life (NSL) parts, described in NASA 
CR46742-1. 
MSL-401, and defines the general parts procuremeLit requirements fcr all NSL 
transistors. 
fication, NSL-A401/ , are mandatory whenever NSL transistors are specified. 

This specification is genera7. ssction A of Part Control hckage 

This specification and the applicable detail procurement speci- 

1.2 Part  Identification 

Tr-.nsistors procured under this general specification shall be identi- 
fied by the NSL part type number defined in the applicable detail procurement 
specification. 

1 .3  Part  Manufacturer Identification 

Transistors procured under this general specification shall be manu- 
factured and obtained directly and only from the part manufacturer identified 
is the applicable detail procurement specification. 

1.4 Deviations 

All requiremeats contained in this general procurement specification 
ard in the applicable detail procurement specification are binding. 
part manufacturer shall under no circumstances use the NSL part type number, 
defined in the applicable detail procurement specification, on a part that 
deviates in any manner from the req!iirements herein or in the Etpplicable de- 
tail procurement specification. 
be waived or changed by procurement orders, letters, documents, or any other 
means short of changes to this general procurement specification andfor the 
applicable detail procurement specification, which have been approved by the 
prime contractor and the NASA as defined in 1.5 of this specification. 

The 

The requirements of this specification cannot 

1.5 Revision Verification 

Revisions to this specification and/or the applicable detail procure- 
ment specification shall not be considered to be valid unless they meet ali 
the following criteria: A l l  changes shall be incorporated into the body of 
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t he  specif icat ion,  and the revised version of the specif icat ion shal l  be marked 
with t h e  revis ion let ter added after the document number on each sheet. 
example, NSL-AkOlC would designate the th i rd  (C) revis ion of t h i s  specif icat ion 
Each revis ion s h a l l  be defined i n  a "Revision Record" sheet ident i fying the 
' sect ion and the change i n  de t a i l .  Each revis ion s h a l l  be approved on the  Revi- 
sion Record sheet,  by signature and date,  by the prime contractor 's  par ts  pro- 
gram manager (o r  authorized representat ive)  and t h e  designated representat ive 
of the NASA. The Revision Record sheet sha l l  be included a t  the end of each 
NSL specif icat ion,  but preceding appendixes. 

For 

1.5 Change Notif icat ion 

I n  the event of any change i n  material., design, construction, o r  pro- 
cess control for this NSL t r a n s i s t o r  a f t e r  a purchase order i s  placed and pr ioi  
t o  completion of procurement, the par t  manufacturer i s  required t o  not i fy  the 
prime contractor,  using the "Change Notification" form provided i n  appendix A 
t o  this specif icat ion.  
proval of the change within 15 days a f t e r  receipt  of  change not i f icat ion,  the 
change w i l l  become val id .  
order, i n  which case r ece r t i f i ca t ion  sha l l  be required. 

Unless the prime contractor  furnishes wri t ten disap- 

A disapproval shall  cons t i tu te  a cancel la t ion of the 

Unless the  change has only a minor effect on form, f i t ,  function, o r  
r e l i a b i l i t y ,  approval of the procurement specif icat ion by ,he NASA shall  be 
considered suspended u n t i l  the changes a r e  removed or  a r e  approved by the prime 
contractor and the designated representat ive of the NASA, as evidenced by one 
of the following actions: 

a. I n  the event t h a t  the  change is i n  conf l ic t  w i t h  spec i f ic  require-  
ments i n  this specif icat ion and/or the d e t a i l  procurement specif icat ions , then 
the specif icat ion must be revised t o  incorporate t h e  change as defined i n  1.5 
of t h i s  specif icat ion.  

b. I n  the  event t h a t  the change is not i n  conf l ic t  with a spec i f ic  
requirement i n  this specif icat ion and/or the  d e t a i l  procurement specif icat ion,  
then the applicable procurement specif icat ion must be re-released with a new 
revis ion letter as defined i n  1.5 of t h i s  specif icat ion.  However, the only 
physical change t o  the detail  procurement specif icat ion s h a l l  consis t  of a 
descr ipt ion of the change i n  the Revision Record, with approval by the prime 
contractor and the designated NASA representative.  
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L .  '- APPLICABLE DOCUMEWTS 

2.1 Documents 

The following documents form a p k - t  of t h i s  spec i f ica t ion  t o  t h e  ex- 
t e n t  specified herein. Unless otherwise specified herein,  t he  issue in e f fec t  
on t h e  date  of t h e  part  procurement contract s h a l l  apply. 

M i l  i t  a r y  

MIL-STD-129 

MIL-STD-202 

MIL-STD-453 

MIL-STD-750 

MIL-STD- 12 76 

SPECIF'ICATIONS 

Mil i tary 

MIL-S -195 90 

NSL-A401/ - 

Marking fo r  Shipment and Storage 

Test Methods f o r  Electronic and E l e c t r i -  
c a l  Component Par t s  

Inspection, Radiographic 

Test Methods f o r  Semiconductor Devices 

Leads, Weldable, f o r  Electronic Component 
Par ts  

Semiconductor Devices, General Specif i -  
dation f o r  

Detai l  Procurement Specif icat ion f o r  
NASA Special  Long-Life (NSL) Trans is tors  

2.2 Conflicting Requirements 

I n  the  event of conf l ic t  between the requirements of t h i s  specif ica-  
t i o n  and any of t h e  documents specified herein o r  i n  t he  applicable d e t a i l  pro- 
curement specif icat ion,  t h e  order of precedence s h a l l  be as follows: 

a. The applicable NASA Special  Long-Life (MSL) d e t a i l  procurement 
specif icat ion.  

b.. This general procurement cpecification. 

c. Specifications referenced herein o r  i n  t h e  applicable d e t a i l  pro- 
curenhat specif icat ion.  

NSL- A401 
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3. PRODUCT REQUIRENENTS 

3.1 E lec t r i ca l  Character is t ics  

The e l e c t r i c a l  charac te r i s t ics  of the t r a n s i s t o r s  sha l l  be a s  speci- 
f i e d  i n  3 .1  of the applicable d e t a i l  procurement specif icat ion.  

3.2 External Fby s i c a l  Character is t ics  

The external  physical charac te r i s t ics  of the t r a n s i s t o r s  sha l l  be as  
specified i n  3.2 of the  applicable d e t a i l  procurement specif icat ion.  
t i on ,  the following general requirements sha l l  apply: 

I n  addi- 

3.2.1 Lead Materials 

Lead materials sha l l  be sui table  f o r  both soldering a 4  weld- 
ing and s h a l l  conform t o  the M I L - S T D - ~ ~ ~ ~  type ,pacified i n  the applicable de- 
t a i l  procurement specification. After completion of a l l  specified t e s t s ,  t he  
leads sha l l  shod no evidence of corrosion or degradation tha t  w i l l  a f f ec t  elec- 
t r i c a l  or mechanical performance o r  r e l i a b i l i t y .  The leads sha l l  be permanent- 
l y  secured in t e rna l ly  so t ha t  normal movment of t he  leads w i l l  not cause 
s t r a in ,  wear, o r  damage t o  the t r a n s i s t o r  d i e  o r  enclosure. 

3.2.2 Case Materials 

Materials used f o r  the t r a n s i s t o r  cases sha l l  be cerrosion re -  
s i s t an t  or  sha l l  be plated o r  t rea ted  t o  resist corrosion. After completion of 
a l l  specified tests, the f i n i s h  s h a l l  show no evidence of corrosion o r  degrada- 
t i o n  tha t  could a f f ec t  e l e c t r i c a l  o r  mechanical performance o r  r e l i a b i l i t y .  

3.2. 3 Fungus Resistance 

External par ts  of the t r a n s i s t o r s  s h a l l  be constructed of mate- 
r i a l s  t ha t  a r e  inherently non-nutrient t o  fungus. 

3.2.4 Marking Methods 

Each t r a n s i s t o r  sha l l  be marked with the information required 
i n  3.6 of t h i s  specif icat ion and 3.6 of the applicable d e t a i l  procurement spe- 
c i f ica t ion .  A l l  markings sha l l  be permanent, l eg ib le ,  and complete a t  the end 
of all specified tests, and sha l l  be insoluble  i n  common cleaning solutions.  
Common cleaning solutions include, but a r e  not l imi ted  t o ,  tr ichloroethylene,  
freon, and methyl ethyl  ketone. 
printed. Materials sha l l  not be used which w i l l  i n t e r f e r e  with t h e  fine-leak 
hermeticity t e s t s  specified i n  t h i s  o r  the  d e t a i l  procurement specif icat ion.  

The markings shall be either electroetched o r  

3 .3  In t e rna l  Physical Character is t ics  

The in t e rna l  physical charac te r i s t ics  of the t r a n s i s t o r s  s h a l l  be 8s 
specified herein and i n  3.3 of the  applicable d e t a i l  procurement specification. 
The following general requirements sha l l  apply: 
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3.3.1 Materials, Design, and Construction 

When a de f in i t e  material ,  design, o r  construction is not speci-  
f ied  i n  the  applicable d e t a i l  procurement specif icat ion,  the a a t e r i a l ,  design, 
'and construction used sha l l  enable the  t r ans i s to r  t o  meet a l l  specified re- 
quirements. (See 1.6 hereill. ) 

3 , 4  Environmefital Compatibi l i tyu 

The t r ans i s to r s ,  while operating o r  nonoperating as  specified,  s h a l l  
be capable of withstanding the  folLowing environmental requirements: 

a. Vibration f .  Life  (ope ra t im  and s torage)  

b. Thermal vacuum g. S t e r i l i z a t i o n  cycles 

c. Acceleration h. Acoustic ncise  

tl . Temperature i. Radiation resis tance 

e ,  Sho;k 

3- 5 ManufacturinR Controls 

3.5.1 Manu'acturing and Inspectior. -.-e &ci%it ies  

Macufacturi.ng and manufa :tlu i yg  controls  f o r  NSL t r ans i s to r s  
The s h a l l  be performed i n  f f -2f tPes  approved 'ug the NASA prime contractor.  

production l i n e  ucmd by t!;$ ,)art manufacturer f o r  fabr icat ing the NSL t r ans i s -  
t o r  w i l l  have bck1-i tt'r I f i e d -  a6 e l i g i b l e  t o  supply t r ans i s to r s  t o  t h i s  speci- 
f i ca t ion  m d  the  applicable d e t a i l  procurement specif icat ion by the prime con- 
t r a c t o r  pric tc! In l t l a t io r .  ?f procurement. Fai lure  by the par t  manufacturer 
t o  conforb to -i--e requir2wlr.s of t h i s  specif icat ion o r  the appl icable  d e t a i l  
procurement 
cat ion (see 6 '-3 herein).  

m i f f p a t i o n  shall  be grounds f o r  revocation of the  l i n e  c e r t i f i -  

3.5.2 In-Elant S - m e i l l e n c e  

NASA-desig!!ated representatives may be assigned t o  the  par t  

The NASP - manufacturer's plant 50 perform s w i e i l l a n c e  and monitoring functions i n  con- 
nection with the  t r ans i s to r s  furnished under this  specif icr t ion.  
designated representat ives  s h a l l  be afforded controlled accem t o  weas  
volved i n  the process and fabricat ion of the  t rans is tors .  The applicab- 
designated representat ives  s h a l l  be not i f ied one week before any accepta. 
t e s t i n g  i s  t o  be performed. 
the prerogative t o  monitor inspection and t e s t i n c  i n  connection wlth t h i s  spec- 
i f i ca t ion .  

WA- 

The NASA-designated representat ive s h a l l  r e t a i n  

NASA, the prime contractor,  and the procuring a c t i v i t y  reserve the 

The ac tua l  environmental conditions w i l l  be determined by the system o r  pro- 
gram requirement e. 
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r igh t  t o  perform any of the inspections set fo r th  i n  t h i s  spec i f ica t ion  o r  the 
appl icsble  d e t a i l  procurement specif icat ion,  where such inspections are consid- 
ered necessary t o  assure t h a t  par t s  a:i3 services conform t o  the prescribed ye- 
quirement s. 

3 .5 .3  Manufacturing Flow Charts 

The par t  manufacturer s h a l l  prepare an individual manufacturing 
flow chart  f o r  the NSL trans’lcstor controlled by the  applicable de t a i l  procui-3- 
ment specif icat ion.  This chart  shall  i dec t i fy  the n rodx t ion  operaticns,  iden- 
t r ry  i n  sequence the materials aQd processes used, and l i s t  the document number 
and revis ion of the documentaxion covering these materials and processes. The 
t i t l e ,  number, re lease date ,  and lcdtest revis ion date  of each associated docu- 
ment shall  be Ehown. Tl- _ s  chart  shall  specify each point o r  loca t ion  a t  which 
an inspection operatior I performed and which function i s  responsible f o r  the 
inspection. The Plow c .yt s h a l l  i den t i fy  the individual documents t h a t  define 
the plan, sequence, and de ta i led  acceptance c r i t e r i a  f o r  performing a l l  inspec- 
t i ons  and tests require.: herein and i n  the applicable d e t a i l  procurement speci- 
f i ca t ion .  The flow chart  shal l  i r -dude applicable engineering procedures, pro- 
cess control  documents, and process change notices.  

3.5.4 StandardizaLion of Design Pract ices  and Processing Procedures 

The par t  manufacturer fihall maintain continuous standardization 
and control  of design pract ices  and processing procedures and formalize his re- 
sults for use by his design, draf t ing,  fabr icat ion,  and inspection Dersonnel. 
Thc part manufacturer’s product assurance organization s h a l l  be r e s p n s i b l e  for 
reviewing these standards f o r  adequacy i n  meeting product assurance reqclre- 
mentu of purchase orders and f o r  monitoring and assuring ‘hat they are being 
followed. 
subcontractors f o r  compatibil i ty with the  zequiremwts of this  specif:cation, 
and a l l  specif icat ions s h a l l  be submitted for ins, A ion  by NASA o r  i t h  repre- 
sentat ives  upon request. Typical areas  t o  be covered i n  th i s  standardization 
system include: 

The p a r t  manufacturer s h a l l  review the  specif icat ions of a l l  his 

a. Process specif icai ions 

b. Fabrication, assembly, and machining spec i f ica t ions  

e. Drafting prac t ice  and drawing specif icet ions.  

305.5 Procese Control Charts 

??sign and process control  shall be monitored by t h e  par t  manu- 
facturer through control  charts on appropriate product and procesfi var iables ,  
tolerances,  and other  control  technique:.;, a r  necessary. 

3.5.6 Prcjcess Control Documentation - 
The part manufacturer sha l l  mmpletely document with specif ica-  

tions and procedures, the procurement of parts  and materials,  materltals 
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i n spec t im ,  the t r a n s i s t o r  mmufazturing pmcesses, and the  inspections used t o  
control these processes. 
f o r  the  control and revision ~ f '  p l l  documents, This documentation sha l l  be 
avai lable  f a r  review by the Mi' 
t r ac to r .  

%he documentation sha l l  include in t e rna l  procedures 

esignated representative and t h e  prime con- 

3.5.7 Design, Material, o r  Process Change Notification 

A l i s t i n g  of a l l  documentation defining t h e  design, material-: 
process, procedure, and control,  showing the l a t e s t  revision letter i n  e f f ec t  
a t  t he  time of manufacture of the procurement lot s h a l l  be provided t o  
the  HASA prime contractcr. 
there  i s  an order i n  process without the part manufacturer completing the 
change not i f ica t ion  form a s  shcwn I n  appendix A. 

So change shall be  made t o  these documents while 

(See 1.6 herein.) 

3.5.8 Specif!.cation and D r a w i n g  Control 

The part manufacturer sha l l  adequately control the i s s u e  of new 
o r  revised process speclf icat ions,  inspection procedures, and procurement spe- 
c i f ica t ions ,  and s h a l l  provide f o r  the r e c a l l  of obsolete Zssues. The spec i f i -  
cation control s h a l l  know the  locat ion of a l l  operational issues of specifica- 
t ions.  Specification revisions ( and new issues)  s h a l l  require approval by the 
appropriate -zvels of production, engineering, and p,roduct assurance managezent 
Propriexary process o r  design specif icat ions s h a l l  be handled i n  the same (or 
equivalent) formal mamer as other  specif icat ions,  although they need not be 
made avai lable  t o  the  customer nor be given t h e  same d i s t r ibu t ion  as other  spe- 
c i f ica t ions ,  bwever, they shall be ident i f ied  on product flow charts  by t i t l e  
aDd number. Specification c o n t r d  (o r  equivalent a c t i v i t y )  s h a l l  have a record 
OP i s sue  locations and revis ion history.  

In te rna l  process, inspection, and o ther  specif icat ions shall 
s h o w  the customer revision s t a tus  when customer drawings o r  specif icat ions pro- 
vided f o r  contracts are referenced. Yhen changes t o  customer specif icat ions 
a re  received, the ihpact on ac t ive  products s h a l l  be evaluated by comparison 
with -Le pr ior  customer documents; they sha l l  therefore  be maintained i n  a con- 
trolled, known location. 

3.5.9 Proprietary Processes and Procedures 

Documents describing proprietary processes need not be made 
avai lable  t o  the procuring ac t iv i ty ,  but upon the spec i f lc  request of t h i s  a:- 
t i v i t y ,  an o f f i c i a l  of t h e  part manufacturer s h a l l  show the  procuring a c t i v i t y  
tha t  t h e  proprietary operations a r e  completely defined and tha t  the prcper con- 
trols a re  specified. 

3.5.10 Control of Procurement Sources 

The par t  manufacturer s h s l l  exercise control over h i s  sources 
of supply and contractors t o  assure tne qua l i ty  and r e l i a b i l i t y  of purchased 
par t s  and materials, and sha l l  maintain records of product performance of each 
sub- t ie r  supplier. Chemical E .A* . Fses and physical t e s t s  necessarf t o  veriI'y 
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t ha t  raw materials conform t o  design requirements sha l l  be per iodical ly  con- 
ducted on samples randomly selected from raw material received, Test results 
shall be incorporated a s  part  of t he  inspection records f o r  the  l o t  selected. 

3.5.11 Part Manufacturer ReceiviFg Inspection 

Receiving InspectLon s h a l l  operate under prescribed procedures 

There sha l l  be a segregation of accepted material, 

The control procedures above s h a l l  be implemented 

and maintain a formal record system. 
ter ia l  shall  be i n  evidence. 
re jected material ,  and parts being held p r io r  t o  f i n a l  disposi t ion by the  He- 
ceiving Inspection function. 
for  such i t e n s  a s  packages, semiconductor material and other  types of sub- 
strates, piece par ts ,  solder preforms, wire, and pure chemicals. 

A formal method of handling rejected ma- 

3.5.12 Nonconforming Materials 

The part manufactllrer s h a l l  provide f o r  the  review, control,  
Each nonconformance s h a i l  be re- and disposi t ion of nonconforming materials, 

viewed, a disposi t ion made by personnel vested with t h i s  r e s p o x i b i l i t y ,  and 
posi t ive corrective act ion taken t o  prevent recurrence of similar discrepancies 
Pertinent drawings and docmentation s h a l l  be changed or i n i t i a t e d  as necessary, 

3.5.13 Measuring and Test  Egupment 

The part manufacturer s h a l l  provide and maintain measuring and 
t e s t i n g  devices necessary t o  assure tha t  t r a n s i s t o r s  conform t o  technical  re- 
quirements. 
standards which have know~l va l id  re la t ionships  t o  nat ional  standards a t  estab- 
lished periods t o  assure continued accuracy. 
iuspection and te t t  equipment i s  adjusted, replaced, o r  repaired before it be- 
comes inaccurate. The ca l ibra t ion  of measuring and t e s t i n g  eq'ripment sha l l  be 
i n  conformance with MIL-STD-750. 
o n l y t h o s e  subcontractors and sources of supply which depend on ca l ibra t ion  
systems tha t  e f fec t ive ly  control t h e  accuracy of measuring and t e s t i n g  equip- 
ment. 

These devices s h a l l  be cal ibrated against  c e r t i f i e d  measurement 

The object ive i s  t o  assure t h a t  

The par t  manufacturer shall assure t h e  use of 

3.5.14 Ident i f ica t ion  and Inventory Control 

From the  time of material  rece ip t ,  through processing and com- 
plet ion of the  t r ans i s to r s ,  material, parts, and f inished products s h a l l  be 
hcndled and stored in such a way tha t  the i d e n t i t y  and qua l i ty  of such materi- 
als w i l l  be preserved. 1.U. material s h a l l  be used on a f t r s t - i n - f i r s t - o u t  
basis. Materials and parts sha l l  be t ransferred and transported i n  containers 
o r  equipment and by methods tha t  w i l l  adequately protect qua l i ty  and ident i ty .  

Ident i f ica t ion  she l l  be a t  l e a s t  a par t  number, lot number 
(and/or purchase order) , qua l i ty  s t a tus  (evidence of acceptab i l i ty )  , and opera- 
t i ons  completed, Rejected material  o r  material  awaiting nonconformance review 
sha l l  be prominently marked, physically isolated from material  awaiting inspec- 
t i o n  o r  accepted, and locked o r  otherwise controlled so a s  t o  pos i t ive ly  pre- 
vent loss o r  substi tution. Part numbers and l o t  numbers sha l l  remain on 
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products o r  containers u n t i l  i den t i ty  i s  l o s t  i n  t he  next higher l e v e l  of as- 
sembly o r  batch o r  u n t i l  the products are processed with other  lots, so a s  t o  
create  a new 1st number. 

3.5.15 Workmanship 

The t r ans i s to r s  s h a l l  be processed i n  a manner t o  ensure free- 

A workmanship program s h a l l  be i n  e f f e c t  
dom of defects  and s h a l l  be manufactured i n  f a c i l i t i e s  t h a t  w i l l  emure the 
proper cleanliness and uniformity. 
continuously f o r  a l l  personnel involved i n  the manufacture of t r a n s i s t o r s ,  and 
s h a l l  have readily avai lable  t o  operators, de ta i led  wri t ten manufacturing pro- 
cedures and appropriate v i sua l  aides f o r  each operation. The methods u t i l i z e d  
i n  handling, storing, and transporting the  par t s  during processing s h a l l  mini- 
mize contamination and mechanical damage. 

Workmanship standards shall be prepared and implemented by the 
part manufacturer on the basis  of the requirements of t h i s  and the applicable 
de ta i l  procurement specification. 

3.5.16 In te rna l  Contamination 

Where material  t h a t  can introduce solder balls,  gold f lakes ,  
weld s p l a t t e r ,  o r  other  s imi la r  contamination i n t o  the t r a n s i s t o r  i s  used i n  
the manufacturing process, then the par t  manufacturer s h a l l  prepare and imple- 
ment de ta i led  procedures f o r  process control and inspection t o  preclude the 
fabr ica t ion  of t r ans i s to r s  with such contamination. In t h i s  area, the process, 
process control, and inspection s h a l l  be continually evaluated by t h e  par t  
manufacturer, the prime contractor, o r  the designated representative of the 
NASA. Disapproval of the part manufacturer's process, process control,  or  
inspection s h a l l  be cause f o r  suspension of t h e  part manufacturer's l i n e  c e r t i -  
f i c a t i o n  unt i l  he has taken the proper ccrrect ive actions. 

3-5-17 Inspection Equipment 

Equipment used for inspection s h a l l  be r ece r t i f i ed  a t  i n t e r -  
va l s  formally established t o  provide for  cal ibrat ion,  replacement, o r  repair 
before the equipment becomes inaccurate. 

3.6 Ident i f ica t ion  and Traceabi l i ty  

3.6.1 Maintenance of Traceabi l i ty  

Two-way t r aceab i l i t y  s h a l l  be maintained, tha t  is, from tran- 
s i s t o r  s e r i a l  number t o  material acceptance records, snd v i ce  versa, from mate- 
r i a l  l o t  t o  range of t r a n s i s t o r  s e r i a l  numbers. 

3.6.2 Marking Information 

Each t r a n s i s t o r  sha l l  be marked, where space permits, i n  t h e  
order of preference shown: 
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9. NSL par' nunber 

b. b e r i a l  :-umber 

c. I!*.ite code 

d. Manufacturer's ident i f ica t ion .  

3.6.3 rate Code - 
The t r ans i s to r s  s h a l l  be date-coded immedihtely a f t e r  sea l ing  

i s  completed. 
shal l  be the 1c ; t  number of the year, and the second and t h i r d  d i g i t s  s h a l l  be 
the numbers of t::e week lexample: 

The date code s h a l l  be a three-digi t  number. The first d i g i t  

849 is year 1968, week 49) of sealing. 

3.6. .- St r i a l i z a t  ion 

The t r a n s i s t o r s  s h a l l  be ser ia l ized  immediately a f t e r  i n t e rna l  
v i sua l  inspectic.1 and capping i s  completed. The serial number s h a l l  be a 
sequential  f ive-digi t  number. For a given par t  number, the  ceria: number s h a l l  
be unique; t ha t  i s ,  the part number together with the s e r i a l  number shai; ,den- 
t i f y  one t r ans i s to r .  For each par t  number, the  f irst  s e r i a l  number assigned 
s h a l l  be OOOO1, cnd subsequent serial numbers s h a l l  be consecutive w i t h i n  a l o t  
and continue fr.om l o t  t o  l o t .  
assigned s e r i a l  numbers so that  manufacturing dates  and inspection dates can 
be ident i f ied  by the par t  number and a ser ia l  number. 
of t r a n s i s t o r s  i s  rejected,  the ser ia l  number f o r  that  t r a n s i s t o r  o r  l o t  s h a l l  
not be assigned t o  another t r a n s i s t o r  or l o t .  

The par t  maniifricturer s h a l l  maintain records of 

I f  a t r a n s i s t o r  or l o t  

3.6.5 RmcLrement Lot 

A procurement l o t  s h a l l  consist  of a l l  the parts procured under 
one order t o  one NSL de ta i l  procurement specification. Every effort  s h a l l  be  
made by the  part manufacturer t o  arrange tha t  t h e  par t s  i n  one procurement l o t  
are as iden t i ca l  a s  possible. To the greatest  extent possible, a l l  t h e  par t s  
i n  a procurement l o t  s h a l l  be-i'abricated: 

a. without interference or interrupt ion of any kind, i n  the 
minimum time, 

b. from the minimum number of diffusion batches, 

c. from one l o t  of each material o r  par t ,  

d. with unchanging processes, and 

e. with a minimum turnover i n  personnel. 
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3.7 Product Assurance 

3.7.1 Product Assurance Organization 

The organization responsible f o r  product assurance shall have 
access to management. If the product assurance organization is composed of a 
reliability and a quality assurance function, these shall both have direct 
access to management. Under no circumstances shall these organizations be 
under the manufacturing organization. 
to each organization shall be defined and documented in a Product Assurance 
Plar,. 
assurance program. 

The responsibility and authority assigned 

Manhgement shall regularly review the status and adequacy of the product 

3.7.2 Rmduct Assurance Plan 

The part manufacturer shall provide a Product Assurance Plan 
fa s1:plport of the procurement of NSL transistors for approval by the prime con- 
tractor. 
the part manufacturer intends to support the E L  transistor procurement. 
plan shall be submitted to and approved by the prime contractor prior to fabri- 
cation. The plan shall identify tasks, and for each task: assignments of 
responsibility, schedule, controlling procedures, end-items, and criteria for  
completion. The information in the plan shall not be considered proprietary. 
The plan shall contain: 

This plan shall document the product assurance activities with which 
The 

a. Part manufacturer's organizational chart. 

b. Description of failure analysis capabilities and planning 
for support of NSL procurements. 

c. Description of product-assurance-oriented t ra lning,  includ- 
ing identiffcation of specific scheduling. 

d. Manufacturing flow chart . 
e. Description of lot control plan for traceability of mate- 

rials and processes throughout the manufacturing cycle to and including tran- 
sistor identification by serial number. 

f. Description of procedures and planning for certification of 
inspectors, fabrication personnel, and test personnel. 

g. Description of procedures and planning for calibration and 
maintenance of test and fabrication equipment. 
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4. TEST REGUIREMENTS 

4 .1  Zontrols Required Over Test inq 

4.1.1 - F a c i l i t i e s  

Acceptance t e s t i n g  and qua l i f ica t ion  t e s t i n g  required by 4.3 
and 4.4 of t h i s  spec i f ica t ion  and 4.3 and 4.4 of t h e  applicable de t a i l  procure- 
ment spec i f ica t ion  s h a l l  be performed i n  f a c i l i t i e s  approved by the prime con- 
t ractor  and by the designated representat ive of t h e  NASA. 

4.1.2 Measuring and Test Equipment 

The part manufacturer s h a i l  provide and maintain measuring and 
t e s t i n g  devices necessary t o  assure t h a t  t r a n s i s t o r s  conform t o  the acceptance 
and qual i f ica t ion  test c r i t e r i a .  
i n  3.7 of this specif icat ion.  

These devices s h a l l  be maintained as required 

4.1.3 Standard Ambient Test Conditions 

&less otherwise specified, a l l  tests, measurements, and exami- 
nations s h a l l  be performed under t h e  standard temperature, pressure, and humi- 
d i t y  conditions specified i n  MIL-STD-750. 

4.1.4 Test Procedures 

The par t  manufacturer s h a l l  prepare, and conform to ,  test  pro- 
cedures t o  imFlement the requirements of 4.3 and 4.4 of t h i s  spec i f ica t ion  and 
4.3 and 4.4 of the applicable detai l  procurement specification. 
dures s h a l l  be approved by the prime contractor and by the  designated represen- 
t a t i v e  of the HASA p r i o r  t o  tes t ing .  The procedures s h a l l  include, as a mini- 
mum, a descr ipt ion of t h e  test equipment, data recarding equipment, test 
sequence, descr ip t ive  diagrams, a step-by-step procedure of parameter and 
environmental testing, acceptance and re jec t ion  c r i t e r i a ,  part marking, 
computer-card data forrnat, data  sheets, and inspection stamp requirements. I n  
cases where complex automatic test  equipment i s  u t i l i z e d ,  t h e  operating manual 
s h a l l  be referenced and be avai lable  f o r  review. Test methods covered by m i l i -  
tary test specif icat ions need only be referenced; however, where a choice of 
a l t e rna t ive  conditions o r  test l eve l s  is required t o  implement, these s h a l l  be 
defined. 

These proce- 

4.1.5 Procedure i n  Case of Test Equipment Fai lure  o r  Operator Er -or  .- 

Any part f a i l i n g  a s  a r e s u l t  of a ver i f ied  test equipment f a i l -  
ure o r  operator e r r o r  s h a l l  be removed o r  replaced depending upon schedule, by 
another par t  from t h e  same procurement l o t .  Replacement devices s h a l l  be sub- 
,jetted t o  a l l  required tests. 

4.1.6 Test Records 
A l l  test measurements and data s h a l l  be recorded. (See 5.1.3, 

5.1.4, and 5.2 herein.) 
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4.2 Test Methods and Cr i te r ia  

I n  tab les  I and I1 of t h i s  specif icat ion,  t he  calumn labeled "Methods 
and Cri ter ia"  iden t i f i e s  the  sections which d e f i n e  the  t e s t  methods required 
f o r  each l i n e  item, and the c r i t e r i a  f o r  s a t i s f ac to ry  completion of each l i n e  
item. Test methods and c r i t e r i a  f o r  s a t i s f ac to ry  completion, as  cal led out by 
tab les  I and 11, a r e  provided i n  the  subsections below. 
apply t o  the extent they a r e  called out i n  t ab le  I o r  11. 

These subsections 

4 .2 .1  In te rna l  Visual 

In te rna l  v i sua l  examination s h a l l  be performed i n  accordance 
with appendix C of t h i s  specif icat ion immediately befcw the t r ans i s to r s  a re  
sealed. (The t r ans i s to r s  s h a l l  be sui tably protected trot? contamination u n t i l  
sealed. ) The examination s h a l l  be performed i n  a controiied clesn atmosphere 
by qual i f ied personnel i n  the  par t  manufacturer's product 'Idsurance o r  qua l i t y  
assurance department. The t r ans i s to r s  shall meet the requirements  specified 
i n  3.3 and appendix C of t h i s  specif icat ion and i n  3.3 of t he  applicable d e t a i l  
procurement specif icat ion.  

4.2.2 Fby s i c a l  Dimensions 

The physical dimensions of t h e  t r a n s i s t o r s  s h a l l  be checked i,i 
accordance with method 2066 of MIL-STD-750. The dimensions s h a l l  be measured 
with equipment appropriate t o  ve r i fy  t h e i r  conformance t o  the  dimensional f ig -  
ure o r  f igures  specified i n  3.2 of t he  applicahle d e t a i l  procurement spec i f i -  
cation. 

4.2.3 External Visual 

External v i sua l  examination sha l l  be performed i n  accordance 
with method 2071 of MIL-STD-750 and the  requirements of 3.2 of t h i s  specifica- 
t i o n  and 3.2 of t he  applicable d e t a i l  procurement specif icat ion.  There s h a l l  
be no v i s i b l e  evidence of corrosion, contamination, o r  damage such a s  grossly 
bent o r  broken leads,  defective o r  damcged plating, o r  other  conditions which 
could i n t e r f e r e  with the  application o r  operation of t h e  t rens is tor .  
marking s h a l l  be l eg ib l e  and complete. 

A l l  

4.2.4 Elec t r ica l  Character is t ics  

Elec t r ica l  tests s h a l l  be perfomed on t h e  t r ans i s to r s  i n  ac- 
cordance with the test conditions, methods and parameter limits specified i n  
t a b l e  I1 of t h e  applicable d e t a i l  procurement specif icat ion.  The t r a n s i s t o r s  
s h a l l  meet the specified requirements. 

4.2.5 High-Temperature Storage 

The t ransis tors  s h a l l  be subjected t o  high-temperature storage 
for  48 22 hours a t  t he  maximum rated high storage temperature specified i n  
t a b l e  I of t h e  applicable d e t a i l  procurement specification. 
no mechanical dsmage a f t e r  completion of t he  test .  

There s h a l l  be 
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4.2.6 Thermal Shock 

The t r ans i s to r s  s h a l l  b e  subjected t o  thermal shock i n  accor- 
dance with method 107 of MIL-STD-202. 
maximum rated low and high storage temperatures specified i n  t ab l e  I of t he  
applicable d e t a i l  procurement specif icat ion.  The t r ans i s to r s  s h a l l  remain 
1 5  minutes ' 3 0  seconds a t  each extreue, and the maximum t ransfer  time ?ha l l  be 
5 minutes. 
rosion a f t e r  completion of the t e s t .  

The temperature extremes s h a l l  be the 

There s h a l l  be no mechanical damage o r  evidence of harmful cor- 

4.2.7 Reverse-Bias High-Temperature L i f e  

When specified therein,  a l l  t r ans i s to r s  s h a l l  be  subjected t o  
the  tes t  conditions specified i n  t a b l e  I11 of the  applicable d e t a i l  procure- 
ment specification. The bias s h a l l  remain applied u n t i l  t h e  temperature i s  
reduced t o  specif icat ion ambient conditions. The leakage-current parameter 
specified i n  the applicable d e t a i l  pmcurement specif icat ion s h a l l  not exceed 
the specified l i m i t .  

4.2.8 Constant Acceleration ( f o r  Acceptance Test)  

The t r ans i s to r s  s h a l l  be subjected t o  a constant acceleration 
of 20,000 g ?lo$ fo r  a period of one minute  +5 seconds i n  t h e  Y 1  or ientat ion,  
i n  accordance with method 2926 of MIL-STD-750. 
damage a f t e r  completion of t he  test .  

There s h a l l  be no mechanical 

4.2.9 Mechanical Shock ( fo r  Acceptance Test)  

The t r ans i s to r s  s h a l l  be r i g i d l y  mounted with su i tab le  protec- 
t i o n  f o r  the  leads and s h a l l  then be subjected t o  10 blows, each with a peak 
acceleration of 1500 g and a duration of 0.5 (+.25, -0) millisecond, applied 
perpendicular t o  the  b2se of the d ie ,  i n  accordance with method 2016 of 
MIL-STD-750. There Fnall be no mechanical damage a f t e r  completion of t h e  test .  

4.2.10 Hermeticity 

The t r ans i s to r s  s h a l l  be subjected t o  the  f i n e  leak and gross 
leak  tes ts  below, i n  the  following sequence: 

4.2.10.1 Fine-Seal Leak 

The t r ans i s to r s  s h a l l  be subjected t o  a leakage test 
i n  7ccordance with method 112 of MXL-STD-202, t es t  condition C, procedure IIIa 
o r  Cb, except t ha t  tne gross-leak portion of t he  tes t  shall conform t o  
4.2.10.2 hercdn. 

Conditions f o r  Procedure I I I a  - The t r a n s i s t o r s  
s h a l l  be placed i n  a sealed chamber, pressurized t o  50 psig m'inimum with helium 
gas, f o r  a minimum of 4 hours. 
chamber and within 30 minutes s h a l l  be subjected t o  a helium leak detection 
t e s t .  

The t r ans i s to r s  s h a l l  then be removed from the  

Transistors s h a l l  be rejected tha t  exhibi t  a leak r a t e  greater  than 
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1 x cubic centimeter of helium p e r  second when measured a t  a d i f f e r e n t i a l  
pressure of one atmosphere. 

Conditions f o r  Procedure I I I b  - The t r a n s i s t o r s  
' shal l  be placed i n  a sealed chamber which s h a l l  be pressurized t o  180 psig - -  
minimum with Krypton 85 t r a c e r  i n  a nitrogen solut ion f o r  a minimum of 30 min- 
utes. Within 4 hours af ter  evacuation of t h e  chamber, the t r a n s i s t o r s  s h a l l  be 
tested with a counter capable of :;etecting leakage a t  the r a t e  of 1 x 10-8cubic 
centimeter per second. 

4.2.10.2 Gross-Seal Leak 

Each t r a n s i s t o r  shall be tested f o r  gross leaks by  
immersing i n  noncorrosive ethylers glycol a t  approximately 150" C f o r  a minimum 
of 15 seconds and observing f o r  bubbles. 
rejected.  

All devices tha t  bubble s h a l l  be 

4.2.11 Burn-In and Parameter Dr i f t  Measurements 

The t r a n s i s t o r s  s h a l l  be operated i n  accordance with method 
1026 of MIL-STD-750 f o r  a period of 500 +lo hours under the conditions speci- 
f i e d  i n  t a b l e  I11 of the  applicable d e t a i l  procurement specif icat ion.  Unless 
otherwise specified therein,  these conditions s h a l l  provide f o r  the  maximum 
rated junction temperature. A t  the  s t a r t ,  a t  250 k10 hours, and a t  500 +_lo 
hours, the  drift-measurement parameters specified i n  t a b l e  I11 of 
t h e  applicable d e t a i l  procurement specif icat ion s h a l l  be measured and s h a l l  not 
exceed the  limits and d r i f t  c r i t e r i a  specified therein.  

4.2.12 X-Ray 

Each t r a n s i s t o r  s h a l l  be photographed i n  t h r e e  mutually per- 
pendicular planes and examined as specified i n  appendix B of' t h i s  specification. 
The t r a n s i s t a r s  s h a l l  meet the  requirements specified i n  appendix B. 

4.2.13 E l e c t r i c a l  End Points 

The e l e c t r i c a l  end-point parameters l i s t ed  i n  table I V  of the 
applicable detail  procurement specif icat ion s h a l l  be measured a t  the tempera- 
t u e  specified therein.  The parametric change ( d e l t a )  s h a l l  be determined by 
comparison with the i n i t i a l  end-point measurements. The t r a n s i s t o r s  s h a l l  
meet the l i m i t s  specified i n  table TV of the applicable d e t a i l  procurement 
Specification. 

4.2.14 Vibration, Variable &zt -.:'cy 

The t r ans i s to r s  shall tes ted i n  accordance with method 2056 
of MIL-STD-750, except; t h a t  they s h a l l  01 subjected t o  a constsnt rms accel- 
e ra t ion  of 100 g w i t h  a frequency range from 20 t o  2OCO Hz. The sweep rate 
sha l l  be 1/2 octave per  minute and the displacement shal l  be l imited t o  0.6 
inch double amplitude between 20 and 100 Hz. The t r ans i s to r s  shal l  be sub- 
jected t o  t w  sweeps up and down along each of three mutually perpendicular 
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axes (X, Y, and 2). 
t h e  tes t .  

There sha l l  be no mechbzical damage after completion of 

4.2.15 Constant Acceleration ( f o r  Qual i f icat ion Test)  

The t r a n s i s t o r s  s h a l l  be subjected L O  a constant accelerat ion 
of 30,000 g +lo$ for  a period of one minute t5 seconds i n  a l l  s i x  or ien ta t icns  
(Xi, X2, Y1, Y2, 21, and @), i n  accordance with method 2006 of MIL-STD-750. 
There s h a l l  be no mechanical damage a f t e r  completion of t he  tes t .  

4.2.16 Mechanical Shock ( f o r  Qual i f ica t ion  Test)  

The t r a n s i s t o r s  s h a l l  be r i g i d l y  mounted with su i t ab le  protec- 
t i o n  f o r  the  leads and s h a l l  then be subJected t o  5 blows, each with 8 peak 
accelerat ion of 1500 g and a duration of 0.5 (+.25, -0) millisecond, applied 
i n  a l l  s i x  or ientat ions (Xi, X2, Y1, Y2, Z1, and %), i n  accordance with method 
2016 of MIL-:rD-750. 
t h e  test .  

There s h a l l  be no mechanical damage a f t e r  completion of 

4.2.17 Mcisture Besistance 

The t r a n s i s t o r s  s h a l l  be tested i n  accordance with method 1021 
There s h a l l  be no damage a f t e r  completion of t h e  tes t .  of MIL-STD-750. 

l e a s t  90 percent of t he  surfaces s h a l l  be unaffected by moisture and show no 
evidence of harmful corrosion. 

A t  

4.2.18 Thermal Resistance 

The QJ-A thermal charac te r i s t ics  of t h e  t r a n s i s t o r s  s h a l l  b e  
t es ted  i n  accordance with method 3132 of MIL-STD-756. The t r a n s i s t o r s  s h a l l  
be mounted i n  f r e e  a i r  with no heat sink. The tes t  conditions s h a l l  be a s  
specified i n  t ab le  IV of the  applicable d e t a i l  procurement specif icat ion.  
specified l i m i t  s h a l l  not be exceeded. 

The, 

4.2.19 Solderabi l i ty  

The t r a n s i s t o r s  s h a l l  be tes ted f o r  so lde rab i l i t y  i n  accor- 
dance with method 2026 of mL-313-750. The following d e t a i l s  s h a l l  apply: 

a. Number of terminations of each par t  t o  be tes ted :  A l l .  

b. Depth of immersicn i n  f lux  and solder: The leads s h a l l  
be immersed t o  within 1/8 inch of t h e  weld, sea l ,  o r  case, a s  applicable. 

c. Examination with 7 X  magnification: The t r a n s i s t o r s  s h a l l  
be examined f o r  wetting and coverage anti s h a l l  meet the  c r i t e r i a  specified.  

4.2.20 Terminal S t r e n d h  

The t r a n s i s t o r s  s h a l l  be tested i n  accordance with method 2036 
of MIL-STD-750, tes t  condition E. The following d e t a i l s  s h a l l  apply: 
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a. Weight t o  be attached t o  l e a d :  4 kO.5 ounces. 

b. P?umber of arcs:  Three. 

c. Examination with 7 X  magnification: The t r ans i s to r s  s h a l l  
be examined f o r  glass  f r ac tu re  o r  broken lead and s h a l l  meet the  c r i t e r i a  
specified.  

4.?.??. - Solvent Resistance 

The t r a n s i s t o r s  s h a l l  be t e s t e6  ic accordance with aethod 215 
After completion of t h e  tes t  %here s h a l l  be n3 physical c&* of MIL-STD-202. 

mechanical damage o r  ob l i te rn t ion  of the marking. 

4.2.22 Opersti,-n--,. - c &,-.d Parameter D r i f t  Measurements 

The tran?? stor; snal.1 be operated i n  accordance with method 
1026 of MIJAWD-v(;V ?'rJi* E period of 2000 k24 hours. under t h e  conditions speci- 
f i e d  i n  table IV cf '.he '.&PI ' -sble d e t a i l  procurement specificantLon. Unless 
otherwise specified th-erclr  these conditions shall provide fo r  t h e  maximun? 
rated junction temperature A t  t h e  s t a r t ,  a t  500 +,lo hours, 1000 +lo hours, 
1500 224 hours, and a t  2000 224 txirs, t h e  drift-measurement 
parameters specified i n  table IV of the  applicable d e t a i l  procurement specif'i- 
cat ion s h a l l  be measured ard s h a l l  not exceed t h e  limits and d r i f t  c r i t e r i a  
specified therein.  

4 . 2.23 Clons t ruc t  ion Analysis 

The construction analysis  s h a l l  consist  of t h e  examinations 
described i n  the following subsecticns ( i n  the order l i s t e d ) ,  
no evidence of improper construstion, processing, o r  use of materials. 

There s h a l l  be 

4.2.23.7. X-Ray 

The t r a n s i s t o r s  s h a l l  be X-rayed i n  accordance with 
4.2.12 herein and :.hall meet t h e  c r i t e r i a  spe:j.fied. 

4.2 . 23.2 Physical Dimensions 

The physical dimensions of the t r a n s i s t o r s  s h a l l  be 
measured i n  accordance with 4.2.2 herein and s h a l l  conform t o  the  c r i t e r i a  
spedified. 

fi.2.23.3 - External Visual 

The t r ans i s to r s  s h a l l  be examined i n  accordance with 
4.2.3 herein and s h a l l  meet t h e  c r i t e r i a  specified. 
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4.2.23.4 Transis tor  Autopsy 

The package s h a l l  be opened by a t x h n i q u e  t'nat does 
not damage o r  contaminate t h e  in t e rna l  s t ruc tu re  o r  i n  any way impair the a b i l -  
' i t y  t o  observe defects i n  t h e  devices o r  the  e f f e c t s  of preceding t e s t  expomu-es. 

4.2.23.5 In t e rna l  Visuai 

The t r a n s i s t r s  s h a l l  be examined i n  accordrwe with 
4.2.1 herein and s h a l l  meet the c i t e r i a  s p e c i 3 e d .  Each t r a n s i s t o r  shal l  be 
f u L y  described, by means o9 diagrams and photographs, a s  t o  product mrrking, 
coating, a l l  dimensions of the package, leads,  sealing, bonde, and general con- 
s t ruc t ion .  
showing a cor re la t ion  between the various elements on the  topographic map arld 
the schematic elements. Either an exploded o r  a cross-sectional view s h a l l  be 
drawn showing the ;?art construction, materials,  type of bonds, dimensions, and 
seal ing surfaces. 

Topographic mapu of the  semiconductor d i e  s h a l l  be constructed 

4.3 Acceptance Test 

4.3.1 General Requirements f o r  Part Acceptance Tes t in8  

Part acceptance t % s t s  a re  required t o  be: 

a. Performed by the par t  manufacturer f o r  eat?- curement 
l o t  . 

b. Conducted a f te r  successful completion of proc,:ct yequire- 
ments f o r  the procurement l o t  i n  conformance with sec t icn  3 of t h i z  - recifica- 
t i o n  and sect ion 3 of the appllcable d e t a i l  prccurement specif icat icAA. 

c. Performed on a11 parts i n  the procuremenr lot which have 
passed manufacturing inspection. 

d. I n  conforr;ance with the requirements c-f 4.3 cf this speci- 
f i c a t i o n  and 4.3 of the applicable d e t a i l  procurement cpecification. 

4.3.2 Acceptance Test Requirement; 

The acceptance test s h a l l  be conducted i n  conformance with 
Any part  f a i l i n g  t o  meet a l l  the c r i t e r i a  i n  f i gu re  1 and t a b l e  I herein. 

t a b l e  I s h a l l  be re jected.  
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Reject Procurement 
Lot 

9. Mechrurical Shock 
10. Hemticity 
21. Burn-In and Pararrteter 

Drift Keasurements 

13. External Visual 
14 I) Electrical Characteristic: 

Group c-SO Parts * 
1. Operation Life 

and Parmeter 
Drift Measure- 
Blents 

c b 

+Reject Failed Parts 

Acceptance Test Reject or Accept Lot 
*Pending w i f i c a t i o n  

Qualifkation Test-82 Parts 
= 

w m 

Group A-5 Psr 
Control Grow 

Glectrical 

Gmug E25 Parts 
1. $lee End Points 
2. Vibration 
3. Elec End Points 
4. Acceleration 
5. Elec End Points 
6- Mechanical Shock 
7. Blec End Points 
8- misture Rsisterncc 
9. Blec End Points 
LO. Thermal Resistance 
ll. Solderability 
12. T e r m i d  Strength 
13. Solvent Resistance 
14. Remeticity . 
15. %lee End Points 

Group D-2 Parts 
Construction 
Analysis 
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Test 

1. Internal V i s u a l  

2. Physical Dimensions 
3. External V i s u a l  

4. Electrical 
Character is t i cs 

5.  High-Temperature 
Storage 

6. Thermal Shock 
7. Reverse-Bias L i f e  

8. Acceleration 
9. Mechanical Shock 
LO. Hermeticity 
U. Burn-In end Parameter 

(when specified) 

Drift Measurements 
12. X-Rw 
13. h t e r n a l  V i s u a l  
14. Electrical 

Characteristics 

Max. Percent 
Dei e c t ives 
Acceptable 

4.3.3 Acceptance-Test Yield Requirements 

Metbis u 
Section in 
This Spec 

4.2.1 
4.2.2 
4.203 
4.2.4 

4.2.5 

4.2.6 
4.2.7 

4.2.8 
4.2.9 
4.2.10 
4.2.U 

4.2.12 
4.2.3 
4.2.4 

I Criteria 
Section in 
Applicable 
Detail 
Procurement 
Spec 

3. 3 
3.2 
3.2 

Table I1 

Table I 

Table I 
Table 111 

-0 

-- 
-- 

Table I11 

-- 
3.2 

Table I1 

If the "aAximrua percent defectives acceptable" limit 
specified i n  table I is exceeded for one or =re l ine items, or if the total  
part rejects during steps 5 through 14 of the acceptance test  exceeds 25 
percent of the  procurement lot, then t h i s  may be grounds for failure and 
rejection of the entire procurement lot. In either such event, the f i n a l  
acceptance or re3ection of the procurement l o t  sha l l  be made by the prime 
contractor with approval by the  designated representative of the X M A .  
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4.4 Qualification Test 

4.4.1 General Requirements for Part Qualificatioc Testinq 

Part qualification tests are required to be: 

a. Perfolrmed by the part manufacturer for each procurement 
lot 

b. Performed on 82 parts which have been selected in approxi- 
mately equally spaced intervals throughout the production lot, and have pas. 
the acceptance test in conformance with 4.3 of this specification and 4.3 0.  

the applicable detail procurement specification. 

e. In conformance with the requirements of 4.4 of this spec- 
ification and 4.4 of the applicable detail procurement specification. 

4.4.2 Qualification Test Requirements 

The qualification test shall be conducted in conformance with 
figure 1 and table 11. 
meet all the criteria in table I1 may be grounds for failure of the qualifi- 
cation test. 
jection of the procurement lot shall be made by the prime contractor with 
approval by the designated representative of the NASA. 

Any failure, during part qualification testing, to 

In the event of any such failure, the final acceptance or re- 

4.4.2.1 Control Group for Electrical Measurements 

Five transistors (group A) shall serve as the control 
group for all electrical measurements called for i n  the qualification test of 
table 11, 
measurements are performed for any group B or group C tests. Each time a group 
B or group C electrical test is performed, the five parts in group A shall be 
subjected to the same electrical test, using the same equipment and procedures. 

Group A shall be electrically measured before any electrical 
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TABU 11.- QUALIFICATION TEST 

Pest 
;roup 

A 

B 

C 

D - 

Quantity 

5 

25 

50 

2 

Test 

Control Group for Electrical 
Measurements 
1. Electrical End Points (Initial) 
2. Vibration 
3. Electrical End Points 
4. Acceleration 
5. Electrical End Points 
6 .  Mechanical Shock 
7. Electrical End Points 
8. Moisture Resistance 
9. Electrical End Points 

LO. Thermal Resistance 
U. Solderability 
L2. Terminal Strength 
L3. Solvent Resistance 
14. Hermeticity 
L5. Electrical End Points 
1. Operation Life and Parameter Drifi 

Measurements 
Construction Analysis 

Methods I 
Section 
in This 
Spec 

4.4.2.1 

4.2.13 
4.2.14 
4.2.13 
4.2.15 

4.2.13 

4.2.13 
4.2.16 

4.2.17 
4.2.13 
4.2.18 
4.2.19 
4.2.20 
402.21 
4.2.10 
4.2.13 
4.2.22 

4.2.23 
I 

td Criteria 
Section in 
Applicable 
Detail 
Procurement 
Spec 
Table I1 

Table IV 

Table IV 

Table I\' 

Table IV 

Table IV 
Table IV 

0- 

-- 
0. 

-- 

00 -- -- -- 
Table IV 
Table IV 

3-2, 3.3 
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5.1 Documentation Required with Delivery 

For a l l  t ransis tors  procured under this specification, the doxments 
defined i n  the  subsections below sha l l  be delivered with the t ransis tors  t o  the 
procuring activity.  
prime contractor. 
contained on sheets 8-1/2 by 11 inches, o r  standard electronic accounting ma- 
chine printout. 
part manufacturer's authorized representative and by his product assurance 
manager (or quality manager) . 

I n  addition, a copy of each sha l l  be forwarded t o  the 
All such documentation (including data records) shall be 

Each of the documents required below sha l l  be signed by the 

5.1.1 Certif icate of Compliance 

After a l l  the requirements of t h i s  specification and the appli- 
cable detail procurement specification have been fu l f i l l ed  and verified,  the 
part manufacturer sha l l  so s t a t e  i n  a peer t i f iea te  of Compliance, 1% 

5.1-2 Fabrication Record Report 

A "Fabrication Record Report" shall be prepared by the part 
manuf'acturer,defining for the procurement lo t :  

a. 

b, 

A copy of a l l  aonconfomances and waiver/deviations, 

A copy of' a l l  change notification forms submitted (see 
1.6 herein). 

e. A correlation (tabulation) of individual t rans is tor  serial 
numbers and date codes. 

d, A copy of' the manufacturing flow chart (see 3.5.3 herein). 

5.1.3 Acceptance Test  Report 

An "Acceptance Test Repor t"  sha l l  be prepared, containing for 
the procurement lo t :  

a. A l l  the test data required unaer 4.3 of this specification 
and 4 . 3 of the applicable detail  procurement specification. 

b. A summary of the acceptance test results, including an 
itemization by s e r i a l  number of a l l  fa i lures  i n  each test group and a descrip- 
t i on  of the fa i led  parametes of each failed part. 

5.1.4 Qua l i f i ca t ion  Test Report 

A "Qualification Test Report" sha l l  be prepared, containing for 
the procurement lot: 
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a. All t t c  test data required under 4.4 of this specification 
and 4.4 of the applicable de t a i l  procurement speciflzatlon. 

b. A summary of the qualification test results, including a 
f u l l  description of any test fai lures  and identification of failed p a r t s  by 
s e r i a l  number . 

5.2 Record Retention Require3 

For a l l  the t ransis tors  procured under th i s  specification, the records 
and documents defined below shall be retained by the part manufacturer, and 
kept complete and available fo r  a minimum of 5 years after completion of the 
procurement lo t .  
contractor and the NASA-designated representative. These requirements apply 
t o  both accepted and redected procurement lots.  Where data i s  recorded, the 
film, tape, o r  other media shall be identified with the requirements of' this 
specification or the applicable de t a i l  procurement specification. Inspection 
and test records shall. include the E L  part number, part se r i a l  numbers, pro- 
curement l o t  number, date code, inspection o r  test number, and the inspectors' 
and test operators' identity. 
should be traceable t o  the specific part t o  which they apply. 

These recort?s and documents shall be available t o  the prime 

The intent is  that this data and information 

5.2.1 Copy of' Delivery Ibcumentation 

A copy of the documentation required fo r  delivery under 5.1 
above shal l  a lso be retained. 

5.2.2 Tes t  Procedures 

Procedures fo r  acceptance testing and qualification testing, 
as required i n  4.1.4 herein, shall be retained. 

5.2.3 Fbdiograp hs 

One complete set of radiographs for the procurement l o t  shall 
be retained. 
identify the radiograph with the specific part shown. 

Each radiograph sha l l  carry a serial number o r  code l e t t e r s  t o  

5.2.4 Manufacturing Controls 

The manufacturing control records and documents required 
under 3.5 herein sha l l  be retained. 

5.2.5 Traceability 

Traceability shall be mintained i n  conformance t o  3.6.1 
herein. 
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5.2.6 Serialization 

The records of! assigned serial numbers shall be maintained as 
specified in 3.6.4 herein. 

5.2.7 Product Assurance 

The product assurance documentation required under 3.7 herein 
shall be retained. 
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6. PAIiTS DISPOSITION 

6.1 Disposition of Par ts  

6.1.1 Acceptable Par ts  

Parts which have passed the requirements and c r i t e r i a  f o r  
acceptance test  specified i n  4.3 of th i s  spedf i ca t ion  and 4.3 of the appli-  
cable d e t a i l  procurement specif icat ion shal l  be impounded and placed i n  bonded 
storage t o  await (a )  the sat isfactory completion of acceptance t e s t ing  by the 
en t i r e  procurement l o t  , and (b) the sat isfactory completion of qual i f icat ion 
tes t ing.  
packaged and shipped as  described i n  6.2 and 6.3 herein. 

Upon sat isfactory completion of these two events, the parts sha l l  be 

6.1.2 Bonded Storage 

The bonded storage area shall  provide physical protection f r o m  
the environment a t  a room temperature of 25' &lo" C and humidity of 70 percent 
o r  less. Transistors stored i n  the bonded area for  more than 6 months sha l l  
require  sat isfactory re-test of the  e l e c t r i c a l  character is t ics  measurements 
specified i n  4.2.4 herein. 
storage area shall  be removed only f o r  shipment. 
only under the surv*eillance of the par t  manufacturer's product assurance o r  
qual i ty  assurance personnel. The t ransis toys,  on f i r s t  en ter ing  bonded s tor-  
age, sha l l  be contained i n  the individual containers defined i n  6.2.1 herein, 
and except fo r  possible re-test, the t rans is tors  sha l l  not be removed from 
these containers u n t i l  a f t e r  delivery. 

Transistors impounded and stored i n  the controlled 
Transistors sha l l  be removed 

6.1.3 Disposition of Failed Parts 

Transistors t h a t  f a i l  during t h e  acceptance o r  qual i f icat ion 

Cstsstrophic f a i lu re s  i n  
test shall be removed from the l o t  t o  be shipped, c lear ly  marked, and retained 
by the .part manufacturer f o r  a minimum of 5 years. 
the acceptance test, and a l l  f a i lu re s  during the qual i f icat ion t e s t ,  sha l l  be 
subjected t o  failure analysis.  Transistors that are rejected by the prime con- 
t r a c t o r  o r  any subcontractors for nonconformance and returned t o  the part manu- 
fac turer  s h a l l  not be resubmitted without prior wri t ten approval of the prime 
contractor and the desfgnated representative of the NASA. 

6.1.4 Qual i f icat ion Samples 

Upon sa t i s fac tory  completion of the qual i f icat ion test t o  the 
requirements of 4.4 of t h i s  specif icat ion and 4.4 of the  applicable d e t a i l  pro- 
curemefit specif icat ion,  the  qual i f icat ion sample t rans is tors  sha l l  be c lear ly  
mark&, packaged separately, and delivered t o  the prime contractor. 
vidual containers f o r  this application shall  be marked as requi red  i n  6.2.1 
herein, and with the additional ident i f icat ion "QUALIFICATION SAMPLES - NOT FOR 
F'LIGHT USE." This additional information sha l l  also  be carried on the  shipping 
container required i n  6.2.2 herein. 

The i n d i -  
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6.1.4 . 1 .I. Control Group Samples 

Tht. individual  containers f o r  the f i v e  t r a n s i s t o r s  
serving a s  t h e  control  group (see 4.4.2.1 herein)  s h a l l  be marked with the 
addi t iona l  i d e n t i f i c a t i o n  "CONTROL GROUP". These pa r t s  s h a l l  be re tained by 
the  part manufacturer f o r  5 years a f t e r  completion of the qua l i f i ca t ion  test. 

6.1.5 Rejection 02 Procurement Lot 

Any of t he  conditions l i s t e d  below may be grounds f o r  the f a i l -  
ure and r e j e c t i o n  of the e n t i r e  procurement lo t ;  i n  such an event, the f i n a l  
acceptance o r  r e j e c t i o n  of the procurement l o t  s h a l l  be made by the prime con- 
t r a c t o r  with approval by the designated representa t ive  of the NASA: 

a. Change by the part manufacturer i n  mater ia l ,  design, con- 
s t ruc t ion ,  or  process cont ro l  f o r  the  NSL t r e n s i s t o r  a f t e r  negot ia t ion and 
prior t o  completion of the procurement. 

b. Fa i lu re  t o  respond t o  the  change notLfication requirements 
of 1.6 herein. 

c. Failure t o  successful ly  complete product requirements f o r  
the procurement lo t ,  a s  defined i n  sect ion 3 of this  spec i f ica t ion  and/or sec- 
t i o n  3 of the appl icable  de t a i l  procurement' spec i f ica t ion .  

d .  Fai lure  t o  meet the acceptance-test y ie ld  requirements of 
4.3.3 herein.  

e. FaiJ.1-ire of the qua l i f i ca t ion  test as defined i n  4.4.2 
herein. 

f. Nonconformance t o  the requirements of t h i s  spec i f i ca t ion  
o r  the appl icable  d e t a i l  procurement specif icat ion.  

6.2 Packaging of Parts for Delivery 

6.2.1 Individual  Containers 

The lowest l e v e l  of packaging of the t r a n s i s t o r s  shal l  have 
the following cha rac t e r i s t i c s :  

a. The individual  t r a n s i s t o r s  s h a l l  be supported by the case, 
with the terminals  free and protected, i n  a manner t o  provide maximum protec- 
t i o n  from shock and v ib ra t ion  during t r a n s i t  and handling. 

b. The pa r t s  s h a l l  be ind iv idua l ly  packaged i n  separate  o r  
separable containers,  or  severa l  t o  a container provided the p a r t s  a r e  i so l a t ed  
from each other within the  ove ra l l  container. 
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c. The individual  containers s h a l l  provide f u l l  protect ion 
from dust,  humidity, or  gaseous contatnination. 
t a i n e r  i n  sealed polyethylene bags i s  preferred. 

Placing each ir??ivldual con- 

d. The individual  container s h a l l  have one o r  more t ransparent  
surfaces  t o  permit v i s u a l  inspection of the  contents and pa r t  marking. 

e. The individual  containers shal l  be r i g i d  so a s  t o  prevent 
the movement of pa r t s  within t h e  container. 

f .  Each inc?ividual container sha l l  be marked with the  follow- 
ing  information: 

Part manufacturer's name 
NSL par t  number (e.g., NSL-401/3) 
Lot da te  code ( see  3.6.3 here in)  
S e r i a l  number ( see  3.6.4 here in)  
Purchase order number. 

g. Marking on the individual  container sha l l  conform t o  the 
l e g i b i l i t y  requirement of MIL-STD-129. 
a l l  information s h a l l  be l e g i b l e  on the outs ide  of the  container. 

Pr in t ing  o r  stamping may be used, and 

h. Parts which may be damaged by electromagnetic o r  e l ec t ro -  
s t a t i c  e f f e c t s  s h a l l  be completely enclosed i n  a nonmagnetic e l ec t r i ca l  con- 
ducting material ,  such a s  lead o r  aluminum f o i l .  I n  t h i s  event, t h e  case 
transparency requirements of (d )  above do not apply. 

6.2.2 Shipping Containers 

The individual  containers s h a l l  be packed i n  shipping con- 
t a i n e r s  of the type, s i ze ,  and kind commonly used fo r  the  purpose. Shipping 
containers s h a l l  comply with the Uniform Freight C las s i f i ca t ion  Rules o r  
regulat ions of o the r  c a r r i e r s  a s  appliTable t o  the mode of t ranspor ta t ion  
employed. Individual  containers s h a l l  be packed within the shipping container 
i n  a manner t o  provide maximum protect ion from shock, v ib ra t ioc ,  and weather 
during t r a n s i t ;  and i n  the order of ascending s e r i a l  numbers cr groups 09 
s e r i a l  numbers t o  f a c i l i t a t e  and minimize handlirlg subsequent t o  del ivery.  

6.2.3 Marking of Shipping Containers 

Each shipping container s h a l l  be marked with the pa r t  manufac- 
Each turer's name, NSL part number, l o t  da te  code, and purchase order number. 

shipping containei  s h a l l  be marked on each surface with the following legend 
i n  bold letters:  
AUTHORIZED PERSONNEL ONIY." 

"FRAGILE - NASA SPECIAL LONG-LIFE P m S  - TO BE O m  BY 

6.3 Delivery of Parts 

For t r a n s i s t o r s  procured under t h i s  spec i f ica t ion ,  a l l  the z rans i s to r s  
i n  the procuremer:t l o t  (defined i n  3.6.5 of t h i s  spec i f i ca t ion )  s h a l l  be 
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delivered t o  one address; t h i s  address s h a l l  be as def ined i n  t h c  procurement 
order.  The shipping containers shall be delivered i n  t h e  manner which, under 
t h e  given circumstances, w i l l  result  i n  t h e  minimum exkasure t o  shock, vibra-  
t i o n ,  weather, delay, extremes of any kind, o r  unexpected exigencies. The 
receiving a c t i v i t y  and t h e  prime contractor  ( i f  d i f f e r e n t  ) shall be no t i f i ed  
of the means and time of delivery.  
expedite any problems i n  t r a n s i t .  

I f  necessary, the par t  manufacturer sha l l  
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,' ABBFWIATIONS, SYMBOLS, AND DEFINITIONS 

7.1 MIL-S-19500 Terms, Abbreviations, and Syrbols - 
Except a s  indicated i n  7.2 below, the  terms used herein and i n  the  

d e t a i l  procurement specif icat ions are defined i n  Pppendix A, and the a tbrev i -  
a t ions  and symbols a r e  defined i n  appendix B of MIL-S-19500. 

7.2 Definit ions of Additional Abbreviations and Symbols 

Abl~reviatilbna and eymbols not covered i n  MIL-S-19500 a re  defined 
below. 
cable de+,ail procurement specif icat ion.  

OtY&er abbreviations and symbols, when used, a r e  defined i n  the appl i -  

7.2.1 Bipolar Transis tors  

h i t t e r  t r ans i t i on  capacitance Cte 
Inverted s t a t i c  forward-cue:ent t r ans fe r  ratio (sanie 
as h, except that the t r a n s i s t o r  i s  imerted) kLFE(inv) 

Input power pin 
P Output power out 

q ( e t a )  Collector eff ic iency,  defined as A' dc Ever wer out in 

Stored charge 
Q, 

Collector-to-base time constant 

On-state series r e s i s t snce  ( the  r a t i o  of' ac col- 
l e c t o r  voltage t o  ac collect\- .r  current)  

rb'Cc 

rec(on) 

VcE( sus ) Collector-to-emitter sustaining voltage,  open base, 
measured a t  a current where the breakdom voltage 
i s  a minimun 

(sus) C o u e z t o r b e m i t t e r  sustaining voltage,  res i s tance  
return,  measured a t  a current where the breakdown 
voltage i s  a minimum 

vcER 
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7.2.2 Transistor Matched Sets 

Forward current t ransfer  r a t io ,  condition A. 
(Analogous symbols , etc.  represent 

conditions B, C, etc.)  C 
hFEA 

hFE 2 

Matching r a t i o  of forward-current t ransfer  
ratios (each s i d e  is measured i n  accordance witn 
MIL-SXL9-750, method 3076). 

(not neces- 

sarily of side 1). 

The lowest of the two 
measuremerts i s  recorded as  h 

FE1 

Absolute value of the difference i n  base-to- 
emitter volteges (each s i d e  i s  measured i n  
accordance with MIL-STD-750, method 3026). 
is not necessarily Vm of s i d e  1. 

AlVBE2-VBE1( Change i n  base-to-emitter voltage d i f fe ren t i s l  
over the  specified temperature range 

'v%ov?l 

hTA 
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10. SCOPE 

10.1 This appendix establishes the requirements, t e s t  conditions, and 
methods for  X-ray inspection of transistors f o r  verification of physical 
attr ibutes.  

20. TEST MGTHODS AND CARITEEUA 

20.1 Acceltance Criteria 

S Z ,  - -.usistor supp l i ed  shal l  be radiographically inspectea i n  
acccrdance with the tzst conditions and methods of t h i s  appendix and shal l  
meet the c r i t e r i a  specified. 

20.2 Abnormality of Construction 

Acceptable X-ray l o t s  shal l  be of a homogeneous construction. Con- 
skruction shall be as specified i n  the applicable de t a i l  procurement specifi- 
cation, and p a r t s  deviating f r o m  the specified construction sha l l  be rejected. 

20.3 Examination 

The t ransis tor  examination shall '  include, but  not be l imi t ed  to,  
inspection fo r  foreign particles,  solder splash, proper bond of lead t o  semi- 
conductor element aad lead t o  terminal post, and proper semiconductor-element 
mounting. 
struction arid workmanship. 

The transis tors  shal l  also be inspected f o r  high-reliabil i ty con- 

20.3.1 Element Support Aosts 

Eleme.it supmrt  pasts shall  not be bent more than 15 degrees 
f r o m  the ver t ica l  and s h s l l  be uniforn i n  length and construction. 

20.3.2 Lead W i m  

The lead w i r e  s h a l l  not extend beyond the post by a distance 
greater than twice the diameter of the  wire. Lead wires shal l  not be pul led  
tight unless specifically designed i n  this manner, such as t ransts tors  using 
cl ips  o r  rigid interconnection leads. However, there sha l l  be no loops o r  
excessive bends i n  the lead w i r e .  
not extend beyond the top of the post more than twice the diameter of the lead 
wire. 

Any bends or  curves I n  t h e  lead wire shal l  

(See figures B-1 through B-6.) 
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20.3.3 Semiconductor Element b u n t i n 6  

The semiconductor element sha l l  be mounted and bonded so 
that  it i s  not tilted more than 10 degrees from the normal mounting surface. 
Where the bonding agent accumulates around the perimeter of the  semiconductor 
element and touches the side of the semLconductor element, it sha l l  not accumu- 
l a t e  t o  a thickness greater than the thickness of the semiconductor element 
(see figure B-7). 
semiconductor element, the buildup shs l l  not be greater than twice the thick-  
ness of the semiconductor element. 

Where the bonding agent is b u i l t  up but i s  not touching the 

20.3.4 Extraneous Material 

There shal l  be no v i s i b l e  actraneous material 0.001 inch o r  
Loose bonding tlaterial m a l l  be considered ex- larger i n  the major dimension. 

traneous material. 
considered extraneous unless it fai ls  t o  meet the requirements of 20.3.3 (see 
figure Bo?), or  unless the accumulation of bonding Baterial is i n  the pedestal 
form (see figure B-3). 

Ekcessive (but not loose) bonding material shal l  not be 

20.3.5 Clearance 

Acceptable t ransis tors  shall exhibit adequate internal 
clearances. The m i n i m u m  distance between e lec t r ica l  counections on the  post 
(or  the post proper) and the nearest point on the case o r  header, a s  well as 
the minimum distance between the lead wire and the case o r  header, sha l l  be 
equal t o  the  diameter of the element post proper (except f o r  the short distance 
between the lead  and header i n  the v ic in i ty  of the bond of the lead t o  the 
semiconductor element) . 
mount vertical ,  the minimum clearance sha l l  be 0.002 inch between the  semicon- 
ductor-element mount and the header, and between the semiconductor-element 
mount and the case (see figure B-8). 

I n  t ransis tors  that  have t h e  semiconductor-element 

20.3.6 Extra Wires 

There sha l l  be no w i r e s  present other than those connecting 
specific areas of the t ransis tor  semiconductor element t o  the  external leads, 
except where the design of the t ransis tor  ca l l s  f o r  the use of such additional 
wires. 
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POST DISTANCE GREATER 
THAN TWICE THE 
DIdUiETER OF THE WIFE 

UNACCEPTABLE - SHARP 
BENDS 

ACCEFL'ABILE BEND6 ON WIFE A- 

FIGURE B-1. ACCEPTABLE AND UNACCEPTABLE BENDS ON INTERNAL I;EADS. 

NSL -A4 01 
Sheet 39 



UNACCEPTABIX I F  DISTANCE A 
EXCEEDS TWO TIMES DIAMETER 
OF WIRE CONNECTING 30ST TO 
SEMICONDUCTOR ELEMENT 
(APPROX 0.095 INCI;) 

UNACCEZTABLE WIRES SAG TOO 
MUCH AND TK8 CIX)SE TO SEMI- 
CONDUCTOR ELEMENT 

n G U R E  B-2. A C C E m A B U  AND UNACCEPTABLE aENT OF SAGGING INTERNAL LEADS. 
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ACCEPTABL8 u 

FIGURE B-3. ACCEPTABLE AND UNACCEPTABLE EXTRANEOUS MATERIAL BUILDUP. 
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UNACCEITABLE - KINKED WIFE T- 
UNACCEFIABLE - IN- 
TEFU’?AL WIRE LONGER 
THAN NECESSARY TO 
REACH BE;TwEEN POST 
AND SEMICONDUCTOR 
ELEmENT 

UNACCEPTABLE - Loom 
WIRE 

ACCEPTABLE 
UNACCElTABLE 

FIGURE B-4. OTHER TYPES OF ACCEPTABLE ANI) UNACCZXL’ABLE INTEFNAL LEADS. 
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UNACCEPTABLE - 
MISALIGWEWT 

u u  U 

FIGURE B-5. MISALIGNED INTERNAL LUTE. 

/- 
UXACCEPTABLE - 
LEADS Too LONG 

FIGURE B-6. INTEB3J.L LEADS TOO LONG. 

W I R E  
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ACCETABLE 
BUILDUP 

BUILDUP 
MOFE THAN 
1 X THICK- 
NESS OF 
SENI- 
CONDUCTOR 
ElXME2RT 

SENIC0NI;UCTOR ELEMENT f 
ACCEPTABLE U P  
T O 2 X T H I C  
OF SEMICONDUCTOR 
ELEmNT 

UNACCEPTABZIE BECAUSE BUILDUP 
CONTACTS SEMICONIXTCTOR ELEMENT 

FIGURE B-7. ACCEETABLE AND UNACCEPTABLE BONDING MATERIAL BUILDUP. 



UNACCEPllARLE I F  POST EXTENDS TO WITHIN ONE POST 
DJSfEZBR OF TRANSISTOR CASE UNLESS SPECIFTCALLY 
DESIGNED WITH POST WITHIN ONE POST DIAMEZER OF 
CASE 

FIGURE B-8. UNACCEPTABLE INTE€WL CLEARANCE. 
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APPMDIX C 

1NTmAL VISUAL mmTIoF! 

10.1 This appendix contains the  methods ar,d acceptance c r i t e r i a  f o r  t h e  
irA:ernal v i sua l  examination cf physical dimensions, materials,  design, con- 
s t ruct ion,  and workmanship of t r ans i s to r?  The examination shall be performed 
pr ior  t o  seal ing o r  encapsulation t o  de t e  
i n t e rna l  defects. 

and eliminate t r ans i s to r s  with 

29. APPARATUS 

20.1 The apparatus f o r  this examination s h a l l  include op t i ca l  equipment 
capable ol the specified magx'fications (see :O.l) and any v i sua l  standards 
(gages, drawings, photographs, e t c . )  necessary '-0 p,orform an e f f ec t ive  exsmi- 
naticn. 

30.1 Examination 

Prior  t o  sealiug o r  encapsulation, ail t r ans i s to r s  shall be exam- 
ined with a binocular microscape under  8 ~ p o w e r  minimu! magnificatlon f o r  
semiconductor die defents and cnder 20-powei- minimum magnif icat im f o r  header, 
d i e  attachaent,  bon'ing, a n a a  lead-wire defects.  Ver t ica l  i l lumination s h a l l  
be used men ncces f o r  detectior, of defects.  

30.1.1 Rejec-ilm Criteris ---- 

Ikvlces t ha t  ef i l ibi t  any of the following defects  s h a l l  be 
unacceptable. 

39.1.1.1 Semicorductor me k f e e t s  

a. Reduction of metal l izat ion width: Voids o r  

(See f igures  C-i and C-2.) 
scratches through the metall ization, causing a reductior, i n  the metLllization 
width t o  less than one-half of i ts  design width. 

b. &cess metall izetion: k r educ t im i n  the 
s i l i c c n  dioxide width between metal l ized areas t o  less than one-half the design 
width.  (See figure C - 3 . )  

c. Contact windows which are not completely 
covered with metall ization. 

3. Li f t ing  or  peeling of me ta l lha t ion .  
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e. Localized s ta ins  o r  other evidence of deter i -  
oration of d i e  surface o r  metal l izat im.  (See figure C-4.) 

f .  Exposed s i l icon:  Si l icon,  not covered by 
oxide, which exposes a junction or touches metal l izat icn (passivated devices 
only). 

g. Gross undercutting: Discoloration of t he  
oxide, indicst ing areas of gross undercutting caused by l i f t i n g  of the photo 
resist. 

h. A channel stopper which i s  nDt continuous 
through i t s  noma1 pat tern area. (See figure C-5.) 

i. Sol idly adhering foreign material which 
bridges two metallized areas, extends t o  the edge of the chip, COY-E,-S mcve 
than one-half the  metall ization width, o r  covers any part of a junction. 

j. Par t ic les  of metal o r  s i l i con  (including 
potent ia l ly  loose par t ic les )  which exceed 1 m i l  (0.001 inch) i n  9 major dimen- 
sion. (See f igure C-6.) 

k. Lint o r  othe-r so f t  nonconducting par t ic les  
which exceed 1 m i l  i n  a 3c,jcr dimension. 

1, Cracks and chips: Cracks, chips, o r  scr ibe 
l i nes  which touch o r  cross a jwiction o r  rcetallization. 
over more than 10 percent of the  surface of the die .  

No chip s h a l l  extend 
(See figure C-7.) 

30.1 . 1. 'L 

grees f r o m  perpendicular. 

m. Pinholes i n  the act ive area of the  die .  

Header Defects 

a. 

L. Bent header posts, inclined more than 10 de- 

Blistering o r  f laktng of gold plating. 

c. 

d.  

Bent o r  deformed header flanges. 

Insulated header post which i s  off' center by 
(See figure C-8.) more than 25 percent of radius length from ?enter of hole. 

e. Pinholes ;bulble:). A i r  bubblcs ir, the  qlass 
region which exceed one-fourth t k  area of t he  glass region. 
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30.1.1.3 D i e  Attachment Defects 

a .  Die which i s  not proper1.y oriented and not 
p a r a l l e l  with t h e  plane of t.he header within 10 degrees. 

b. Eutect ic  voids: Voids i n  t h e  e u t e c t i c  mate- 
r i a l  around t h e  d i e  periphery exceeding 20 percent of a side.  

c. Excess solder ,  e u t e c t i c  mater ia l ,  o r  gold 
( f i n i s h )  t h a t  may break away and become loose pa r t i c l e s .  

d. Extraneous gold ( f i n i s h )  on t h e  d i e  o r  header, 
o r  gold splashes on g lass  sea ls .  (See f igures  C-9  aqd C-10 . )  

30.1.1.4 Bondinn o r  Lead Wire D e f x t s  

a .  B m d s  which overlap t o  adjacent met21 o r  

(See f igu re  C-11.) 
another b a l l  bond, so t h a t  no s i l i c o n  dioxide can be seen between t h e  bond ani: 
t h e  adjacent metal when viewed v e r t i c a l l y .  

b. A bond whizh has less than 50 percent place- 
ment on the bonding pad. (See f igu re  C-12. ) 

e. Missing o r  broken bonds: Kinked o r  broken 
leads  . 

d. A b a l l  bond of f  its pad by more than 50 per- 
cent of i t q  diameter o r  which extends over a junzt ion (except mesa diodes). 
(See f igu re  c-13.) 

e. Ball bond s i z e s  grea te r  than three wire d i a -  
meters o r  less than two time: t h e  wire diameter. 

f .  P i g t a i l s  which a r e  longer than two wire dia-  
meters. (See figui-e C-14.) 

g. More than one bond a t t e a p t  f o r  each pad. 

h. Nicks, crimps, twis t ing ,  o r  scoring, which 
ciit o r  deform t h e  lead wire o r  reduce the  wire diameter by 10 percent o r  more. 

i. Taut lead between b a l l  bond and mst :  Maximum 
pemiss i l j l e  lead s lack  i s  defined a s  a chordal dis tance cf three wire diameters 
from t h e  outs ide d i sme te r  of a wire's po in t  of g rez t e s t  deviat ion t o  an i x i g t -  
nary s t r a i g h t  1,ne from bond t o  weld. (See f.7ure C - 1 5 . )  
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7 r 

!?EJECT 
(STA I NS) 

EXGURE C-4. STAINED CHTP 
AlqD METALLIZAIION. 
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FIGURE C-5. NONCONTINUOUS 
CHANNEL STOPPER. 

L 
I- 

FIGURE C-7. CRACKS, CIIIP-OUTS, 
AND SCRIBE L n I E .  

ACCEPT 

SMALLER 
TMAM t NIL 

H R I i C L E S  \ PARTICLES 
LARGER 
TMAM I MIL 

F I G L ?  C-6. LOOSE PARTICLE.' 
LARGE3 THAN 1 MIL. 

FIGURE C-8. HEADER PO:- . 
OFT CENTER. 



FTGURE C-9. WLD SPLA- 
ON DIE, 

F'IGURE C-11. BOND OVERLAPPING 
THE METAL. 

FIGURE C-10. -F3(TRANEOUS METAL 
ON DIE, GLASS, AND HEADER, 

ARLA OFF 
PAD 

FIGURE C-12. MISPLACED BOND:. 



FIGURE C-14. PIGTAILS 

@== 

mma e-15. LEAD CORFIGURATIONS. 
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NSL-AkOi/l 

DETAIL PROCUREMENT S?F,CIYICATION FCR 

NASA SPEXXAL LONG -LIIG (NSL) TRANSISTOR, TYPE NSL-b01/1 

1. scorn 

1.1 &! . .  i - .abi l i ty  

TLis  d e t a i l  procurement spec i f ica t ion  i s  pa r t  of t h e  system of Par t  
Control Fackages f o r  cont ro l l ing  NASA Special  Long-Life (NSL) pa r t s ,  described 
i n  NASA CR-66742-1, 
Package NSL-401/1, and def ines  t h e  d e t a i l  p a r t s  procurement requirements f o r  
t r a n s i s t o r s  , type NSL-401/1. This spec i f ica t ion  and t h e  general  procurement 
spec i f i ca t ion  f o r  NSL t r a n s i s t o r s ,  NSL-AbOl, a r e  mandatory whenever t r a n s i s t o r  
type NSL-401/1 i s  specif ied.  

This spec i f ica t ion  i s  d e t a i l  sec t ion  A of Par t  Control 

1.2 Par t  I d e n t i f i c a t i o n  

Th i s  d e t a i l  procurement spec i f ica t ion  covers a s i l i c o n ,  NPN t r a n s i s t o r  
intended f o r  use i n  low-level, low-noise amplif iers .  
under t h i s  spec i f i ca t ion  s h a l l  be iden t i f i ed  by t h e  type designation NSL-401/1. 
The JEDEC part type which has the most s imi l a r  e l e c t r i c a l  and mechanical char- 
a c t e r i s t i c s  i s  t h e  2N2484; however, t h i s  information i s  provided herein f o r  
reference purposes only, ar,d the  dmEC pa r t  type should not be used lnstead of 
t h e  NSL-401/1 f o r  purposes o ther  than for  breadboards and e a r l y  development 
models. 

Trans is tors  procured 

1.3 Part  Manufacturer I d e n t i f i c a t i o n  

Trans is tors  procured under this  d e t a i l  procurement spec i f ica t ion  shal l  
be manufactured by, and obtained d i r e c t l y  and only from: 

Name : National Semiconductor Corp. 
Address : 

Code I d e n t i f i c a t i o n  Number: 01295 

P. 0. Box 443 
Danbury, Connecticut 06813 

1.4 Deviations 

Tne requirements of 1 .4  of NSL-A401 apply. 

1.5 Revision Ver i f i ce t ion  - 
The requirements of 1.5 of NSL-Ab01 apply. 
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1.6 Change Notification 

Storage temperature range 
Operating temperature range 
Junction temperature 
Yollector-to-base voltage, emitter open 
Collector-to-emitter voltage, base open 
Emitter-to-base voltage, collector open 
Collector power dissipation 

Derate above 25' C ambient (in free air), 

The requirements of 1.6 of NSL-AhOl apply. 

I - 

2 APPLICABLE MCUMENTS 

2.1 Docmer,ts 
g.18 

The general procurement specification for NASA Special Long-Life 
(NSL) transistors, NSL-AbOL, forms a part of this specification. 
ments listed in 2.1 of NSL-A401 form a part of this document to the extent 
specified herein and within the limitations of 2.2 of NSL-ASO1.) 

(The docu- 

2.2 Conflicting Requirements 

The requirements of 2.2 of NSL-AkOl apply. 

3. PRODUCT IIEJJJIREMENTS 

3.1 Electrical Characteristics 

The electrical characteristics shall be in accordance with 3.1.1 and 
3.1.2 below. 

3.1.1 Maximum Ratings 

The maximum ratings, at an ambient temperature of 25' 53" C 
unless otherwise specifred, shall be as shown in table I. 

- 
-65" to +200° c 
-55" to +150' C 
+200° c 
60 v 
63 v 
6.0 v 
0.36 w 
2.06 mW/' c 

3.1.2 Electrical Requirements 

The electrical requirements shall be as specified in table 11. 

3.2 External Physical Characteristics - 
The external physical characteristics of the transistors shall be as 

shown in figures 1 and 2. The general requirenients of 3.2 of NSL-AbOl a lso  
apply 



3.3 ,Internal Physical Charac ter i s t ics  d- 

The i n t e r n a l  physical  cha rac t e r i s t i c s  of the t r a n s i s t o r s  shall w :  as 
shown i n  f igures  r, and 3. The general  i,equlrernents GC 1.3 o f  MSLl-A401 zlso 
a m y  

3.4 Environmental Compatibility 

The requirements of 3.4 01 SSL-A401 apply. I n  addition, t he  tran- 
s i s t o r s  s h a l l  be capable of meeting the following environmentd requirement: 

3.4.1 Radiation Resistance - 
The t r a n s i s t o r s  s h a l l  be capable o f  withstanding B gamma 

rad ia t ion  dose of not  less than 
performar.:?. 

rads ( S i )  without degradation of 

3.5 Manufacturing Controls 

The requiremeats of 3.5 of  NSL-A401 apply 

3.6 Iden t i f i ca t ion  - and Traceab i l i t y  

The requirements of 3.6 o f  NSLA40iL apply. 

3.7 Product Assurance 

The requirements of 3.7 o f  NSL-Ah01 apply. 

4. TEST i '  'JIREi\BJYTS 

4 .1  Controls Required Over Test inq.  

The requirements of 4.1 of NSL-AbOl agply. 
.____ _ _  _ -  - - -  

4.2 Test Methods and Cr i t e r i a  - 
The t e s t  methods and c r i t e r i a  specif ied i n  4.2 of NSL-AkOl apply. 

Tables I through IT' and figures 1 through 3 herein apply a s  specif ied :r h.2 
of IJSL-A401. 

4.3 Acceptance - Test 

Tne requirements of 4.3 of NSL-AbOl apply. Tke burn-in t e ~ t  condi- 
t i o n s ,  parameter d r i f t  measurements, acceptable limits, tnd d r i f t  c r i t e r i a  a re  
provide? i n  t a b l e  I11 herein. 

4.4 Qual i f icat ion Test 

The requirements of 4.4 of NSL-A40? apply. The qua l i f i ca t ion  test  
conditions, e l e c t r i c a l  end-points ,  opera t ion- i l fe  parameter d r i f t  measurements, 
and c r i t e r i a  a r e  provided i n  t ab l e  IV herein. 
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Pulsed: Azlse width d 300 psec, duty cycle 5 24. 
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Test 

S U h E U E  2 
(Contin= 

%E 

%% 

vcs( sat) 

5 

6 

Subgroup 3 

h oe 

h re 

ie h 

hfe 

Subgroup 4 

I hfel 

'ob0 

TABLE I1 
Test 
Method 

MIL-SII)-'TsO 

'ELEmucALm 
Conditions 

-~ ~~ 

v m = 5 v  
IC = l n A  

v c s = 5 v  
IC = 10 mA I/ 
IC = 1.0 mA 

IB = 3.1 mA 

v,=5v 

IC 

v,=5v 
IC = 1.0 mA 

VCE = 5 v 
IC = 1.0 mA 

VCE = 5 v 
IC = 1 m A  

VCE = 5 v 
IC = +1 mA 

= loo PA 

f =1m 

'CE = 5 
I~ = 500 p~ 

f = 3 0 m  

VCB = 5 v 
IE = 0 

100 lrHz5fSl MHZ 

250 min 

800 min 

0.3 -X 

0.5 min 
0-7 -X 

0 min 
40 max 

0 min 
4 

max 

3.5 K min 
24 K max 

250 min 

900 max 

8.0 x io 

20 min 

70 max 

5.0 max 

I t U E  
7 
+150° c 



TABU3 11 
Test 

Method 
MIL-m-750 

Limit 
TA = 

Ex4ETRIcALREQL 
Conditions at  Tempe 

TA = 

vsB = 0.5 v 
IC = 0 
loo m a f r l  MHZ 

f = l o o H z  
v, ,=5v 
IC = 10 fl 
R = 10 kdlohms 

f = I l r H z  
43 

VcE = 5.0 V 
= 10 pA 

R = l O k i l o h m ~  

f =lokHz 

IC 

g 

v m = 5 v  
IC = 10 pA 

R = 10 kilofims 
g 

VCE = 5 v 
IC = 10 pA 

R = 10 kilohms 

Power bandwidth 
of 15.7 kEz with 
3 db points a t  
10 Hz and 10 kHz 

g 

-55" c + 2 5 O  c 

6.0 ~ S X  

7.5 max 

3 rnax 

2 max 

3 max 

ature 
!?A = 

+150° c 

Units 

Pf 

db 

db 

db 

db 

B L - A ~  o i / i  
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Test and Conditions I 
Reverse-bias high 
temperature life 

( b t  applicable) 

= 2 5 O  23" c 
~ TA 

Vm = 30 V 

pT = 0.36 w 
Parameter drift 
measurements: 

IEBO 

'CE( sat ) 

w2 

Test 
Method 1/ 

ice6 

Table II 
herein 

Table I1 
herein 

Acceptable 
Limits 

Table II 
herein 

Table I1 
herein 

Drift Criteria 

or 5 d-, 
whichever is greater 

100$ or 1 n ~ ,  
whichever is greater 

20.1 v 

Applicable method of MIL-STD-750 (unless otherwise specified). 

NSL-AkOi/l 
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TABLE IN. - QUAIJFICATION TEST CONDITIOI'?S, ELECTRICAL EXD-POINTS, 
OPWATION-UFE PARAME'SEP, DRIFT M E A S U J S ,  AND CFUTEEUA 

~ 

Test and Conditions 

Thermal resistance: 

V2 = 30 V 

= 1 m A  IC 

T1 

T2 = +125u +-3" C 

= +25" +-3" c 

Operation l i f e :  

= +25* +-3* c TA 

t = 2000 f24  hours 

vCB = 30 v 

pT = 0.36 w 
ElectTical end-points 
and operation-life 
parameter d r i f t  measure- 
ments (a t  2 5 O  +3" c): 

ICBO 

-% 
'CE( s a t )  

'BE 

m2 

Test 
Method 

3132 

1026 

Table I1 
herein 

Table I1 
herein 

Acceptable 
L i m i t s  

486"C/W max 

Table I1 
herein 

Table I1 
herein 

Drift Criteria 

Table I11 
herein 

Table III 
herein 

1/ Applicable method of MIL-STD-750 (unless otherwise specified ). 
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SMTING PLANE- - 1  - 

,090 

A36 

E U O  R 

1. JHln#: TO-18 PA- 

FIGURE 1. - PHYSICAL CITARAcrWZSTICS 
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BASE 
KOVAR 

C H I P  '(SEE FIGURE 3) 
EUTECTICALLY BONDED 

PL AT E 
(OR EQl 

WELOEO TO BAS€ 

-POST H E  ICllT .01 go21 
POST GLASS BEAD 

.027 DIA MIN 

GLASS TYPE D-120 
HIGH TEMPERATURE 

EXTERNAL LEADS TYPE K 
PER M I L m -  I276 (KOVAR Of? 
EQUIV) .016/019 DIA 
COLO BLATED 7op INCH 
M IN, TYPICAL 

GOLD PLATED 
70p INCH MIN 

nm 2. cRoss-sEcTIoNAL, CHARACT.ERIsTICS 

N S L - A ~ O ~ / ~  
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BASE CONTACT, 
METALIZED SURF 

EM I TTER CONTACT, 
METAL I I E 0 
VACUUM DEFGSITED ALUMINUM 

SUR FAC E, 

V A C U U M 0 E PO5 I T E 0 
ALUMINUM PASS1 VATION f I LM, 

5UCOhi 310XIDE 6000/8CCO 8 

CHIP CONTACT 
METALIZED SUR 
VACUUM OEPOS 
GOLD ANTIMON 

COLLECTOR 
PHOSPHORdUS OOPEO SILICON 

-EASE, BORON DOPED 1 L : C L : E C R q N  
PHOSPHOROUS DOPED 
SILICON 

SECTION A - A  

1. SEMICONDUCTOR PROCESS: . FUNAR 

FTGURE 3. CHARAcllERISTICS OF SILICON CHIP 
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5 DLTUMEXT’ATION REQUIREslENTS 

5 .1  Documentation Required with Delivery 

The requirements of 5.1 of NSL-A401 apply. 

5.2 Record Retention 

The requirements of 5.2 of NSL-A401 apply. 

6. P m S  DISPOSITION 

6.1 Disposi t ion of P a r t s  

The requiremenis of‘ 6.1 of NSL-A401 apply. 

6.2 Packagiw of P a r t s  for  Delivery 

The requirements of 6 . 2  of NSL-A401 apply. 

6.3 Delivery of Parts 

The requirements of 6.3 of NSL-A401  apply. 

7. ABBREXIATIONS, SYMBOLS, ANI) D I E U I T I O N S  

The abbreviat ions,  symbols, and d e f i n i t i o n s  provided i n  NSL-AbOl apply. 

h. . A401/1 
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NSL-BbOl 

GESEWU DESIGN APPLICATION SPECIFICATION FOR 

NASA SPECIAL LONGLIFE (NSL) TRANSISTORS 

'm SCOPE 

1.1 Applicability 

This specification is part of the system of T v t  Control Packages for  
controlling NASA Special Long-Life (PEL) p a r t s ,  described i n  NASA CR-66742-1. 
This specification is general section B of Par t  Control Package NSE401, and 
defines t h e  general design appltcation requirements for a l l  E L  t ransis tors .  
This specification and t h e  applicable de t a i l  procurement specification, NSL-B401/ 
- 9  are mandatory whenever E L  t ransis tors  are specified. 

2. APPLICABLE DOCUMENTS 

2.1 Documents 

The following documents form a part of t h i s  specification t o  t h e  extent 
Unless otherwise specified herein, the ' issue in effect on t h e  syecified herein. 

date of t h e  part procurement contract sha l l  apply. 

SFZCIFICATIONS 

IIISEB401/! D e t a i l  Design Application Specification for 
NASA Special Long-Life (NSL) m n s i s t o r  

2.2 Conflictinb: Requirements 

I n  t h e  event of conflict  between the  requirements of t h i s  specification 
and any of t h e  documents specified herein or i n  t h e  applicable detail design 
application specification, the order of precedence shall be as follows: 

a. 
t i o n  specification. 

The applicable NASA Special Long-Life (IUSL) de t a i l  design spplica- 

b. This general design application specification. 

c. Specifications referenced herein or in t he  applicable d e t a i l  design 
application specification. 

NSL-B401 
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3. DESIGN APPLYATION REQUlREMENTs 

3 . 1 Des ign L i m i t a t  ions 

3.1.1 Temperature 

The aost universal l imitation t o  semiconductor performance is 
junction or  die  temperature. Normally, the temperature l i m i t  of a t r a n s i s t o r  is 
imposed by the die  materiel. In  many parts, other materials (such as metalliza- 
t i on  and passivation) and i n  encapsulated devices, however, the package material 
establishes the upper tenzperature l i m i t  of the device. 

Above 200°f:, changes i n  the diffused properties of s i l i con  occur 
much more rapidly, and par t s  whose characteristics a r e  extremely sensit ive t o  
changes i n  t h e  impurity distribution may be derated from 200" to  1 7 5 O C .  Other 
parts may be rated a t  only 1 7 5 O C  because of the metallization system. Some sys- 
tems (particularly gold on aluminum, o r  gold on sil icon) are  prone t o  deteriora- 
t i on  over extended time at nigh temperatures. 
widely different temperatures across the die due t o  voids i n  the die-header 
bond, and fo r  t h i s  reason may be rated a t  only 150°C. 
a l so  use varnishes Over t h e  die  t o  a id  i n  t h e  control of leakage currents; var- 
nishes may impose a l i m i t  of 15OoC. 

Iarge power t ransis tors  may have 

Many of these t ransis tors  

In  ad6ition t o  the establishment of an upper l i m i t ,  operating 
temperature is  a rnajor factor  i n  semiconductor reliabili",. Heat degrades bulk 
characterist ics and has a degenerative run-away effect  cn junction characteris- 
t i cs .  Localized hot spots result ing from impurity i n  materials and resultant 
localized h i @  current densities frequently cause anomalies i n  performance. 
Material and process control during manufacture of a part can a l lev ia te  these 
problems but caniiot remove t h e  need fo r  rigorous temperature control i n  f i n a l  
application. 

3.1.2 Power Dissipation 

The power dissipation capability of :A t rans is tor  is  dependent on 
the  maximum allowable junction temperature, the the-:mal resistaneo from t h e  
junction td the  exterior, and the  external ternpcmmme. These, i n  turn, are  
dependent on several other factors, of which those re la t ing  t o  junction tempera- 
ture ham already been mentioned above. 
and thickness, die mounting material, die location, whether o r  not t h e  collector 
is isolated, case material and size,  and t h e  cmract7eristics of the heat sink, 
i f  any. Usually, values fo r  thermal resistance ( b d h  from jmct ion  t o  case, and 
junction t o  air) w i l l  be found i n  the applicatle d e  a i l  design application 
specification. 

Thermal resistance depends on die s ize  

3.1.3 Breakdown Voltage (Avalanche) 

Avalanche breakdown voltage (as distinguished from secondary 
breakdown) is a function of t he  impurity doping leve l  achieved i n  manufacturing 
t h e  transistor die. 
ing levels, which also provide high bulk resis t ivi ty .  
to rs  with high collector-base breakdown volt ;ges usually have relat ively high 
saturation volt-ges. 

Generally, high breakdown -Jcltages are  obtained by low dop- 
For t h i s  reason, transis- 

BLB40; 
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The wide distribution of breakdown voltages obtained during man- 
ufacturing usually causes a manufacturer t o  offer  several values of breakdown 
voltage i n  a family of similar parts. The part types described i n  t h e  de t a i l  
design application specification have been selected t o  provide t h e  m o s t  usefu l  
breakdown voltage consistent with cost. 

3.1.4 Secondary Breakdown and Safe Operating Area 

Avalanche breakdown is produced at. a t ransis tor  junction by 
r a i s ing  tL: voltage across the  junction u n t i l  t h e  current begins t o  flow. 
knee of the curve is usually quite sharp, and the  test  is not destructive (as 
long as power is limited). When t h e  VdLtage is reduced slightly, t h e  current 
decreases nearly t o  zero ( in  better t ransis tors) ,  and t b s  t e s t  may be performed 
again  and again with no damage t o  the transistor.  

The 

Whether or not a junction (either diode or  t ransis tor)  is i n  an 
avalanche breakdown condition depends only on the  voltage across t h e  junction. 
In  contrast t o  avalanche breakdown, secondary breakdown occurs between t h e  col- 
lector  and emitter i n  transistors,  and i ts  occurrence depends on t he  collector- 
emitter voltage, collector current, duration of collector voltage and current 
application, and bias condition of the base-emitter junction. It is a destruc- 
tive condition, usually result ing i n  a collector-emitter short. Rather than 
being a voltage-induced phenomenon, it is an energy-induced condition and occurs 
because extremely high temperatures are genemted i n  small localized areas of 
the die. It is not a simple power-induced failure because it depends on uneven 
heating of the die and occurs i n  a span of time much too short t o  a l l o w  heating 
of the e n t i r e  die. 

The secondary breakdown capabilities of a t rans is tor  depend not 
only on the diffused properties of t h e  die, but a l s o  on t h e  emitter efficiency 
(which is  related t o  the  amount of emitter periphery), and t h e  thermal t i m e  con- 
s tan t  and thermal capacity of the die. 

3.1.5 Current 

The current carrying capability of t ransis tors  depends primarily 
on emitter area and die size, but m y  be l l d t e d  by the in t e rna l  lead w i r e s  t o  
t h e  d i e .  A t  higher voltages it is a l s o  subject t o  both power limitations ana 
secondary breakdown limitations. 

3.2 Derating Procedures 

There are two types of derating applied t o  trans'istors i n  c i rcu i t  and 
system design: 

a. Power derating, which must be performed i n  order t o  avoid damge t o  
the parts, and 

b. Rel iabi l i ty  derating, which should be performed i n  high re l iab i l i ty  
systems and non-maintainable systems or circuits. 

NSEB401 
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3.2 . 1 Power De-rat ing 

Each t r ans i s t a r  is rated i n  the  detail  design application speci- 
f icat ion fo r  a maximum junction temperature. 
ture, the  information given i n  the  derating section of t h e  detail design appli- 
cation specificat!,on should be used. 
and either the csse or ambient temperature must be known. 

To avoid exceeding t h i s  tempem- 

The power t o  be dissipated i n  the  device 

When a heat sink is  uszd, the case temperature can usually be 
determined rel iably by measuremen+,. When a heat sink is not used, t h e  ambient 
temperature should be determined, and the  appropriate derating curve should be 
used. 

3.2.1,l Conventional Maximum U s e  Levels 

The conventional derating approach assumes tha t  t he  
thermal resistance, 8 ,  from junction t o  the case/heat sink o r  t o  the ambient 
temperature, is a constant a t  all temperatures. 
straight line foz the  Maximum U s e  Level Rating at  which TJ = 
l), 
is allowable, usually 25OC) and 
t o  the maximum allowed f o r  the junction and, therefore, zero added junction 
power dissipatim is allowable). 

This assumption produces a 
(see figure 

This l ine  runs between Q (the temperature a t  which 100 percent of r a t i n g  
(at which the  external temperature i s  equal 

The portion of the  solid l i n e  t o  t h e  left  of 

m + y  

yo 
L W  

JAX L I Y  

// - 

I 

0- I 
I 0 

0 
I 
i 

FIGURE 1. CONVENTIONAL MAX= USE LEVEIS. 
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e, a lso  expresses the simplified assumption t h a t  100 percent of r a t ing  cannot 
be exceeded. In r ea l i t y ,  external refkigerat ion w i l l  allow operation at some- 
what greater than 100 percent e l e c t r i c a l  rating without t he  TJ exceeding mx, 
as implied by the extension of t he  dashed l i n e  (100 percent + y). 

3.2.1.2 Actual Maximum Use Levels 

Since the ac tua l  +.hemal resis tance of the bulk semi- 
conductor material is not precisely constait ,  t h e  straight l i n e  assumption can 
lead t o  appreciable (though usually conserve,tive) loading error .  
l i n e  is shaped more l i k e  the curved dashed l i n e  i n  figure 1. On some devices, 
the part manuf'actsers recognize t h i s  by specifying more than t h e  two points of 
100 percent and zero percent r a t ing .  Figure 2 shows a r a t ing  chart  which is 
typical  of any power t rans is tor .  The ac tua l  use level point f o r  150' C (IQ) is 
120 amps. 
would have wasted over 30 percent of t h e  device capabili ty,  o r  caused a consid- 
erable r e l i a b i l i t y  prediction error .  
l ine,  the  greater t h e  rating difference (caused by the  nonlinearit:r of t h e m  
conductivity) . 

The ac tus l  

The straight l i n e  would have given a point (ut) of 80 amps, which 

The steeper the slope of t he  Use Level 

3 . 2.2 Derating f o r  Re1 i a b i l i t y  

In  addi t ion t o  derat ing applied t o  maintain jtrnction tetxpera- 
tures below the maximum, derating s h a l l  be applied t o  achieve an acceptable 
level of failure rate. There is a considerable difference in what const i tutes  
an acceptable failure rate l eve l  between a redundant c i r c u i t  which i s  required 
t o  operate only one hour i n  24 anti a nonredundant c i r c u i t  which must operate 
continuously f o r  one year. 

0 

FIGURE 2. TYPICAL MULTIPOINT-RATLNG CURVE FOR SEMICONDUCTOR (S ILICON)  DEVICES. 



Reliabi l i ty  (or failure ra te )  is a function of the s t ress  level  
under which the  part operates. 
ature s t ress ,  voltage s t ress ,  current s t ress ,  and mechanical s t ress .  Operating 
temperature is the major factor. 

The s t ress  level  has components of power/temper- 

3.2.2.1 Voltage Effects 

In  addition t o  the  conventional electi!cal s t ress  
parameters of current or power, many semiconductor devices a re  re l iab i l i ty -  
sensitive t o  ml tage  stress. 
prediction computation by the adjustmant factor f o r  secondary stress, TSS. 

The degree of such sens i t iv i ty  is expressed i n  

3.2.2.2 Failure Mode Considerations 

The nominal failure rates  used herein fo r  each par t  
type express all typical f a i lu re  modes which occur at  a fa i lure  r a t e  constant 
with time. It is assumed that design and control measures have been taken t o  
elimimte conditions of poor quality and i n f a n t  mmtality. , 

3.2.2.3 Temperature and Power Ratings Terminology 

This subsection c la r i f ies  the  derivation and distinc- 
t ions between a device's Electrical  Stress Ratio (SE), its Thermal Stress Ratio 
(ST), and the Percent of Rating (SD) which is  used i n  "derating" t o  increase 
re l iab i l i ty .  

Application of derating criteria requires a definition 
of uniform symbols for  t h e  terms used i n  power ra t ing  of transistors.  

is considered as t h e  maximum permissible junction 
This temperature is often taken as 175OC f o r  s i l i con  devices. temperature (TJ). 

Since t h e  junction temperature is d i f f i cu l t  t o  measure directly,  however, two 
other external "reference'? temperatures a re  used: 

a. 
and is frequently used as the reference temperature. 

Tc, t h e  case temperature is easiest  t o  determine, 

b. TA, the ambient temperature, my a l so  be st ipulated 
as t h e  reference temperature. 

Whether curves are referenced t o  Tc or TA, there is no difference i n  t h e i r  r e l i -  
a b i l i t y  or  derating calculations, provided the device is  mounted accordingly and 
the  temperature information is properly used. 

This means that power r a t i n g s  referred t o  Tc cannot be 
used unless the device is mounted on a heat sink. 
ture of the heat sink is aosumed as Tc, providing good thermal contact is main- 
tained between the  device and heat sink. 

In t h i s  instance the tempera- 

TA c.3smes s t i l l  ~ ~ i r ,  unless otherwise stated. When 
the  part manufacturer's power ratings used are  based on TA, then the resul ts  a r e  
conservative if' the  device is used W i t h  3 heat sink (m with mofing air) at the 
specified temperature. 
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The notations used herein, therefore, are: 

TJ 

TMAX 

TC 

TA 

TOP 

pw 

POP 

sE 

ST 

sD 

sss 

Junction temperature 

Maximurii junction temperature allowable (from 
a deta. . part procurement specification) 

Case temperature 

Amb ient t emperat w e  

External operating temperature (case or  ambi- 
ent), whichever is specified f o r  the specific 
part or  instance. 

Standard temperature (which is  the external 
reference temperatur a t  which pMAx is speci- 
f ied (usually 25%)- 17 
Maximum rated power a t  Ts, as specified i n  
t h e  de t a i l  part procurement specification. 

Actual onerating power, i n  a specific 
instance 

Electrical  s t ress  r a t i o  (operating/maximum 
rated), without consideration of other envi- 
ronments; can be watts, amps, etc.; assumes 
Top = Ts = 25OC. 

(J) Thermal s t ress  r a t i o  (T 
assuming SE = 0 percent. 

actual/T MAX), (J) 

Stress r a t i o  f o r  derating purposes; percent 
of rating; t h e  sum of e l ec t r i ca l  and thermal 
s t ress  r a t ing  percents. 

Stress r a t i o  for secondary e l ec t r i ce l  stress;/ 
fo r  transistors,  voltage is  used, and 

sss - Rated VcE 
Operating VcE - 

3 . 2.2.4 Stress Ratios (Electrical  and Thermal) 

Semiconductor base fa i lure  rates, h b ,  a re  commonly 
related t o  t h e  junction temperature. 
heat r i s e  within the device (caused by power dissipated i n  the junction) plus 

T h i E  junction temperature consists of t h e  

L'Unlese otherwise noted, all values given herein a re  referred t o  
Ts # +2YoC requires computation of "adJusted" stress rat ios .  

= 25'C. A 

NSEB401 
Sheet 7 



t h e  case temperature, 
air or t o  the attached heat sink tempersture. 

In  turn, the case temperature is related t o  t h e  ambient 

Usually each device is given two :=ting points; one fo r  
max imum permissible junction temperature, and the other for  the maximum case or  
ambient temperature at  which 100 percent of the rated load can be dissipated 
without causing the  sum of ambient (or  case) plus internal  temperature rise t o  
exceed t h e  specified maximum junction temperature. As t h e  ambient (or case) 
temperature rises above the  TS value, the internal  temperature rise and power 
load must be decreased if the combined temperature is not t o  exceed the  maximum 
junction temperature, These points are illustrated i n  figure 1. 

For semiconductor devices, t he  Electr ical  Stress Ratio 
(SE) is used i n  calculating the 
external reference temperature, 

r i s e  of t h e  junction temperature above the 
TA or Tc. It is expressed as: 

where 

= Operating power leve l  

= Rated maximum power at  standard temperature, Ts = 25OC, unless other- 
wise specified pw 

There is a corresponding Thermal Stress Ratio: 

- - Ts - 'T - Ts 
However, t h e  r e l i a b i l i t y  computation curves f o r  k b  i n  

subsequent sections have been simplified t o  use o n l y t h e  e l ec t r i ca l  stress r a t i o  
(SE) and the  TC or TA external temperatures, so t h a t  t h e m  stress ra;t;io (ST) 
is of in te res t  only as a part of the  derating procedures. 
(TJ) 
imum junction temperature (TW) . 

Junction temperature 
is nut used i n  computatiox, except when it corresponds t o  a specif ic  max- 

3.2.2.5 Electr ical  Stress  (More Than One Device Per Case) 

The SE = Pop/P= expression applies t o  t h e  usus1 con- 
d i t ion  of a single device per case. 
t iona l  symbols must be defined ( the word "side" as used below a l s o  rnears 
individual delTce or section of the  totd assembly in  the case): 

For the.more complex arrangements, addi- 

= Electr ical  stress r a t i o  of t h e  side being evaluated sE 
= Power dissipation In  an individual side being evaluated p1 

P2,..Pn = Power dissipated i n  t h e  &her (second, etc.)  side(s) of t h e  device 

NSEB401 
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- % - 
N =  

'T - - 

Maximum dissipation rat ing of one side of the  assembly, with the 
other side(s) not operating; "one side rat ing 
Number of devices i n  t h e  case 
Total maximum ra t ing  of both sides (o r  all devices) oper@t$ng; 
"both side rating" 

11 

Specifications f o r  multiple devices i n  one case * ~ u a J l y  
give a max imum ra t ing fo r  each device, and a tc ta l  dissipation ratiiig which is  
significantly l e s s  than the sum of individual r a t ings .  
t ransis tor  2~2060 has a Ps of 0.5 watt and a P 

For example, the dual 
of 0.6 watt a t  25OC ambient. T 

The following expressions now apply: 
a. D u a l  devices i n  a sLn.gle case (eqqally rated, 

unequally loaded) : 

p1 2Ps - Pr 

pS + p2 PT x Ps Stress Ratio, SE = - 
Dual devices i n  a single case (equally rated, b. 

equally loaded) : 

c. Three or more devices i n  a s!ngle case ( a l l  e q a l l y  
rated,  unequally loaded) : 

p1 NpS - 'T 
pN) YT x Ps Stress Ratio, sE = -+ (p2 + P~ . . . 

Three or more devices (equally rated and equally 
pS 

d. 
loaded) : 

rp1 - 
'E -7 

3.2.2.6 Derating Versus Percent of Rating 
Confusion i s  often caused by using the term "derating, 

If a part is operated a t  40 perceiit of rating, it 

11 

i n  a numerical sense, when actually it refers t o  a general practice of operaticg 
below some maximum level. 
should not be stated as "dm%Jced 60 percent", but as "operated at a percent of 
ra t ing  of 40 percent". 

heat, it is normal t o  "derate" by decreasing the  junction temperature. 
t ha t  temperature of the  hea t  sink, etc., i s  fixed, derating is done and evalu- 
ated through a reduction of power. 

"Percent derating" is not a val id  numerical term. 
Since the mjor environment degrading r e l i a b i l i t y  is 

Assum:! :, 

NSEB401 
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3.3 Reliabili j -  

3#3.1 Reliability Assurance Tests 

The control of high reliability part procurement specificaxions are 
provi3ed by the Part Control Packages. The procurem,nt specification includes 
quality assurance provisions and pre-usage conditionlrig rzquirements to assure 
compliance with the system duration and environmental requirements. These in- 
clude extreme temperature cycling, acceleration, mechanical shock, end heme - 
ticity testing for  space service. 

3.3.2 Reliability Assurance 

The P u t  Control Packages require extended bur-a-in of yarts (for 
500 hours) and degradat! 
ment, all destructive p . 7 . p  B lot testing, which i s  extremely expcnsive when 
s m a l l  numbers of parts :: purchased, has been eliminated in i'avar of more 
extensive 100% stress screening and 100% inspection (such as internal v i s u a l  
and radiographic inspeci .oris). 

analysis in selected instances, As a cost imprave- 

3 . 3 . 3  Reliability Prediction Rationale and Derivation 

This subsectior, outlines the general mathematical reasoning on vkich 
the reliability factors are based. It is quite possible, however, to estimate 
the reliability of a transistor from the charts and tables in 3 . 4  herein with- 
out a study of this subsection. 

It is assumed that the device failure rate (A,) is comgxed of addi- 
tive ( A )  factors which have a mutual interaction with several product (9) fac- 
tort:, and also of one or more other additive ( h )  factors. 
transistors, this expression is: 

In the c m e  of 

These factors are detailed in the explanation of their usage in 3 . 4  herein, 
derivation of this expression is a special 3ase of the general model (see table 

The 

I for 

Where 

NT , 
e~~ 

T =  

values of constants) : 

A=-Failure rate scaling factor. 

G, ani 3 = Curve-shaping factors for a given part type. TO 
'= T I W ~ R ~  resistance, in OC or OK per aultiples of unit rating, from 

reference (embient or heat sink as applicable) to device junction. 
0 Ambient operating temperature in C. 

IVSL-BkOl 
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operatin wer level = 
= rated m a t  powergarstandard temperature 

For a more exact determinatics of the electrical stress ratio, see 
3.2 herein. 

TABLE I. - CONSWI'E IN -TICAL mDEL 

Constants 

A 

NT 
G 

P 

Silicon ,NPN 
Transistors 

0.027 

448 

-1052 

-1 .c 

15OoC/W 
rating 

Silicon,PNP 
Transistors 

0.085 

448 

-1 324 

-1.0 

15OoC/W 
rating 

14.2 

F'ET and 
MOSFET 

0 375 

448 

-1162 

-1.0 

15OoC/W 
rating 

13.8 

Uni junction 
Transistors 

7.81 

448 

-1779 

-1.0 

15OoC/W 
rating 

13.8 

3.4 Failure Rate Computati on - 
This secticn describes the computation of the failure rate of a tran- 

sistor in a particular application and contains the necessary charts and graphs 
for such a comp4tation. . The computation is based on the model below. 

3.4.1 General Mathematical Model 

The failure rate for semiconductor devices (after screening of 
gross quality defects) is generally assumed to be constant with time for many 
thousands of hours. lnis faillne rate can be modeled as follows: 

where : 

k = Failure rate of a semiconductor device 

k 
S 

= Basic failure rate (a function of electrical stress and operating 
temperature) 

IT = Use environment adjustment factor E 
CE = Use environme.it additive failure rate term 

1~ = Application factor (linear , switching, detector) A 

NSL-B401 
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r = Factor for expressing t h e  rated power (watts) 

= Secondary e lec t r ica l  (voltage) stress r a t i o  
R 

ss 
= Complexity factor rC 

Note that some of the parameters i n  t h e  above m o d e l  do not 
apply, or  have a value of 1, for some part types. 
i n  the following sections on specific part types. 

These details are explained 

3.4.2 Transistor Family Types 

The transis tors  covered by prediction techniques i n  t h i s  section 
have been divided into basic families with generally similar r e l i a b i l i t y  charac- 
t e r i s t i c s  as shown in  table 11, below. 
tion, usage, etc., is provided f o r  in Ghe n and Z factors detailed f o r  each part 
type- 

Further breakdown relating t o  construc- 

TABLE 11. - TRA14SISTOR FAMILY GROUPS 

Transistor Type 

I 

I1 

111 

I sil icon, 

Silicon, PIP 

FIE, Silicon, P Channel 

FEl!, Silicon, N C'hannel 

MOSFET, Silicon, F Channel 

MOGFET, Silicon, N Channel 

Uni junct ion 

Applicable 
Factors 

=E 
=A 
=R 
=ss 
"C 
=E 

TFE 

=A 

=C 

=E 

n andZE E 

NSL-B~O~ 
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3.4.3 

where: 

symbol miramn ent 

G r o d ,  Fixed Gf 4.75 

1.6 sf 

s1 

Space Flight 

Satellite, Iam& 40.0 

3.4.3.1 General 

=E 

0.0010 

0.0005 

0,0210 

The applicable prediction m o d e l  for gzmdp I transistm 
is: 

hours) 

h 

Ab = Base partion of the  failure rate, derived from figures 3 thm- 6, aal 
based on SE (e lectr ical  stress ra t io)  and T (temperature). 
ronmental a d j u s t m e n t  products (w) and additive factors (c), respec- 
tively, can be obtained f r o m  tables 111 through V I I ,  

= Transistor failure rate (percent/lOOO hours) 
S 

The envi- 

The use emironmental factor expresses the general sur- 
roundings and caliber of rnintenance that the part WLIl experience, 
~ ~ i &  t o  the electrical ar intemaUy imposed stresses i n  the device. 
See table I11 for values. 

It is 

3.4.3.3 ZE, Use ErWronment A d d i t i v e  Term 

In con5rast t o  the use environrtent factor, CE repre- 
sents t h e  hazard of failure dutz t o  externally imgosed environmental stresses. 
In  t h e  broad sense these stresses are interpreted as not only shock, vibration, 
cold etc., but also the human effect (the technician with t h e  soldering iron, 
etc.j. Since t'-.ese hazards exist  imespective of e lectr ical  stresses, t h i s  is 
considered an independentzx or  additive factor, rather than an interacting 
product factor such as ITE. See ta5le 111 for  values. 
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3.4.3.4 VA, Application Factor 

Power Rat ing 
(watts) 

0 to loo mu 
> 100 to 5 0 0  mW 
>0.5 t o  1.0 
> l o 0  t o  5 
>5.0 t o  20 
>20 

The application fac tor  expresses t h e  c r i t i c a l i t y  of 
output demanded of Lhe device. 
fashion, could be re2.iable (satisfactory) i n  a simple digital/switching applica- 
t ion,  but has a much higher probabili ty of degrading out Gf tolerance i n  a l i n -  
ear or more c r i t i c a l  operation. 

The identical  part, behaving i n  ident ical  

See table IV f o r  values. 

=R 

1.0 
1.0 
1.0 
1.5 
2.0 
2.5 

TABLE IV. - APPLICATION FAC!KR, VA, FOW CSKKlP I 'EWSISTORS 

rA Application 

Linear (AC) 
Linear (E) 
Low Nofse (Audio) 
H i &  mquency (RF) 
Low Noise (W) 
Logic Switching 

1.0 
2.0 
1.5 
3.0 
4.0 
0.5 

There is a re l i ab i l i t y  hazard inherent i n  the s ize  or  
power rating of the  device, irrespective of whether it is operated at a hi& or  
low stress m t i o  percentage of t h i s  rating. 
which varies with t h e  power (wattage) r a t ing  of the device. 
values. 

This hazard is expressed b y q ,  
See table V for 

3.4.3.6 nss, Secondary Electrical Stress Factor. 

The factorrnss deals with int;ernal e l ec t r i ca l  stresses, 
and relates t o  Sss (the stress ratio for a second significant parameter -0  i n  
the case of transistors,  voltage). 
x 100, See table V I  f o r  values. 

It is determined as OPEBATING V&RATED VCE 



TABLE VI. 0 V m G E  S E W S  FACTOW, ITSS, 
.. 

11 sS 
(percent). 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 

FOR GROUP I !lRANSfsTORS 

" ss 

3.0 
2.25 
1.65 
1.2 
1.0 
0.75 
0.49 
0.26 
0.5q 
17.30 
0.30 

3.4.3.7 nC, Complexity Factor 

The complexity factar expresses the const,ruction corn= 
plexity hazard of multiple devices, and each t ransis tor  i n  a case is subject t o  " as w e l l  as the &her factors i n  the ks equation. 

C 

If only one transistor i n  a case is t o  be used i n  t h e  
circuit, the other factors can be neglected andrrc becomes 1.0 and does not 
influence the  eqmession. See table V I l  fo r  values. 

Camplexit &f "C 

Single Transistor 
Dual (Unmatched) 
Dual (MBtched) 
Darlington 
Dual Ehitter 
Multiple Emitter 
Complementary Pair 

1.0 
O*? 
10 2 
0.8 
1.1 
1.2 
00 7 

%%ch transistor i n  a case m u s t  be treated individually for the  cam- 
Flexity factm. 
tion, modified by t h e  other u factors and then  multiplied by t h i s  com- 
plexity factor. 
treated as an independent i t e m ,  andnc = 1.0. 

Its failure rate, hb, is determined by its applica- 

If only one transistor of a pair is involved, It is  

NSL-BbOl 
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The prediction model for FET devices is: 

Environment 

Ground, Fixed 

Space Flight 

S a t e l l i t e s  Launch 

where A s  is the F'ET device failure rate (ptrcent/1000 hours) and m~~ VA, VC, and . 
Q 8re modifiers o f k b  a8 explained i n  3.3.3 herein for  t ransis tors .  
c i f i c  figures and tables  applying for Group I1 devices are 88 follows: 

The spe- 

Symbol r E =E 

sf 

s1 

Gf 14.0 0.015 

4.5 0 . 008 
60.0 0 .Ob5 

hb: See figures 7 md 8 

Z and aE: See table VI11 

lrA: See table I X  

E 

llc: See t a b l e  X 

TABLE VI11 .- "E AND CE, BASED 019 m R m w A ? r &  SERVICE 
CONDITION FOR GROUP I1 FIEIS EFFECT TRANSISTORS 

TABLE IX.- APPLICATION FACTOR, TA, FOR GROUP I1 
FIELD EFFECT TRANSISTORS 

- -~ -~ 

Application 7 A 
~ 

Linear (AC) 
Linear (DC) 
Logic switch 

Low Noise (Audio) 

High Frequency (m' 
Low Noire (RF) 

1.0 

.2*0 

0 .5  

1.5 
3.0 
4.0 

IOSLBkOl 
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TABLE X,- COMPLEXITY FACTOR, wcI FOR GROUP 11% 
FIELD SFFECT TRANSISTORS 

Complexity - 1/ =C 
I 

Single device 

Dual (watches) 

Dual (matched) 

Complementary pair 

Tetrad 

1.0 

0.7 

1.2 

0.7 

1.1 

&’See footnote, table V I I  

3.4.5 Group I11 (Unijunction Devices1 

3.4.5.1 General 

The predic t ion  model for unijunction devices is: 

where h,  i s  the unijunction device failure rate (percent,h000 bours), and XE 
and CE are modifiers of Ab as spec i f ied  i n  3.3.3 herein f o r  t r a n s i s t o r s .  
The s p e c i f i c  f igures  and tables applying f o r  Group I11 devices a re  as f o l h w s :  

hb: 

YQ: See table XI 

EE: See t a b i e  X I  

See figures 9 and 10 
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. 
Environment Symbol fiE CE 

Space Flight sf 2.5 0.009 

Satellite, Launch S1 37 .c 

I 

Ground, Fixed G f 6 =7 0.085 

Ground, Mobile I 22.5 0.090 Gm 
0 .ogo 

3.4.5 Summary and Exanples 

3.4.6.1 Summary 

belo 
To compute the failure rate 

gs t o  one of the three families covercd (transi 
of a transistor which 
tors, unijunctions, FET 

the applicable formula -isted in tables XII, XIII, or  XIV below should be 
used. The values of the factors, as directed in tables XII, XIII, and XIV, 
should be determined before performing the computaticn. An example is given 
at the end of the tables. 

I I 

TABLE X I 1  .- PREDICTION PROCF3URE FOR TRANSISTORS (GROUF I) 

2art iailure rate model ( A  I 
A + zE (percent/lOgQ hours, P 'rrR 'rrSS .C) 

I where the factors are shorn in the following tables and figures: 

Ab: 

mE: See table I11 

vA: See table IV 

nR: See table V 

See figures 3 thru 6 

See table V I  '=ss : 

=C : See table VI1 

%: See table I11 I 
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TABLE XII1.- PREDICTION P3OCEDUR.E FOR FIELD EFFECT 
TRJUISISTORS (GROUP 11) 

Part  failure rate model (A 

(aE x a x - c )  + CE (perccnt/1000 h r s )  k p  = A b  A 

where t h e  f ac t c r s  are shown i n  the  following tables end 
figures : 

BE: See t a b l e  V I 1 1  

See t a b l e  IX *A: 

See t ab lo  X -k : 
: See t a b l e  V I 1 1  =E 

TABLE XIV.- PREDICTION PROCEDURE FOR UNIJUNCTION 
TRAHSISTORS !GRO'UP 1x1) 

Par t  failure rate Eodel (A ; 
D 

A = A b  (rE) + CE (percent/1000 hrs) P 

where the fac tors  are shown in the following tables and figures: 

Lb: See figures 9 and 10 

See table XI 

ZE: See table XI 
E: 

3.4.6.2 Example: Determining t h e  Fa i lu re  Rate of a Trans is tor  

Given: A s i l i c o n ,  NPN, general-purpose t ransis tor  is 
operating in a l i n e a r  (ac) mode at 0.4 Qf its rated m a x i m u m  power .  
used ic a ground-fixed serv ice  environmept, a t  No C ambient temperature, 
operatiag at  60 percent of maximum voltage, and r a t e d  at 500 mW. 

It will be 

NSLB401 
Sheet 23 



Find: The failure rate of  t h e  transistor. 

Step 1. To der ive t h e  base f a i l u r e  r a t e , h b ,  t h e  
e l e c t r i c a l  stress ratio m u s t  f irst be calculated, i n  t h e  following manner: 
S t r e s s  r a t i o  = operating p o w e r  (Pop)/rated m a x i m u m  power (P-) ; fo r  t h i s  
example, S = 0.4. 

Step 2. The values of  t h e  e l e c t r i c a l  stress r a t i o  
(0.4) and the ambient operat ing temperature (30° 6 )  are inse r t ed  i n t o  f ig-  
ures 5 o r  6, t o  a r r i v e  at t h e  base failure rate, Lb,  of 0.0016 percent/1000 
hOWS 

Step 3. Froa t a b l e  111, t h e  value of "E is 4.75 and 
CE i s  0.0010 f o r  a ground-fixed serv ice  environment. 

Step 4. From t a b l e  I V ,  t h e  value of n~ is  1.0 f o r  a 
l i n e a r  (ac) appl icat ion.  

Step 5. From t a b l e  V,  t h e  value of ITR i s  1.0 f o r  a 
t r a n s i s t o r  rated at 500 mW. 

Step 60 To der ive themss term, the voltage stress 
must first be computed, i n  the following manner: 

Voltage stress (SSS) = operating V E/rated VCE x 100 
= 60 percent F given) 

For an SSS of 60 percent,  the  value o f r r s s  (from 
table V I )  is 1.0. 

t r a n s i s t o r  i s  1.0. 
Step 7. From t a b l e  V I I ,  the value of ITC f c r  a s i n g l e  

Step 8. To c o n p t e  t h e  t o t a l  failure rate (Ip), the 
Ab term3 and T terms are mult ipl ied and then added t o  t h e C E  term, as shown i n  
t h e  model: 

xP b A R x llss x rrc) +c E = A  ( T ~ X V  x v  

= 0.0016 (4.75 x 1.0 x 1.0 x 1.0 x 1.0) + o.ooio 

= 0.0086 percent/1000 hours. 

4. ABBREVIATIONS, SYMBOLS, AND DEFINITIONS 

Abbreviations and symbols are defiiied i n  the appl icable  paragraph of t h i s  
spec i f ica t ion .  
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NSL-B401/1 

DETAIL DESIGX APPLICATION SPECIFICATION FOR 

NASA SFECIAL LONG-LIFE (NSL) TRANSISTOR, TYPE NSL-401/1 * 

1. SCOPE 

This spec i f ica t ion  is  part of t h e  system of P a r t  Control Packages for 
cont ro l l ing  NASA Special  Long-Life (NSL) p a r t s ,  described i n  NASA CR-66742-1. 
This spec i f i ca t ion  is deta i l  s ec t ion  B cf Par t  Control Package NSL-401, and 
defines the  detail  design appl ica t ion  requirements f o r  a s i l i c o n ,  NPN t r a n s i s t o r  
intended f o r  use i n  low-level, low-noise amplifiers. This t r a n s i s t o r  is similar 
to  JEDEC type 2N2484. 

2. APPLICABLE DOCUMENTS 

2.1 Documents 

The following documents form a part af t h i s  spec i f ica t ion  t o  the  
ex ten t  specified herein.  
on the date of the p a r t  procurement cont rac t  s h a l l  apply. 

Unless otherwise specified herein,  t h e  i s s u e  in effect 

STANDARDS 

Military 

MIL-STD-202 T e s t  Methods f o r  Electronic  and E l e c t r i c a l  
Component Pa r t s  

MIL-STD-1276 Leads, Weldable, for Electronic Component 
Pa r t s  

SPECIFICATIONS 

M i l i t a r y  

MIL-S-19 500 Semiconductor Devices, General Specifi-  
ca t ion  for 

NSL-BhO1 General Design Application Specif icat ion 
for NASA Special  Long-Life (NSL) 
Trans is tors  
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(The documents listsd in 2.1 of NSL-BbOl form a part of this document to the 
extent specified herein and within the limitations of 2.2 of NSL-Bk91.) 

2.2 Conflicting Requirements 

The requirements of 2.2 of NSL-BbOl apply. 

3. DESIGN APPLICATION K E Q U I W T S  

3.1 Design L i m i t a t i o n s  

3.1.1 M a x i m u m  Ratings 

Unless otherwise specified, the maximum ratings at an ambient 
temperature of 25023OC shall be as shown in table I herein. 

TABLE I. - MAXIMUM RATINGS 

Storage temperature range 

Operating temperature range 

Lead soldering temperature 

Collector-to-base voltage, emitter open 

Collector-to-emitter voltage, base open 

Emitter-to-base mltage,  collector open 

Collector current 

Power dissipation, free air ( 2 5 O  C a b )  

Derate above 25O C 

Power dissipation, heat sink ( 2 5 O  C case) 

Derate zbove 25' C 

-65" to  +ZOO' c 
-55" to  +1500 c 

300* C 

60 v 

60 v 

6 v  

50 mA 

0.36 W 

2.06 mW/OC 

1.2 w 

6.85 mW/'C 

3.1.2 Electrical Characteristics 

The electrical characteristics shall be as specified in table 
If and figure 1 herein. 

3.1.3 External Physical Characteristics 

The external physical characteristics s h a l l  be as specified in 
figure 2 herein. 

N S L - B ~ O ~  /i 
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TABLE 11. - ELECTRICAL CHARACTERISTICS 

Parameter 

hm 
hFE 

h~~ 

h~~ 

hFE 

hm 
BVCBO 

BvCEO (sus) 

BvEBO 

V~~ (on) 

'CE ( s a t )  

I C E 0  

'CBC 

'CBO 

~ NF 
I 
NF 

NF 

NF 

thfel 
p I f  4 
I 

0 
.. L- 1/ A t  !PA = 25 C, unless  othervise specified. 

Min 

2 50 

200 

175 

100 

30 

60 v 

60 v 
6 v  

0.5 v 

-- 

3.0 

2.0 

TYP 

430 

450 

430 

375 

290 

200 

0.57 v 
0 .2  v 
0.1 nA 

0.1 nA 

0.2 p A  

1 .8  db 

1 . 8  db 

0 .6  db 

2.0  db 

4 .O 

2.6 

800 

500 

0.7 V 

0 . 3  V 

10 nA 

2.0 nA 

10 pA 

7.5 db 

3.0 db 

2 .0  db 

3.0 db 

7 -0 

Conditions &/ 

IC = 10 mA, VCE = 5.0 v 

IC = 1 mA, VcE = 5.0 V 

IC = 500 pA, VCE = 5.3 V 

IC = 100 PA, VCE = 5.0 V 

IC = 10 PA, VCE = 5.0 V 

IC = 1 PA, VCE = 5.0 V 

IC = 10 )LA 

= 10 mA pulsed IC 
IE = 10 p A  

IC = 100 p-4, V = 5.0 V CE 
IC = 10 mA, IB = 0.1 mA 

VCB = 45 v 

VCE = 5.0 V 

V = 45 V, TA = 150° C CB 
= 10 pA, VCE = 5V,  f = 100 Hz I C  

= 10 PA, VCE = 5 V ,  f = 1 ~ H Z  IC 

IC = 10 )LA, VCE = 5 V ,  f = 15.7 kHz 

f = 5.0 MHZ 

= 5.0 V ,  IC = 500 PA, 'CE 
f = 30 MHz 

. 



TABLE 11. - ELECTRICAL CHARACTERISTICS (continued) 

Parameter 

hfel 

i e  h 

hoe 

hre 

'ob0 

- i/ A t  TA = 

900 

24 KQ 

40 puho 

800 x 

5.0 Pf 

25' C, unless othervise specif ied.  

Conditions L/ 

VCE = 5.0 V, IC = 1.0 mA, 

f = 1.0 KHZ 

= 5.0 v, zC = 1.0 m ~ ,  'CE 
f = 1.0 K H Z  

= 5.0 v,  I = 1.0 mA, 'CE C 

f = 1.0 M z  

= 5.0 v ,  = 1.0 m ~ ,  "CE 

f = 1.0 KHZ 

vCB = 5.0 v,  iE = 0 ,  

0 . l S f S l  MHZ 

3.1 . 4 Recommended Usage 

The NSL-401/1 t r a n s i s t o r  i s  a low-noise, low-power device with 
high gain over a wide range of co l l ec to r  current .  
usage as the first stage i n  small-signal amplif iers ,  o r  trre first of several  
s tages  i n  extremely low-noise amplifiers.  Because of i t s  high current  gain,  
the  device w i l l  a l s o  f i n d  appl icat ions as a reference aniplifier,  and i t s  usage 
ma'- allow a reduction i n  p a r t s  i n  amplif iers  having several  s tages .  

It should f ind  extensive 

As a low-no':e amplif ier ,  t h i s  device should be operated at low 
collector-emitter vol tages  and low co l l ec to r  current  l eve l s .  To obtain the 
lowest noise  figures, care  should be exercised i n  design t o  provide t h e  proper 
source impedance. 
formance. ) 

(Refer t o  figure 1 herein f o r  t h e  best low-noise per- 

3.1.5 Application Xeview 

3.1.5.1 - Power 

Under no conditions of operation s h a l l  t h e  junct ion 
temperature be allowed t o  exceed 2OO0C (refer t o  the  power dera t ing  

NSL-B401/ 1 
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NOTES : 

1. Leads: MIL-STD-1276, Type K 

2.  Collector connected to case 

3. Weight: 0.43 grn 

b .  Case: Hermetically sealed 

FIGURE 2. EXTERNAL PHYSICAL CHAFb4CTERISTICS. 

requirements, 3.2.1 herein. Average power dissipatioi shall be in hccordance 
with the Reiiability Deratjag Information, 3 . 3  herein, to r t 2  xlize failure 
rates consistent with system requirements. 

3.1.5.2 Voltage 

Maximum allowaSle voltagep for this part (Vcao = 
= 60 V, 'lEBO = 6 V) are listed ir, table I, Maximum Ratings. These vc 0 va!fxes shall be redLced at least 15% to allow for changes with age. 

reduction increases reliability zorsiderably . 
generc.3. tl sian applicktion 

Further 
(Refer to table VI of the 

specification, KL-B401, ) 

3.1.5.3 Current .- - 
This device shall. be used in apglications where the 

maximum current is less than 20 mA. The p%xiinum rating, 50 aA, is con- 
servative. 
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3.1.5.4 Temperature 

The m a x i m u m  allowable s torage  a r d  junct ion 
temperature is 20OoC. 
manent damage t o  the  t r a n s i s t o r  die, 
excessive thermal stress t o  be Eieveloped i n  t h e  metal and glass package. 

Exposure t o  temperatures above 2OO0C may came  per- 
Temperatures bel% -65Oc may cause 

The 
-vice shall not be subjected t c  temperatures below -65Oc, 

5.1.5.5 Vibration, Shock, and Acceleration 

The device w i l l  withstand, without degradation, 
vibrat ion l eve l s  of 20 5 at frequencies from 1C t o  2,000 Hz, acce lera t ion  
leve ls  of 30,000 G ,  and shock l eve l s  of 1,500 G. 

3.1.5.6 Atmospheric Conditions 

The device is hermetically sealed,  and a l t i t u d e  
operation i s  unlimited. 
requirements of MIL-STD-202, methods 106 and 101, respect ively.  

It w i l l  meet the  moisture res i s tance  and s a l t  spray 

3.1.5.7 Radiation 

The device is not hardened t o  rad ia t ion .  

3.1.5.8 Worst Case Analysis 

The worst case values of current  gain,  le&%? cur- 
ren ts ,  and small-signal parameters shall ? e  s.::a&zed i n  t h e  design review, 

3.2 Derating Procedures - 
The requiremerts c f 3 .2  of NSL-BhL apply. 

3.2.1 Power Dei-ating 

Pover 4erati:ig shail 3e as specif ieL i n  t a b l e  I11 and f igure 
3 herein. 

3.3 Rel i ab i l i t  J 

The requirements of 3.3 sf N S L - B ~ O ~  apply. 

3.4 Failure Rate Computation 

To determine the  fai1:ire rate for p;srtt; ccvered by t h i s  spec i f i ca t ion ,  
the  failure rate model l i s t e d  helow should be used, with reference t o  the  
general design application specification, NSL-8401, as noted. 
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TABLE 111. - POWER DERATING 

Maximum allowable junction temperature TJ m a x  20oOc 

*JC 

e~~ 

1 4 6 O c / W  

486Oc/k' 

I For case temperatures above 25OC (when 
using a heat sink), derate 

1.2 w 0 
pT Maximum pc,wer dissipation at 25 C case 

temperature 
i F 

6.9 mW/OC I 
Maximum power dissipation at 25OC 
arch i ent temperature 

0.36 w 

0 For ambient temperatures above 25 C 
(without a heat sink), derate 

I I I 

1.4 

1 

1 

2 

a 

. E  

Temperature ("C) 

FIGURE. 3.  POWER DERATING. 
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The catastrophic failure rate, A,, in percent per 1000 hours, is 
com,Futed as : 

= [ h b  (nE) (nA) ( X R )  (hSS) (nc)] + EE 

TABLE IV. - COMPbTATI3N OF FAILURE RATE FOR TYPE 
NSL-401/1 TRANSISTOR 

Parameter 

An 

Description 

Base failure rate . 
Environmental factor 

Application factor 

m E  

T A  

Rating factor 

Secondary stress factor ss I lT 

Complexity factor 

Environmental additive 
term 

4. ABBREVIATIONS. SYMBOLS. AND DEFINITIONS 

Determine Value 
from NSL-BkOl 

Figure 5 or 6 

Table I11 

Table IV 

nR = 1.0 

Table VI 

Tr = 1.0 C 

Table I11 

The abbreviations, symbols, and definitions provided in N S L B 4 0 1  apply. 
Additional abbreviatTons, symbols, and definitions used herein are defined in 
MIL-S-19500 
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NSL-C401 

GENERAL PART AND MANUFACTURER SEI8CTION AND CONTROL SPECIFICATION FOR NASA 

SPECIAL UNG-LLT (NSL) TRANSISTORS 

1. SCOPE 

1.1 a l i c a b i l i t y  

This spec i f i ca t ion  is  p t x t  of the system of P a r t  Control Packages 

This spec i f i ca t ion  is general  sectioA C of  P a r t  Control 
for c o n t r o l l h g  NASA Special  Long-Life (NSL) p a r t s ,  described i n  NASA 
CR-66742-1. 
Package NSL-401, and def ines  the general  requirements tkiat a prime contractor  
s h a l l  observe f o r  the  se l ec t ion  and cont ro l  of i?SL parts. 
t i on  and t h e  appl icable  d e t a i l  s e l ec t ion  and control  spec i f ica t ion ,  
NSL-Cbl/ are mandatory whenever NSL t r a n s i s t o r s  are spec i f ied .  

This specif ica-  

2.  APPLICABLE DOCUME3ITS 

2 .1  Mcuments 

The following documents form a p a r t  of t h i s  spec i f i ca t ion  t o  t t a  ex- 
t e n t  specified herein.  
on the  date of t he  p a r t  procurement contract  s h a l l  apply. 

Unless otherwise spec i f ied  herein, t h e  i ssue  i n  e f f e c t  

SPECIFICATIONS 

NSL-C401/ - Detail Spec i f ica t ion  f o r  Manufacturer 
Se lec t ion  and Control 

NSL-A401 General Procurement Spec i f ica t ion  f o r  
NASA Special  Long-Life (NSL) 
Trans i s tor  s 

NSL-Akl/ . Detail Prcrcurement Spec i f ica t ion  f o r  
NASA Special  Long-Life (PTSL) 
Trans is tor -  

2.2 Confl ic t ing Requirements 

I n  the  event of c o n f l i c t  between t h e  requirements of t h i s  specif ica-  
t i on  and any of t he  documents spec i f ied  herein o r  i n  t h e  appl icable  d e t a i l  
spec i f ica t ion ,  t h e  order of  precedence sha l l  be as follows: 

a. The appl icable  NASA Special  Long-Life (IJSL) d e t a i l  s e l ec t ion  and 
control  b -  xcification. 
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b. This  general s e l e c t i o n  and con t ro l  s p e c i f i c a t i o n .  

c. Spec i f i ca t ions  referenced here in  o r  i n  t h e  app l i cab le  d e t a i l  
s e l e c t i o n  and con t ro l  s p e c i f i c a t i o n .  
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3.  METHODS AND REQUIRENENTS 

3.1 General 

The prise contractor shall select and control the qualification and 
procurement of NSL parts in accordance with the requirenents of thls specifi- 
cation and the applicable detaii selection and control specification. The 
selection and control process shall consist of the following three phases: 

Phase I. The grime contractor shall conduct a quality survey of the 
part manufecturer in accordance with the requirements and criteria of 3.2 of 
this specification and the applicable detail selection and control specifica- 
tion. Successful completion places the part manufacturer on the Manufacturer 
Eligibility List (MEL) and makes him eligible for a line certification survey 
as described in Phase 11. 

Phase 11. The prime contractcr shall conduct a line certification 
survey in accordance with the requirements and criteria of 3.3 of this speci- 
fication and the applicable detail selection and control specification. 
Successful completion places the line on the Certification Line List (CLL), 
eligible to supply transistors to the specific NSL detail procurement speci- 
ficatiori for which the line is certified. 

Phase 111. The prime contractor shall, in accordance with the req- 
nents and criteria of 3 .4  of this specification and the applicable detail 
selection and control specification, negotiate and monitor the procurement of 
parts t o  the general procurement specification NSL=A401 and the applicable 
detail prozuement specification. This action is contingent on the following: 

a. The part manufacturer, required in the applicable detail procure- 
ment specification, is listed on the MEL. 

b.  The part manufacturer's line for producing the part is listed on 
the C U .  

c.  The general procurement specification NSL-A401 and the applicable 
detail procurement speciPication are both approved by the prime contractor 
and the cognizant NASA installation. 
Upon verifying the satisfactory completion of the requirements of NSL-AbOl 
and the applicable detail procurement'specificstion, the prime contractor 
Shall approve the procurement l o t  as accepted and qualified NSL parts. 

Part  Manufacturer Qualification (Phase I) 
3.2.1 Part Manufacturer Survey 

A complete survey of the part manufacturer's shall be made. 
The part manufacturer shall provide adequate assurance of his capabilities 
to meet the requirements listed in this general specification. 
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3.2.1.1 

to reqbest, 
transistws 
to consid?r 
usage. The 

Part Manufacturer Eligibility 

A l l  part manufacturers of transistors may have the opportunity 
in wr'iting, a part manufacturer survey for one or more particular 
of interest to the NASA prime contractor. The right is reversed 
part manufacturers for survey in order of current demand and 
NASA prime contractu shall respond with a questionnaire, as 

shown in appendix A herein, which the part manufacturer shall complete. 
Upon receipt of a satisfactorily completed questionnaire, the NASA prime 
contractor and the part manufacturer shall mutually agree to a time and 
place for the survey. 

3.2.1.2 Resurvey Requirenients 

A part manufacturer survey will not need to be repested as long 
as the part manufacturer prcduces and ships to the NASA prime contractors 
or subcontractors within a twelve-month period one or more lots of transis- 
tors in a satisfactory manner unless a major change from the findings vf 
the last part manufacturer survey occurs. Examples of such major changes 
include a substantial change of ownership, simultaneous loss of several key 
personnel, or  deterioration in delivery and qualtty record. 

3.2.1.3 Survey Data 

The part manufacturer shall provide the survey team with data 
that will be used for making a decision. 
ing: 

This data shall include the follow- 

a. Organization chart that inclQdes the key orgar!izational bl?eks 
and delineates lines of authority and responsibility. 
to management for overall reliability shall be clearly identified and des- 
cribed. The organizational relationship Detween engineering, production, 
reliability, and quality assurance, procurement, and management shall be 
clearly indicated. 

The segment responsible 

b. Shor t  biographical sketches of all key personnel. 

c. List of government cmtracts held and major purchase orders 
received, with 2 statement of performmce (price, delivery, yield, and re- 
jectior. rate). 

d. Number of surveys made by NASA centers, prime contractDrs 
and subcontractars during previous 6- and 12-month periods. 

e. Description of the failure analysis program, including 
failure defect analysis capabilities, failure mode detection, and corrective 
action programs. 

f. Product-assurance-oriented training programs, covering all 
pha.ses of activity involved in producing transistors. 
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g. Prcduct assurance controls applied to subcontracto-3 and 
veridors in connection with their supply of parts and materials, as hppli- 
cahle . 

h. Manufacturing flow chart for all production operations that 
identify in sequence the materials, processes, and inspections used and that 
list the document number and revision of th2 damhentation covering these 
materials, processes, and ins-pctions. 

i. Lot control plan for the traceability of materials and 
processes used throughout the manufactbring cycle, including part identifi- 
cation. 

j. Manufacturing line or lines for  which the manufacturer 
wishes to obtain approval. 

k. List of transistor orders delivered to NASA, prime con- 
tractors, or to subcontractors within the past 6 months. 

3.2.2 Criteria for Part Manufacturer Qualification 

In order to meet the qualification requirements, the part manu- 
facturer must complete the questionnaire of appendix A nerein, stipply the 
survey data of '.2.2.3 herein, and demonstrate standardization practices, 
process controls, documentation and change procedures, subcontractor and 
part manufacturer control methods, inspection methods, and storage techniques 
to the survey team. 

3.2.2.1 Standard zation of Design Practices arid Processing 
. Procedures 

The part manufacturer shall maintain continuous stand- 
ization and control of design practices and processing procedures, and shall 
formalize his results for use by his design, drafting, fabrication, and in- 
spection personnel. The part mariufacturer's product-assurance organization 
shall be responsible fo r  reviewing these standards for adequacy in meeting 
product-assurance requirements of purchase orders, arid for monitoring and 
assurirlg that they are being followed. The part manufacturer shall review 
the specifications of all his subcontractors for compatibility with the 
requirements of this specificatim, and ali specifications shall be submitted 
for inspectim by the survey team, upon request. Typical areas to be covered 
i n  this standardization system include: 

a. Process specifications 

b. Fabrication, assembly, m e  machining specifications 
c. Drafting pactice arid drawing Specifications 
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4 q . 2 . 2 . 2  Process Control Charts 

Design and process control  s h a l l  be monitored by the p a r t  
manufacturer through cont ro l  char t s  on appropriate producc and process 

. v a r i a b l e s ,  tolerances,  and other  cont ro l  techniques, as necessary. 

3.2.2.3 Process Control Documentation 

The p a r t  manufacturer s h & i l  completely document wi th  
spec i f ica t ions  and procedures t h e  procurement of  p a r t s  and materials, mate- 
r ials inspection, t r a n s i s t o r  manufacturing processes, and inspections used 
t o  control  these processes. The documentation s h a l l  include i n t e r n a l  pro- 
cedures f o r  t h e  control  and Levisions of a l l  documents. T h i s  documentation 
s h a l l  be ava i lab le  f o r  review by the survey team. 

3.2.2.4 Speci f ica t ion  and DrawinR Control 

The p a r t  manufacturer s h a l l  adequate7-* cont ro l  the i s sue  
of new o r  revised process ss Afica t ions ,  inspection procedures, and procure- 
ment spec i f ica t ions ,  and sha i l  provide f o r  t h e  r e c a l l  of obsolete issues. 
The spec i f ica t ion  cont ro l  ( o r  equivalent e c t i v i t y )  sha l l  know the loca t ion  
of a l l  operat ional  i s sues  of spec i f ica t ions .  Spec i f ica t ion  revis ions (and 
new issues) shal l  require  approval by t h e  appropriate levels of  production, 
engineering, and pmduct-assurance management. Proprietary process o r  design 
spec i f ica t ions  sha l l  be handled i n  the same (or  equivalent)  formal manner 
as o ther  spec i f ica t ions  although they need not be made available t o  the 
survey team nor be given the same d i s t r i b u t i o n  as other  spec i f ica t ions .  
However, they s h a l l  be iden t i f i ed  on product-flow char t s  by t i t l e  and number. 
Spec i f ica t ion  control  (CY equivalent a c t i v i t y )  s h a l l  have a record of  i s sue  
loca t ions  and revis ion h i s to ry .  

I n t e r n a l  process, inspection, and other  spec i f ica t ions  
s h a l l  show the customer revis ion status when customer 2rwings o r  spec i f i -  
c a t i o l s ,  provided f o r  contracts ,  are referenced. When changes t o  customer 
spec i f ica t ions  are received, the impact on ac t ive  products shall be evaluated 
by comparison wi th  the p r i o r  customer documents; they sha l l  therefore,  be 
maintained i n  a controlled,  known locat ion.  

3.2.2.5 Propr ie ta ry  Processes and Procedures 

Documents d.escribing propr ie ta ry  processes need not be 
made ava i lab le  t o  the qual i fying act ivi ty;  but upon the s p e c i f i c  rcquest of  
t h i s  activity, an o f f i c i a l  of  the  2art manufacturer s h e l l  show t%e qualify- 
ing a c i t i v i t y ,  t ha t  t h e  proprieta-*y operations are completely defined and 
t h a t  proper controls  a r e  specif ied.  
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3.2.2.6 Control of Procurement Sources 

We p a r t  mariufacturer s h a l l  exerclse  control  over h i s  
sourccs of supp: 
purchksed part,c - . iterials, and sha,' aa in t a in  records of  product per- 
formance of each sc- t ier  p a r t  manufscturPr. 
tests necessary t o  ve r i fy  t h a t  raw mater ia ls  conform t o  design requirements 
s h a l l  be per iodica l ly  cmducted cn samples randomly selected from raw mate- 
r ia l  received. 
records fo r  t h e  l o t  selected.  

contractors t o  assure the qua i i ty  and r e l i a b i l i t y  of 

Chemical analyses and physics1 

Test results s h a l l  be incorpora+-5 as p a r t  of t h e  inspection 

3.2.2.7 Par t  Manufacturer's Receiving Inspection 

Receiving Ins2ection s h a l l  operate under prescribed pro- 
cedures and maintain a formal record system. A forEal aethod of hand lkg  
rejected Ea te r i a i  s h a l l  be i n  evidence. There s h a l l  be a segregation of 
accepted na te r l a i ,  re jected materiai ,  and p a r t s  being neld p r i c r  t o  f i n 2 1  
disposi t ion by Receiving inspection. The above c m t r o l  procedures s h a l l  
be implemented f o r  such items as packages, semiconductor mater ia l s  end 
other types of substrates ,  piece pa r t s ,  sol*jer preforms, wires, and pure 
chemicals. 

3.2.2.8 Nonconforming Materials 

The p a r t  manLzfacturer shall provide f o r  the  review, 
control, anc a i spos i t ian  of nonconforming mater ia ls .  Each nonconformance 
s h a l l  be rsIiewed, a aisposlt iorl  sha l l  be made by personnel vested wi th  
t h i s  r e s p c s i b i l i t y ,  and ? - - l t i ve  correct ive ac t ion  s h a l l  be taken t o  pre- 
vent recurrence qf s i m i l e  .crepancies. Per t inent  drawings ana dc2uneq- 
t a t i c r  s h a l l  :.e cnarigeif o r  i n i t i a t e d ,  as necessary. 

3.2.2.9 M e 3 s u r i .  and Test E q u i p e n t  

The p a r t  manufacturer shalt_ provide and maintain ~ - - a s u r -  

These device s h a l l  be ca i ibra ted  a t  established 
ing and t e s t ing  devices necessary t o  assure t h a t  t r a n s i s t o r s  conform . 
technical requirements. 
periods against  c e r t i f i e d  measurement standards which have known va l id  
re la t iocsh ips  t o  nat ional  standards t o  assure continued accuracy. The 
objective is  t o  assure t h a t  inspection and test ecuipment i s  adjusted, 
replaced, o r  repaired before i t  becomes inaccurate. ?be ca l ib ra t ion  of 
measuring and testing equipment s h d l  be i n  conforman;? w i t h  MIL-STD-750. 
The p a r t  manufactfirer s h a l l  assure the use of only those subcontractors 
and sources OS s q p l y  which depend on c3l ibra t ion  systems t h a t  e f f e c t i v e l y  
ccjntrol the accuracy of measuring acd testing equipment. 
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3.2.2.2-0 Inventory Control. 

F;om the  time of mater ia l  r ece ip t  through processing 
and completior. of the t r a x i s t o r s ,  a l l  mater ia ls ,  p a r t s  and f inishzd products 
s h a l l  be hsndled and s tored i n  suck; a way t h a t  t h e  i d e n t i t y  and q u a l i t y  of 
such items w i l l  be preserved. 
f i r s t - o u t  bas i s .  Materials and p a r t s  s h a l l  be t raxferred and transported 
i n  containers or  equipment and by methods t h a t  w i l l  adequately p ro tec t  t h e i r  
qua l i t y  and iden t i ty .  

A l l  materials  s h a l l  be used on a first-ir,, 

3.3 Li .ne CPr t i f ica t ion  (Phase 111 

3.3.1 Line Survey 

The p a r t  manufacturer's semiconductor l i n e  o r  l i n e s  t G  be 
used f o r  the fabr ica t ion  of the t r a n s i s t o r s  of  i n t e r e s t  t o  the  3ASA prime 
contractor shal l  be surveyed. 
team t o  witness  a l l  l i n e  a c t i v i t i e s  w i t h  the exception of  propr ie ta ry  process- 
es and s h a l l  assist i n  completing the L ine  Cer t i f i ca t ion  Checklist  (appendix B 
herein).  

The p a r t  manufacturer s h a l l  a l l c w  t h e  slrv.?y 

3.3.1.1 Time of Survey 

A l i n e  survey s h a l l  not bc, made p r i o r  t o  t h e  request 
f o r  p a r t  manufacturer qua l i f i ca t i cn .  
same tize as the p a r t  manufacturer q u a l i t y  survey, o r  st a t h e  negotiated 
between t h e  primc ront rac tor  and the  part manufacturer after rpceipt  by the 
prime contrpctor of  a f o r a a l  request f o r  l i n e  c e r t i f i c a t i o n .  

The l i n e  s-wvey may be made during t h e  

3.3.1.2 Resurvey Requirements 

While t he  l i n e  is  l i s t e d  on the CU, 2 resurvey w i l l  
not be required unless a major change i s  e f fec ted  i n  the l i n e .  Examples of 
sack: changes include 3 major process chsngE, major equipment chsnge, o r  change 
i n  inspection philosophy or procedures. 

3.3-1.3 Line Survey Data 

Yhe p a r t  manufacturer s h a l l  provide t h e  survey team 
wi th  da ta  t h a t  w i l l  be used f o r  making a decision. T h i s  data s h a l l  include 
the  following: 

a. Process Flow Chart 

The part manufactuler sn?ll pi-esent a precess 
flow char t  of a typ ica l  t r a n s i s t o r  wltilin each family f o r  which cer t i f icz t . joq  
is  requested. 
t i on  x i t h  symbols t o  d is t inguish  between each process. 
clude any measurement, test ,  o r  gisual  inspection serformed. The process 
flow char t  s h a l l  show the  following addi t iona l  items: 

The char t  siizll shcw t h e  sequence of f ab r i ca t ion  and Inspar.. 
Inspection s h a l l  i n -  



Specificctioq nrunber for each fabrication or 
inspection step with ';e of latest revision. 

@ Organization performing each process (pro- 
duction, Q.S., etc.). 

0 Points at which statistical control records 
are kept. 

b. - RoiTte Ticket 

The part manufactcrer shall demonstrate the use 
of a route "icket for each lot. The ticket shall show, as B minimum, the 
following informat ion: 

Lot identification 

0 Name of operation 

0 Date of each operation 

0 Loss, if any, at each operation 
-3 

0 Operator's name. 

c. Process Cor?trol Chart 

The part manufacturer shall show a process 
control chart that has been prepared and maintained duririg the manufacture 
of transistors. The process control chart, shall contain, as a minimum, 
the following information for each process (as applicable): 

0 Lot  identification 

o Process dates 

0 Number o? items inspected 

0 Number or percent defective 

Median values (from mechanical and electrical 
tests) 

0 Range of values. 

d. Documentatim 

Thz part manufacturer shall demonstrate that 
dacmmtation is axailable -Lo operating personnel on the line at all times. 
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3.3.2 Criteria f o r  Line C e r t i f i c a t i o n  

I n  order  to  meet the  l i n e  c e r t i f i c a t i o t ?  requirements, the  
par t  manufacturer s h a l l  supply t h e  l i n e  survey data o f  3.3.1.3 herein,  
demonstrate the processes  from wafer prepara t ion  .hrough package sealing, 
and demonstrate t h e  q u a l i t y  c o n t r o l  techniques such as screening and t r ace -  
a b i l i t y .  
closed by process  specification t i t l e ,  number, and r ev i s ion  designat ion.  

P r o p r i e t a r y  processes  need not  be demonstrated, bnt should be d i s -  

3.3.2.1 Wafer Prepara t ion  

The part manLfacturer shall demonstrate h i s  con t ro l  
cf iiaf‘ers by ind ica t ing  h i s  techniques f o r  t h e  measurement of: 

a. Thickness 

b. F l a tnes s  

c. Pa ra l l e l i sm 

d .  Surface roughness 

e. C r y s t a l  pe r f ec t ion  

f .  Surface o r i e n t a t i o n  

g. Lifetime 

11. Oxygen content  

i. Conductivity 

j .  R e s i s t i v i t y .  

A 100% visual inspec t ion  on wafers, just prior t o  
passivation, s h a l l  be demonstrated. 

1.1.2.2 Surface Pass iva t io r  

The part  manui’acturer shall specify: 

a. The type of l a y e r s  formed on t h e  s u b s t r a t e  
(Si02, si3~4, etc . ) .  

b. The methods used t o  form t h e  1ayers.on %he 
s u b s t r a t e  (simple oxidat ion,  ox ida t ion  during d i f fus ion ,  spu t t e r ing ,  etc.) . 

c .  The purpose of the  layer (masking, passivating, 
or dielectr ic) .  

NSL-C40I 
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For each type of layer ,  each method of formation 
used, and f o r  each purpose, t he  p a r t  manufacturer s h a l l  specify t h e  thick- 
ness o f  l aye r  t o  be grown or  deposited i n  the 500 t o  15,000 A range and sh*;rll 
demonstrate the  method used t o  measure t h e  thickness of each l aye r .  

Thepart  manufacturer s h a l l  demonstrate the  method 
used during production f o r  de tec t ing  and measuring t h e  dens i ty  (no./cm2) and 
s i z e  diameter i n  &i.clrons, of pinhcles  and cracks i n  a typ ica l  pass iva t ing  
l aye r .  

Thepart manufactrirer sha l l  demonstrcite h i s  procedure 
and equipment used t o  m a k e  a p r a f i l e  of each type of furnace. (oxidat ion)  
that forms a pass iva t ing  l aye r .  
frequency a t  which each furnace is  prof i led ,  the p r o f i l i n g  t o o l  (potent io-  
meter) i s  cal ibrated,  and t h e  p r o f i l e  is monitored. 
strip chart, shall be maintained o f  t h e  mollitor readings. 
be e a s i l y  in te rpre ted  and kept near t h e  furnace. 

Thepart mnufac turer  s h a l l  s t i p u l a t e  t h e  

A record, such as a 
This  record sha l l  

The partmanufacturer s h a l l  demonstrate procedures 
f o r  cor rec t ive  ac t ion  i n  the event the  temperature d r i f t s  out of tolerance.  

A t  least one monitor wafer shall  accompany each 
batch of wafers through the passivat ion step.  

Thepart manufactuyer s h a l l  i d e n t i f y  each type of 
photores i s t  in s I 8 3  negative, pos i t ive ,  KPR, A X - l l ,  etc . ) .  A change 
i n  v i s c o s i t y  by 
type. The part ~ ~ k r .  1 -I. ctturer s h a l l  demonstrate t h e  procedure f o r  receiving 
and s to r ing  each t.yi)t: of  photores i s t .  Control methoCs for t h e  v i scos i ty ,  
s o l i d  residue, l!ne width u r  def in i t ion ,  and pinhole count of  each type 
of photores i s t  shall be indicated.  The areas i n  which photomasking and 
etching are t o  be perforned,including minimum requirements for dust,  humidity, 
temperature, and l i g h t i n g  coqditions, shall be defined. The part nanufac- 
turer .=hall  demonstrate t ne  applicationof photores i s t .  Application parameters 
an2 cechniquires t h a t  depenrl on t h e  subsequent etching (e.g.  oxide or 
aluninum), shall  be specif ied.  
be described by the  p a r t  manufacturer: 

-!ring tne  amount of  thinner  shall not cons t i t u t e  a d i f f e r e n t  

The following processes and c r i t e r i a  s h a l l  

0 Met!iod of mountiQ the wafer 

Temperature of  photores i s t  during appl icat ion 

a Time of  ro t a t ion  

Speed of ro ta t ion  

0 Time temperature for drying of photores i s t  

0 Viscosi ty  zange of  the phokoresist. 
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When the photoresist is baked, temperature control 
procedures shall be defir,ed. The part manufacturer shall demonstrate the 
photmesist inspection procedures. He shall aemonstrate the control of the 
photoresist exposure an6 development processes, including inspectior of the 
photoresist pattern for irregularities such as pinholes, scratches, poor 
definition, lifting, and misregistration. Post bake, etching, and photo- 
resist removal along with the inspection criteria shall be defined by the 
part manufacturer. The control of masks and maxking teZht3ques shall be 
demonstrated by the part manufacturer. 

3.3.2.4 Juction Formatian 

team the following tests: 

e 

e 

0 

a 

0 

0 

0 

a 
depth on an epitaxk . layer 

a 
on a diffuse3 transistor. 

Thepart manufactirrer shall demonstrate to the survey 

Profiling of a diffusion tube 

Temperature check of a diffusion tube 

Temgerature check of an epitaxial furnace 

Flow contyol of gases in diffusion 

Flow control of gases in epitaxy 

Loading and unloading diffusion tube 

Loa2 and unloadmg En epitaxy furnace 

Measurement of sheet resistivity and junction 

MeasuremerLt of emitter and base junction depths 

3.3.2.5 Metallization 

Thepart manufacturer shall indicate each type of 
metallization used in production for dhich he requests q- alification (Al-A1, 
A1-Au, Al-Mo-Au, etc.). The part manufacturer shall demonstrate the controls 
and the metallizing process as specified below. 

0 Temperature of substrate, vacuum, and heat -- 1 2 R  
relationship on metal to be deposited 

0 Monitoring of metal thickness 

0 Temperature, time, and environment duri;lg 
alloying 
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0 Time,  temperature, and concentration of eLJcl.ing 

0 Removal of e tchant .  

The part manufacturer s h a l l  explain t h e  correct ive 
ac t ion  taken if tolerances f o r  each control  a r e  exceeded. 

3.3.2.6 Die Sor t  Inspecticn 

Thepart manufacturer sha l l  demonstrate s. t yp ica l  
d i e  s o r t  inspection, i,i.=lvlding production and qua l i ty  control .  The equip- 
ment and v i s u a l  aids used 3s guidelines,  route t i c k e t  records, and accepted 
and re jec ted  c r i t e r i a  s h a l l  be de f ined .  

3.3.2.7 D i e  Mounting 

The part manufacturer s h a l l  indicate:  

a .  The types of  d i e  (Ge, Si,GaAs, e t c . )  

g lass ,  e t c . )  

sapphire, e t c .  ) 

b.  The bonding agent used ( t i n - l ead  solder ,  epoxy, 

c.  The package mount mater ia l  (metal, be ry l l i a ,  

d .  The design used (bumps, preform, e t c .  1. 
Thepwtmanufacturer sha l l  demonstrate the  temper- 

ature control  when heat  is  used i n  mounting the  chip. 

3.3.2.8 Wire Bonding 

The part manufacturer s h a l l  i den t i fy  each type o f  
bonding used i n  current  prodfiction, such as: 

a. Kind of lead (wire, beam-lead, f l ip-chip,  e t c . )  

b. Size of lead (3/4 m i l ,  1 m i l ,  1 l / 2  m i l  diameter, 
1 x 12 micron beam, etc.)  

c.  Material ( A l ,  ALL, Cr-Atl, e t c . )  

d .  Technique ( thermocompression nailhead, thermo- 
cosrrpression wedge, u l t rasonic ,  e t c .  

3.3 9 Pre-seal Visual Inspection 

Thepart  manufacturer s h a l l  demonstrate a t y p i c a l  
pre-seal  inspection with respect  to:  
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a. Type of die (flip-chip, eutectic bonded, etc.) 

b. Type of interconnection (Al -A1,  A1-Au, etc.) 

3.3.2.10 Sealine 

Theghrt manufacturer shall indicate: 

a. The types of seals used in production (TO-5, 
TO-18, etc.) 

b. The technique useir ' -  .tarn welding, resistance 
welding, furnace cycle with solder, hot-press pi solder, epoxy cure, etc.). 

Thepart manufacturer shall demonstrate controls 

The part manufactuer shall demonstrate that heat applied 
over temperature, time, and vacuum during pre-seal bake, and over the main- 
tenance of records. 
t o  the transistor for sealing shall be controlled so that no significant 
mechaiiical or electrical degradation w i l l  result. 
established for  each sealing temperature. 

A maximum time shall be 

3.3.2.11 External Inspection 

Thepart manufacturer shall identify his procedures, 
visual aids, route tickets, and records cn transistors prior to packaging. 

3.3.2.12 Quality Control 

Thepart manufacturer shall demonstrate his qua2.ity 
contrcl methods to ensure the productior! of reliable transistars. 
methods shall include: 

These 

a. loo$ screening procedures 

b. Failure analysis methods 

c. Traceability techniques 

d. Feedback methods from quality stations to line 
operations. 

3.4.5 Procurement Lot Acceptance 

Upon verifying the satisfactory completion of the performance 
requirements in the general and appljcable detail parts procurement speci- 
fications by the part manufacturer, the primecontractor shall approve the 
procurement lot as accepted and qualified NSL parts and shall add the detail 
part procurement specification number to the Mandatory Parts List (MPL). 
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3.4 P a r t  Procureidlent and Qual i f ica t ion  (Phase 111) 

3.4.1 P a r t  P 1-0 cur eml? - n t 

The prime conti-actor s h a l l  negot ia te  t he  p r i c e  and de l ivery  
of the  procurement l o t  w i t h  the  p a r t  manufacturer. 

3.4.1.1 Procurement Lot 

The procurement l o t  s h a l l  be adequz-re t o  provide 
the ent i re  quant i ty  of t h e  s p e c i f i c  NSL p a r t  required by a l l  contractors  
throixhout the  program, f o r  f l i g h t ,  t e s t ing ,  spares and contingency. The 
i n t e n t  sha l l  be t o  secure the  r e l i a b i l i t y  arid cost  effect iveness  achievable 
with s ing le  ( l a r g e )  l o t  procurement and l o t  qua l i f i ca t ion .  

3.4.2 P a r t  Fabrication 

The prime contractor s h a l l  monitor the  p a r t  f ab r i ca t ion  t o  
the  product requirements specif ied i n  the  general  procurement spec i f ica t ion  
NSL-A401 and t h e  applicable d e t a i l  procurement spec i f l ca t ion  NSL-A401/ . 

3.4.3 Acceptmce Test 

The prime contractor s h a l l  monitor the  acceptance t e s t  i n  
accordance wi th  the  general  procurement spec i f ica t ion  NSL-A401 and t h e  
appl icable  de ta i l  procurement spec i f ica t ion  NSL-A401/ - . 

3.1k.4 Qual i f i ca t ion  Test 

The prime contractor s h a l l  monitor t h e  qua l i f i ca t ion  tes t  i n  
accordance with the  general  procurement spec i f ica t ion  NSL-A401 and t h e  ap- 
p l i cab le  de t a i l  procurement spec i f i ca t ion  NSL-A401/ - . 
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4. REVOCATION AND REINSTATE3ENT REQUIREMENTS 

4.1 Loss of Part Manufactuer Qualification Status 

Loss of the partmanufacturer qualification status may result from 
the following: 

a. Failure to comply with the quality survey requirements specified 
herein when producing, testing, stocking, and documenting parts to the 
applicable specifications. 

b. Failure to maintain line certification for at least one manu- 
facturing line. 

4.2 Loss cf Line .'ertificatic;i 

Loss of line certification by thepart manufacturer may result from 
the following: 

8. 

least once annually. 
Failure to produce transistors on the certified line(s) at 

b. Failure to comply with the Change Notification requirements of 
the NASA NSL-A401 general procurement specification. 

c. 
tors from that line. 

Failure to maintain part quaiification for one or more transis- 

d. Changes in conditions, such as f i r e  or relocation. 

4.1 LOSS of Part Qualification 

Loss of part qualification by the part manufacturer may result from 
the following: 

a. Violation of any conditions listed in sections 4.1 and 4.2. 

b. Failure to comply with the Change Notification requireinents of 
the NASA NSL=A401 general specification specification. 

c. Failure to comply with the data and report-submission require- 
ments. 

d. Failure to maintain an acceptable delivery schedule. 

e. Violation of the product-assurance provisions of the applicable 
specifications. 
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4.4 Reinstatement of Qualificaticn Status of Part Manufacturer Line o r  
Part Qualification 

Part manufacturers who have lost qualification to supply transistors 
to the procurement specification may have qualification reinstated after all 
SU, y s ,  tests, studies, and measurements of the original qualification 
have been reviewed and, if necessary, repeated t o  the  extent specified by 
the original qualifying activity. 
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5 IX)SUMENTATION REQUIREMENTS 

5.1 hrt rnnufacturer E l i a i b i l i t y  Doc mentat ion 

The documentation required i n  3.2.1.3 hereir, and t h e  completed Part 
Manufacturer Questionnaire (appendix A) s h a l l  be submitted by t h e  p a r t  manu- 
fac turer  t o  the  prime contractor  before thepartinanufacturer survey of 3.2.1 
i s  i n i t i a t e e .  

5.2 Line Cer t i f i ca t ion  Documentation 

The l i n e  survey data required i n  3.3.1.3 herein s h a l l  be submitted 
YJy the p a r t  manufacturerto the prime contractor before ;he part manufacture:- 
survey of  3.2.1 i s  i n i t i a t e d .  

5.3 Par t  Qua l i f i ca t ion  Documentation 

The Qual i f icat ion Test Report required i n  5.1.4 of the  NASA general 
procurement spec i f ica t ion  NSL-A401 shall  be submitted by the p a r t  manufacturer 
t o  t h e  prime con$ractor af ter  the  completion o f  the quLiif icat ion t e s t .  
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6.1 Composition of Survey Team 

The survey teare shaE consist ~f.3A55.A and its prime contractor 
personnel, who are experienced in company organization, modern manufacturing 
methods, and quality assurance prcxedures. 

6.2 Survey Cost 

The prime: contractor shall stand the expense of the salaries, travel, 
md incidentals of the survey team; the part manufacturer shall stand the 
expense of receivirrg aid conferring with the survey team at the transistor 
facility mutually agreed upon. 

6.2 Line Certification Checklist 

The survey team shall cxmplete ,̂he Line Certification Checklist 
(appendix B) during the survey specifiec- in 3.3.1 herein. 

6.4 Survey Report 

The survey team shal l  sllmnrzrize its findings in a report and 
transmit a copy to the part manufacturer's management. 
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7. ABBRmATIGNs, STMBOIS, AM)DEmru!rI~ 

7.1 Abbreviations 

7.1.1 CUI Certified Line List 

7.1.2 MEL Manuf'acturer El ig ib i l i ty  List 

7.1.3 MR Mandatory EBrts List 

7.1.4 E L  HASA Special Long-Life 

7.2 Symbols 

Not applicable 

7.3 Definitions 

loot applicable 
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?RECEDING PAGE BLANK NOT FILMEE). 

APPENDIX A 

PAKP MANUFA(X”!? QUESTIONNAIRE 

1. HISTORY 

1.1 company -__---- 

Division 

Add res s 

City and State 

Phone __ 
Person to Contact 

1.2 Fabrication Activation Date for Transistors 

1.3 Device Types to be Qualified 

~~ - ~ 

1.4 Fabrication Activation Date for Each Type 

1.5 Tota l  Number of Employees 

Quality Assurance (&A) 

Production 

Engineering --__ 
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1.6 Plant Area Square Feet 

1.7 Mhnufazturing Area Square Feet 

1.8 Types of Transistors Manufactured 

1.9 Government Service Inspection: Resijent Itinerant 

1.10 Facilities Available for: 

a. Continuous Production 

b. Pilot Production 

c .  R & D, Limited Production 

2. MANAGEMENT 

2.1 Name and Title of Key Personnel 

2.2 Does Reliability .lave authority from management equal to that of 
Engineering and ?reduction? 
for reliability of products in the iine? 

Does this mean a direct responsibility 
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2 . 3  Does the QA Manager have direct autiLority f c r  implementing quality 
policy and action in the line?. 

2.4 Is there a regular, summarized, quality reporting system t o  manage- 
ment? Does action correction in the line result? 

3. QUALITY ASSURANCE (QA) 

3 . 1  To whom does the QA Manager report? - -- 
-_--- 

3.2 Do commitments to corrective action by Q,A Management have staff 
Which act prevails? influence or  direct authority in the line? 

3.3 What is the @/Reliability relationship? 

3.4 What is the ratio of Q,A inspectors to direct production employees? 
--__ - -. . - - -_-_-. - _  
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Yes No 

3.5 Are procedures for identification and positive control - 
of rejected or accepted material described? 

3.6 Is there a system for: 
a. In -process failure analysis? 
b. End-item faihre? 
c. Reporting? 

3.7 Are correction requests and replies documented at: 
a. In-process Inspection? - 
b. Final Inspection? 7 

3.8 Are written inspection procedures located and used in 
the areas of: 
a. Receiving Inspection? - 
b. In-process Inspection? -- 
e.  Batch Processing? - 
d .  Final Test? - 

3.9 Does QA perform first piece or set-ucp inspection? - 
Does QA audit this inspection during the run? 
Are calibrations or equipment maintained and current? 

- 
- 

3.10 Does Q,A provide for review of purchasing documents to 
assure inclusion of pertinent quality data prior to 

.-- 

release for procurement? .-- 

3.11 Do current s+zification revisions show on flow records? - - 
4. EQ.JKEMEXC CALIBRATION 

4.1 Is there an effective calibration record control system? - 
4.2 Are decals in use f o r  physical equipment identification 

(to indicate that the units have been calibrated when 
the next calibration is due) and the calibrator's 
identification? - - 

4.3 Are adjustments on calibrated equipment required to be 
sealed and tamper-proof? - - 

4.4 Do the part manufacturer's procedures provide for the 
removal from service of any equipment that has not been 
maintained or calibrated in accordance with established 
schedules? -. - 
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5 -  

Ye s 

4.5 Does the part manufacturer have current CL rtification 
of equipment on file reflecting standards calibra- 
tion (date, traceability to National Bureau of 
Standards (NBS) ,  and calibrator)? 
a. Mechanical standards? - 
b. Electrical standards? - 

4.6 Is new specialized test equipment for acceptance 
Fiirpcses "proved" on products by &A before release 
for use? - 

DRAWING AND CHANGE CONTROL 

5.1 

5 -2 

5.3 

5.4 

Does the part manufacturer's system provide for a 
documented change control which will guarantee that 
the required drawing is available at the point of 
manufacture and inspection? - 
Does the part manufacturer's drawing and change 
control system guarantee the removal of obsolete 
docanentatl.on from the manufacturing and inspec- 
tion areas? - 
Does the €),A review all drawing.< and changes thereto 
before they become effective? - 
Does the part manufacturer have a procedure to control 
temporary changes, deviations, or waivers? - 

6 .  FGLIABILITY 

6.1 

6.2 

6.3 

6.4 

6.5 

Are failures (types of causes or failures) in the 
line accumulated, anaryzed, and reported to action 
addressees? - 
Are corrections as to parts or process changes 
resulting from failure analysis, cooruinated with 
the customer, QA, or Reliability? - 
Does Reliability have the right of approval on test 
specifications, data tabulation, and part or process 
changes? - , 

Is a failure analysis laboratory, or equivalent, 
available? - 
Does Relisbility have access to all pertinent trsn- 
sistor development and production data for anal~sis? -. 

No 
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6.6 Is r e l i a b i l i t y  data  ava i lab le  cri t r a n s i s t o r s  +rom 
l i n e  o r  lines f o r  which the  p a r t  manufacturer 
seek approval? 

'li 

7. INCOMING INSPECTICN 

7.1 Are mater ia ls  received  it^ a controlled area t h a t  
would prevent removal p r i o r  t o  inspection? 

7.2 Do supervisors review tes t  reports  received from 
v n d o r s  ? 

7.3 Are accepted materials adequately ident i f ied?  
Is acceptance evidenced on aocuments? 

7.4 Are x j e c t e d  materials adequately i d e n t i f i e d  and 
segregated? 

7.5 Are the shelf l i f e  and cure dates of materials 
properly iden t i f i ed  and controlled? 

7.6 Do records ind ica t e  t h a t  mits, l o t s ,  o r  s p l i t  l o t s  
a r e  t raceable  t o  appl icable  documents ( specif icat ion,  
revis ion le t te r ,  and inspection record)? 

7.7 Are n a t e r i a l s  s tored i n  a controlled area under the  
charge of an authorized custodian? 

7.8 Is t h e  o r i g i n a l  qua l i t y  acceptance iden t i f i ca t ion  
maintained through the s torage period? 

7.9 Are physical and chemical tests performed on raw 
materials? 
Are such tests performed in-house? 
Are such tests performed out-of-house? 

8 IN-PROCESS INSPECTION 

8.1 Are t r ave le r  documents used f o r  the  seq-,?nce and 
c w t r o l  of a l l  operations and processes? 

8.2 Do t r a v e l e r  documents reference inspection 
procedures? 

8.3 Are f i r s t -p i ece  or  set-up inspections performed 
by &A? 
Are there  p a t r o l  inspections during the run? 

Yes No 



8.4 Is there a specif ied materiaJ review procedure? 

8.5 Are Corrective Action Requests written? 

8.6 Are rejects from manufacture analyzed and modes 
summarized and reForted? 

8.7 Are mi1ita;Yy sampling plans used? 

9 .  MANUFACTURING CONTROL 

9.1 Are t r ave le r  documents which show the sequence of 
processes available? 

9.2 Are documents which descr ibe in-process maidfac- 
tu r ing  controls and procedures available? 

9.3 Are control  char ts  f o r  batch processes used and kept 
current? - 

9.4 Are standards for t h e  handling, c leanl iness ,  and 
care of materials, p a r t s  and equipment specified? - 

9.5 Does QA have au thor i ty  t o  s top  product flow when 
out-of- control sondi t i ons  ex i s t ?  - 

9.6 Are elemental p a r m e t e r  d i s t r ibu t ions ,  such as f o r  
base voltage, gain, and resistivity, recorded a t  key 
process steps? 

10. FINAL TEST 

10.1 Do F ina l  Test personnel (QA) have wr i t t en  inspectior* 
and t e s t  procedures f o r  product c lasses  on t h e  l i ne?  

10.2 L.3 procedures p!,ovide f o r  material review and disp"- 
s i t i o n  of nonconforming devices? 

10.3 Do inspectors use assigned stamps t o  ind ica te  
inspection s t a t u s  or? p a r t s  and accompanying 
documents? 

10.4 Are L r r e c t i v e  Action Requests writ ten? 

10.5 Are rejected devices iden+.i%ied and segregated i n  
a controlled area? 

10.6 Are device failure experiences &ixlyzed? 
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Yes HO 

?9.7 Is a testing laboratory, or equivalent, main- 
tained by for: 
a. Electrical tests? - 
b. Mechanical tests? - 
e. Chemical tests? - 

10.8 Are statistical controls on device parameter 
distributions maintained? - 
Are they reported to  QA or Reliability? - 

10.9 Is an euvironnrontal test facility maittained for: 
a. Temperature (high, low, cycle) 
b. Sh ck (mechanical, thermal) 
c. Acceleration 
d. Vibration (f'ixed, variable) 
e. Moisture resistance 
f D  Altitude 

h. Hemeticity 
CI- x-rsy 

(1) Pine leak rate 
(2) Gross leak rate 

i. Lead fatigue 
j. L i f e  (aperating) 

10.10 Is autaaatic equipment used for electrically test- 
ing trarisistors? - 
Does it ham vsriables reading capability? 
Does it have attributes reading (go, no-go) 
capability? - 
Can it be used for dc and ac tests? 

- 

- 
11. FACILITIES 

11-1 Does thepart lsanufacturer have his  own mnsk-making 
facility? - 

U.2  Are mask-making operations performed i n  an ultra- 
clean room? - 

11.3 Are photoengraving (photoresist exposure opera- 
tions performed i n  an ultra-clean room? - 
If answers to  11.1 ar U.2 above are "yes", what 
are the clean roam specifications? 

11.4 Are particle counts taken and recorded re@arl3? - 
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12 . 

11.5 Are clean room d i sc ip l ines  and procedures as t o  
clothing, access, eat ing,  materials allowed, 
ccsmetics, etc. described? 

11.6 Are tlnfinished and f in i shed  products of t h e  area 
suitably protected t o  maintain their level of 
c leanl iness? 

11.7 Does QA audit  cempliance wi th  procedures and 
s t a n d c  ,'s? 

SHIPPIYG 

12.1 

12.2 

12.3 

12.4 

Yes 

- 

- 

-- 

Lees the  part manufacturer have wr i t ten  procedures 
t h a t  cont ro l  the  transistors? - 
Are materials designated f o r  shipment properly 
iden t i f i ed ,  handled, and protected? - 
Do copies of customer purchase orders  and 
evidence of inspection acceptance accompany 
material t o  shipping (from F i n a l  Test)? - 
Do shipping docunents reflect inspection status 
or  evidence of inspection, i den t i f i ca t ion ,  and 
similar : Vpping requirements? - 
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FRECEDING PAGE BLANK NOT FILMED. 

lwPm?DIX B 

LINE C3FiTIF'ICATIOIY CHECKLIST 

1. HISTORY 

1.1 Company 

Address 

City u.d State 

Phone 

Person t o  Contact 

1.2 Activation Date for Fabrication of Line. 

1.3 Device Types Fabricated on Line 

1.4 Activation Date for Fabrication of Each Transistor Type 
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2. FABRICATION METHODS AND MATERIALS 

2.1 What traceability techniques are used? 

2.2 Wafer Preparation 

\ 2.2.1 Which of the following tests are performed 
t 

on the wafer? 

2.3 

a. 
b. 

d- 
e. 
f. 
6- 
h. 
i. 

C .  

3 .  

Thickness 
Flatness 
Parallelism 
Surface roughness 
Crystal perfection 
Surface orientation 
Lifetime 
Oxygen content 
Conductivity 
Resistivity 

Yes 

. - 

NO 

Surface Passivation 

2.3.1 What tykes of layers ere formed? 

-- 

2.3.2 What methods are used? 

2.3.3 What is the purpose of each layer? 



2.3.4 What is the thickness o f  each layer? 

2.3.5 How often is each fwrnsce profiled? 

2.3d How often i s  the profiling equipment calibrated? 

2.3.7 How often is  the profile monitored? 

2.4 Photolithography 

2.4.1 What type of photoresist is used? --I- 

2.4.2 What is  method cf mounting the wafer? 

2.4.3 What is temperature of photsresist during application?,- 

2.4.4 What are the time and speed of rotation? 
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2.5 

2.4.5 What are the  time and temperature of drying for  t h e  
photoresist? -- - -. -- - --..---- -- - 

2.4.6 What is the  viscosity range of the photoresist? 

Junction Formatian 

2.5.1 How often is the diffusion tube profiled? _ _  ~ ---- 

2.5.2 How often is the  temperature of the d i f fus ion  tube checked? 

2.5.3 How often is the  temperature of the epitaxial  furnace checked? 

- --- 

2.5.4 A r e  the sheet r e s i s t i v i ty  and junction depth measured on an 
epitaxial  layer? - - -__c -__-- ----.-- - - .  

2.5.5 Are eniitter and base junction depths measured on a diffused 
transistor? 

2.6 Metallization 

~ --- 2.6.1 What metallization system is used? -- -I 
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2.5.2 What are the temperatures of the substrate and vacuum? 
What is the heat relationship on the metal to be deposited? 

2.6.3 How is the metal thickness monitored? 

2.6.4 What are the temperature, time, and environmental conditions 
during alloying? -- 

2.6.5 What are the temperature, time, and concentration of etching? 

2.6.6 How is the etchant removed? 

2.6.7 Is back-surface metallization used? 
What is the method? ____ - . . 

2.7 Die Mountirq? 

2.7.1 What is the type of die? 
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2.7.2 Vhat bonding agent is used? -. 
,.--- 

2.7.3 What package mount material is  used? ---_-. .-----. . .-- 

2.7.4 What is the design of the package mount? 

2.7.5 What forming gas is  required? 

- 

2.7.6 What is the work stage temperature, if applicable? 

2.8 Wire Bonding 

2.8.1 What kind (physical) of lead 9-s used? 

2.8.2 'What s ize  is the wire? 

2.8.3 What wire material is  used? 
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2.8.4 What bondiw technique i s  used? 

- - -  L 

2.8.5 What is the work stage temperature, if applicahle?, 

2.9 Sealing 

2.9.1 Whe.6 t y p e  of seal i s  used? - -  

_--I_ -- 

2.9.2 What sealing technique is  [xed? 

2.9.3 What is the atmosphere during sealing? 

2.10 Scribing 

2.10.1 What is the method of scribing? 

2.10.2 What is  the method of weakening? 

2.10.3 What is  the effect of scribing on traceability? 
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2 .I1 Cleaning 

2.11.1 What is the method of cleaning? 

2 . U . 2  When is cleaning performed? 

2 . l l . 3  What cleaning solutions are used? --- 
L- 

2.11.4 Hew often are solutions changed?- 

- 
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3ETAIL PART AND MANUFACTURER SELEETION AND CONTROL SPECIFICATION FOR 

NASA SPECIAL LONG-LIFE (NSL TRANSISTOR, TYPE N S L - 4 0 1 / 1 )  

FEBRUARY 1969 

( I H I  S SPEC1 FI  CATION I S  NOT APPLl CABLE 

TO TRANS1 STOR NSL-401/1) 



N S L - D ~ O ~  

GENE!AL PART -f 'SPECTION, HAhQLING, AND STOPb4GE S P I E . L T C A T I O K  FOR 

E S P E C I A L  LONG-LIFE ( N S L )  TRANSISTORS 



1. 

3 -. 

3. 

4. 

SCOPE 

1.1 Applicability 

APPLICABLE DOcWENTS 

2.1 Documents 
2.2 Conflicting Requirements 

m- 
3.1 ~enemi 
3.2 Storage and Handling 
3.3 Inspection Requirements 
3.4 Project Stores 
3.5 Fabrication Controls 
3.6 Traceability 

ABBFWIA!L'IONS, SyMBOIs, PEZTHITIOBs 

RFNSSION RECORL 



N S L - D ~ O ~  

GENERAL PAR!L’ INSPECITON; HANDLING, AMD SMlRAGE S?ECIFTCATION FOR 

NASA SPECIAL LONGLIFE (NSL) TRANSISTO% 

1. SCOPE 

1.1 A p p l i c a b i l i t y  

This spec i f ica t ion  i s  par t  of the system of Part Control Packages 
f o r  cont ro l l ing  NASA Special  L0r.g-Life ( E L )  parts, described i n  NASA 
CR46742-1.. This spec i f ica t ion  i s  general sec t ion  D of‘ Par t  Control Package 
PTSL-LOL, and defines the general par t  inspection, handling, and s torage 
requirements for  a l l  NSL t r a n s i s t o r s .  This spec i f ica t ion  and t h e  appl icable  

a r e  mandatory whenever NSL t ransis tors  a r e  specif ied.  
d e t a i l  part inspection, handling, and storage spec i f ica t ion ,  HSL-aOl/  -7 
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2. APPLICABLE IlOXWRB 

2.1 Documents 

The following documents form a part of t h i s  specification t o  the ex- 
t en t  specified herein. 
on tne date of the part procurement contract sha l l  apply. 

Unless 'otherwise specified herein, the issue i n  effect  

Military 

MIL-STD-750 Test  Methods f o r  Semiconductor Devices 

Military 

MIL-S -195OO Semiconductor Devices, General  Specif i- 
cation for 

NSL-D401/ Detail art Inspection, Handling, and 
Storage Specification f o r  NASA Special 
Iong-Life (EL) Transistors 

2.2 Conflicting Requirements 

In the event of conflict between the requirements of t h i s  specifica- 
t ion and any of the documents specified herein o r  i n  the applicable de t a i l  
part  inspection, handling, and storage specification, the order of precedence 
shs l l  be as  follows: 

a. The applicable NASA Special Long-Life (EL) d e t a i l  part inspec- 
t ion,  handling, and storage specification. 

b. This general part inspection, handling, and storage specification. 

c. Specification referenced herein o r  i n  the applicable de t a i l  part 
inspection, handling, and storage specification. 
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3. REQ- 

3.1 General 

The procuring f a c i l i t y  s h a l l  inspect ,  handle, and store 
tors i n  accordance with t h i s  s k c i f i c a t i o n ,  t h e  appl icable  d e t a i l  
and t h e  prime cont rac tor ' s  Parts Program Plan. 

3.2 Storage and :Ianii,ing 

3.2.1 Genersl -- 

a l l  t rans is -  
spec i f ica t ion  

I I U F X ~ ~  handling and s torage of par,s can have a de le te r ious  
e f f e c t  on t h e  r e l i a b i l ' q  and performance of t h e  fabr ica ted  equipment. 
fo re ,  the following re?uiiirements are establ ished t o  cover the handling and 
s torage of parts lu;-ing the i n t e r v a l  from t h e i r  receipt u n t i l  t h e  parts lcse 
t h e i r  individual  i d e & i t y  on assembly i n t o  modules, boards, o r  o the r  equipment 
increments. 

There- 

The &,skiera1 requirements t o  be used i n  t h z  establishement of 
the handling and storage system shall be a s  follows: 

a. Control of environment, such as temperature, humidity, 
contamination and pressure. 

b. Procedure and f a c i l i t i e s  t o  segregate parts. 

c. Housekeep!.ng prac t ices ,  including provisions f a r  the 
rout ine d isposa l  of used packaging materials.  

d. Control measures t o  l i m i t  personnel access t o  p a r t s  being 
subjected to t h e  receiving inspect ion cycle  and p a r t s  t h a t  a r e  placed i n  pro- 
ject s tores .  

e. F a c i l i t i e s  fo r  the inter im storage of par t s ,  such as ade- 
quate space and shelving, including protect ive cushioning mater ia l  on t h e  
shelves. 

f. Use of an integrated system of containers  t o  separate and 
protect  individual  par ts .  

g. Grounding of a l l  equipment pr ior  t o  in se r t ion  of' the par t  
for e l e c t r i c a l  test. 

h. Where applicable,  keeping pa r t s  Ln metal shields u n t i l  
they  are inser ted  i n  t h e  equipment or removed for test. 

i. Where bpplicable,  keeping parts  i n  c a r r i e r s  o r  o the r  pro- 
t e c t i v e  packages during '-est. 
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j. Enclosure of' pr ts  i n  individuol packages a t  t h e  earliest 
potsitllt. time after receiving inspection i s  completed. 

1. Minitni:;in(: tnccfianical shock or vibra t ion  as par t s  a r e  
1 t - a i i s  )loi*t ed t'rotri pl m e  t u  pi:icc. 

ni8 Careful placement of packages o r  par ts  on shelves or 
iwicf~?:- ( : i t  i i o  t iiiic s h a l l  i licy be thrown or dropped on Y hard scrfFcc). 

11. Use oi' t i-:tnsportat ion equipment; t h a t  prevents packages 
i ' m ~  tjt>i.iig :\c-c-idznially dxppcd or  dislodged i n  t r a n s i t  . 

0. Providin;: bench surfaces  on which mater ia ls  a r c  handled 
li i i r i i i ; :  L'k$. : ,ijns such a s  test, as-embly and inspection, with adequate cush- 
i ,win;- :ind si I1 =: i o  prevcnt damage t o  pa r t s  f r o m  inadvertent rough handling. 

p. E l e c t r i c z l l y  grounding a l l  accessible  metal surfaces  i n  
u,-1*1< :I i'C'3. 

q. Use of grounded wrist s t r aps  by a l l  personnel when handling 
! : i c ~ ~ ~ - ~ s - i r l c - ~ i l i c o n  f i e l d  cffcct par ts ,  

r. Treatint: sinocks worn by personnel during any phase of t h e  
~ Y = P ~ T : ~ :  of inspection, asserntbly, o r  test, with an a n t i - s t a t i c  compound. 

S .  Precautions i n  s to r ing  o r  t e s t i n g  parts i n  subs t an t i a l  
fields of X-1-ays, neutrons, o r  o the r  energy pa r t i c l e s .  

t. Re-examination and retest as specified i n  t h e  appl icable  
d e t a i l  spec i f ica t ion ,  EL-D401/ , a t  receiving inspection on a 100 percent 
inspection l e v e l ,  of a l l  parts t h a t  a r e  mishandled. 

3.2.2 Procedures and Inspect ioas  

Procedures and in s t ruc t ions  fo r  t h e  implementation of the 
hmdl ing  and s torage system s h a l l  cover a t  l e a s t  t h e  following: 

a. Inspection requirements for packaging i n  accordance with 
t h e  procurement spec i f ica t ions ,  including package-handling marking. 

b. 
o r  c r i t i c a l  p a r t s ,  including unpackaging techr.iques. 

A-ecautionary measures necessary when handling s e n s i t i v e  

c. I d e n t i f i c a t i o n  and marking in s t ruc t ions  for  p a r t s  and 
individual  containers t o  assure continued i d e n t i t y  of pa r t .  
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d .  Ins t ruc t ions  f o r  preparing items f o r  pro tec t ive  packaging 
t o  prevent handl-ing and corrosion dabage uh i l e  i n  inter im storpge, awaiting 
other operations,  o r  t ranspor t  t o  shipping. 

c. Procedure t o  e s t a b l i s h  a per iodic  inspect ion of t h e  stores 
operations by t h e  qua l f ty  cont$ol group, including v i sua l  inspection of par t s  
f o r  determining accep tau i l i t y  of t h e  p a r t s  condition. 

3.3 Inspection Requirements 

3.3.1 Fk-e-test Requirement 

Receiving inspection s h a l l  assure  t h a t  t h e  pa r t s  a r e  on the 
N!GA R-ogram's Mandatory P a r t s  L i s t  (MPL). They s h a l l  a l s o  assure  t h a t  p a r t s  
have been inspected by t h e  par t  manufacturer i n  accordance with the appl icable  
procurement spec i f ica t ions  and t h e  required documentation has been submitted. 

3.3.2 Material  and Data 

Receiving inspect ion s h a l l  assure t h a t  inspection and test 
equipment, spec i f ica t ions  and in s t ruc t ions  w i l l  be sva i l ab le  t o  perform neces- 
s a 4  test and examinations on rece ip t  of t h e  parts being purchased. 

3.3.3 External Physical Charac te r i s t ics  

Receiving inspect ion shal l  perform ex te rna l  v i s u a l  inspect ion 
as specified i n  t h e  appl icable  d e t a i l  spec i f ica t ion .  

3.3.4 Construct ion  Analysis 

Receiving inspect ion shal l  perform a construction ana lys i s  
inspect ion as specified i n  the appl icable  de ta i l  spec i f ica t ion .  

3.3.5 Electrical Tests  

Receiving inspect ion shail perform e l e c t r i c a l  tests as speci- 
f i e d  i n  the appl icable  de t a i l  specif icat ion.  

3.3.6 Inspection, Measuring, and Test Equipment 

3.3.6.1 Equipment Requirements 

The user  shall provide fo r  the se lec t ion ,  evaluation, 
approval, maintenance, and cont ro l  of a l l  inspection s tandards,  gages, measur- 
ing, and test equipment necessary t o  determine conformance with spec i f ica t ions  
and drawings. The requirements of t h i s  spec i f ica t ion  include production t o o l s  
and equipment incorporating an inspection, measurement, or  test function. A l l  
equipment s h a l l  be used i n  an environment and i n  a manner t o  ensure continuee 
measurements of' the regxired accuracy. 
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3.3.6.2 Calibration 

The cal ibrat ion of measuring and t e s t i n s  equipment 
sha l l  be i n  accordance with MIL-STD-750. 

3.3.7 Part Failure ' 

Failure of any NSL t rans is tors  for any cause whatsoever shall 
be reported t o  the  NASA prime contractor on the NSL Part Failure Report, 
appendix A herein. 

3.3.8 Material Review Board 

A l l  discrepant par ts  and the  effected lots shbi1 be reviewed 
f o r  disposit ion by the Material Review Board. 
have a f a i lu re  analysis performed before disposi t ion of the p a r t s .  

A l l  catastrophic f a i lu re s  sha l l  

3.3.9 Part Separation 

Receiving inspection shall assure tha t  physical separation of 
the purchase parts sha l l  be maintained. "his s h a l l  provide, a s  a minimum, 
separation of: 

a, Parts awaiting inspection or test results, 

b. Conforming par ts ,  and 

c. Rejected parts.  

The in t eg r i ty  of lo'.s awaiting inspection and test results sha l l  be maintained. 

3.3.10 Inspection Records 

Records shall be maiitained a t t e s t ing  the  par ts '  conformance 
t o  the requirements herein. 

3.3.11 Inspection Stamps 

3.3.11.1 Stamp Requirements 

The user sha l l  es tabl ish and maintain an inspection 
stamp control system which includes, but is not l imi t ed  to ,  the following: 

a. Stamps, decals, o r  sea ls  shall  be designed t o  
identify parts tha t  have undergone inspection or  test. 
rejected need not be stamped, but t he  re jec t  o r  withhold stamp shal l  be applied 
t o  the  hold t a g  o r  other documentation, as appropriate. 

P a r t s  which have been 

bo Each stamp shall be traceable t o  the individual 
responsible for i t s  use, and records shall be maintained t o  ident i fy  indi-  
viduals with specif ic  inspection stamps. 
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e. Starrips ind ica t ing  t h a t  inspections have been 
performed s h a l l  be applied only t o  documentation. 

d. Si-saps s h a l l  be applied t o  t ags ,  cards, o r  
l a b e i s  csttacned t o  individual  p b r t s  ac p rac t i ca l .  

e. Stamp design s h a l l  not resemble Government 
inspection stiin.-~s. 

3.4 Project S tc res  

A project  s to re s  area s h a l l  be selectcd an$ designated as a s torage 
area Tor pa r t s  which have completed the  receiving inspect ion cycle bu which 
have not a s  yet  been issued t o  t h e  manufacturing a c t i v i t y .  
mum requirement s a r e  es tabl ished covering the treatment of pa r t s  during t h i s  
i n t e rva l .  

The following mini- 

a. F l igh t  and non-flight pa r t s  s h a l l  be stored i n  separate  a reas  
within Project Stores  and marked accordingly. 

b. A Release Or.lzr (appen3ix B herein)  i s  required for  withdrawal of 
f l i g h t  par t s  ancI shall  oe  signed by Project Product Zffectiveness management. 

c. 012 j authorized personnel designated by Troject Effectiveness 
management may wiudraw parts  from Project  Stores.  

d. Project Stores  s h a l l  p r e p r e  k i t s  f r o m  flight stock as requested 
on a K i t  Requisit ion form, appendix C herein.  D n i n e  k i t  assembly, Qual i ty  
Control enter; t h e  par t  number, sev;al number, and receiving l o t  number of t h e  
pa r t s  issued. 

e. When a k i t  - -equis i t ion i s  not involved, Project Stores  shall 
i s sue  p a r r s :  

(1) To complete a uni t  requir ing selected pa r t  (completion of 
k i t  requiremenls) . 

(2) To replacc a damab-.d o r  f a i l e d  pa r t ,  a Par t  Replacement 
Requisit ion (€'RE), appendix D herein, t l ra l l  be used only f o r  " f l i gh t "  par t s .  

f .  h u t s  forwarded from Rezeivlng Inspection f o r  spec ia l  t e s t i n g  
-hall be retarried t o  Receiving Lrispection a f t e r  tes t  f o r  t r a n s f e r  t o  Project  

A Request f o r  Inspec+ion/Test form, appendix E herein,  s h a l l  accom- 
pa:iy t h e  parts  and s h a l l  be re ta ined with t h e  test data  h is tory .  

3res. 

g. There s h a l l  be l i m i t e d  personnel access t o  tl;? Project S tores  
area.  
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3.5 Fabrication Controls 

3.5.1 Fabrication Ins t ruc t ions  

The manufacturing a c t i v i t y  s h a l l  provide d e t a i l e d  work ins t ruc-  
t i ons  t o  the  product personnel ' lor proper handling and i n s t a l l a t i o n  of parts. 
These in s t ruc t ions  s h a l l  r e f l e c t  t b e  assembly elements, t h e  work s t a t i o n s ,  and 
t h e  s k i l l  l e v e l s  of persons invol-led. 

3.5.2 Material Control 

Artjcles undergoing fabr ica t ion  s h a l l  be i den t i f i ed  on records 
traceabie t o  the individual  par ts .  

3.5.3 Quality Control 

Provisions shall be made fo r  the establishment of QuaXty 
Control s t a t i o n s  and procedures i n  the production and assembly areas .  

3.5.3.1 Control of Cleanliness of Fabricat ion Area 

Par t s  s h a l l  be handled, assembled, and processed under 
control led cleanl iness  conditions. 
l iness sha l l  be included o r  referenced on appl icable  process documents. 

Special  procedures t o  maintain such clean- 

3.5.3.2 Process Control 

The user shall  maintain a defect-prevention program 
fo r  t h e  cont ro l  of bonding, welding, and o ther  processes where uniform high 
q u a l i t y  cannot be assured by inspect ion so le ly  by examination of completed 
assemblies and subassemblies. 

3.5.3.3 Process Control Procedures 

Process cont ro l  procedures s h a l l  supplement appl icable  
process spec i f ica t ions  t o  provide de ta i led  methods. These procedures shal l  
document t h e  preparation and f ab r i ca t ion  conditions t o  be 
each phase of the process. 

maintained during 

3.5.3.4 Process Bwjronmerits 

Where procesces 7'i::t ue conducteG i n  spec ia l  environ- 
ment, such a s  under vacuum o r  i n e r t  ge.-"s 
means of maintaining the required e n v i n m w i t s  and means of ind ica t ing  o r  
measuring the  environments maintained. 

+he process cont ro ls  s h a l l  include 

3.5.3.5 Process Cer t i f i ca t ion  

The user s h a l l  provide f o r  t h e  c e r t i f i c a t i o n  of 
machine, equipment, and procedures used i n  process cperations.  
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3.5.3.6 Personnel Ce r t i f i ca t ion  

The user s h a l l  establish a system for personnel c e r t i -  
f i c a t i o n  covering assembly, welding, soldering, and o ther  processes requir ing 
spec ia l  s k i l l s .  

1 

3.5.4 Joining Techniques 

Work i n s t ruc t ions  and process standards s h a l l  be developed and 
used which cover soldering and welding techniques. 
f i n i shes  shall. be consis tent  with the joining processes. 

Par t  lead mater ia ls  and 

3.5.5 -- Conc3iners and K i t s  

a. The user  s h a l l  have a system of co l lec t ing ,  s tor ing ,  and 
i ssu ing  k i t s  of pa r t s  needed f o r  fabr ica t ion .  
assembly -recess, these  k i t s  a r e  a l s o  intended t o  provide physical and environ- 
mental protect ion of t h e i r  contents. 

I n  addi t ion t o  f a c i l i t a t i n g  t h e  

b. Individual containers sLould nes t  i n  l a r g e r  t r a y s  o r  t o t e  
boxes t h a t  accommodate an e n t i r e  k i t  o r  parts i o r  one assembly i n  an o rae r iy  
arrangement and provide mechanical securi ty .  I f  possible,  t h e  pa r t s  should 
be arranged f o r  withdrawal i n  t h e  order  i n  which they  a r e  placed i n  the 
as sernkly . 

c .  The t r a y ,  containing a complete k i t  of' p a r t s  f o r  one 
A s  the assembly i s  com- assembly, shmld  be delivered t o  t h e  work s ta t ion.  

pleted,  t h e  individual containers should be returned t o  stores for re-use and 
t h e  t r a y  should become the c a t a i n e r  f o r  the completed assembly. 
assembly should be transported i n  t h e  t r a y  t o  the stockroom f o r  s torage until 
required i n  the  next higher assembly. 

The completed 

d. Parts shall be protected from contact by bare hands; gloved 
f ingers ,  tweezers, e tc . ,  shal l  be used. 

e. Parts suyplied t o  t h e  assembler should ;.AY2ferably be ready 
fo r  assembly without f u r t h e r  preparation. 
proper t o o l s  and ins t ruc t ionz  are supplied. 
pinch type)  shs l l  be used. 
body of a p a r t .  

Lead cu t t i ng  i s  permissible i f  
Shear-type cu t t i ng  tools (not 

Bending moments s h a l l  not be transmitted t o  t h e  

3.6 Traceabi l i ty  

A t r a c e a b i l i t y  system s h a l l  be es tabl ished t h a t  obtain;, retainr; ,  and 
assigns codes i n  such a manner t h a t  each NSL par t  can be t raced from i t s  receipt 
through i t s  subassembly l eve l .  
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4. ABBREVIATIONS, SYMBOLS, AND DEFTNITIONS 

None 
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DETAIL ?ART INSPECTION; HANDLING, AM) STORAGE SPECIF'ICATION FOR 

NASA SPECIAL IONG-LIFE ( E L )  TRANSISTOR, TYPE NSL-401/1 

1. SCOPE 

1.1 Applicabili ty 

This specif icat ion is part of the system of Part Control Packages 
f o r  controll ing NASA Special Long-Life (NSL) parts, described i n  NASA 
CR-66742-1, This specif icat ion i s  de t a i l  section D of Part Control Bckage 
NSL-401, and defines the d e t a i l  part inspection, handling, and storage 
requirements f o r  t r ans i s  tors, type N S L - ~ O ~ / ~ .  

2. APPLICABLE DOCUMENTS 

2.1 Documents 

The following documents form a part of t h i s  specif icat ion t o  the  ex- 
t en t  specified herein. Unless otherwise specified herein, the issue i n  e f fec t  
on the d a t e  of the  part procurement contract sha l l  apply. 

NSL-D401 General Part Inspection, Handling, and 
Storage Specif ica+.ion f o r  NASA Special 
Long-Life (NSL) Transistors 

(The documents l i s t e d  i n  2.1 of NSL-a01 form a pa r t  &-f this document t o  the  
cfihrtent specified herein and within the limitations of 2.2 of I?SL-JhOl*) 

2.2 Conflicting RequSiements 

The requirements of 2.2 of I JSL-D~O~ apply. 

3.1 General 

The requirements of 3.1 of NSL-a01 apply. 

3.2 Storage and H a n d l i q  

The requirements of 3.2 of I O S L - D ~ O ~  apply. 

N S L - D ~ O ~ / ~  
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3.3 - Inspection Requirements 

3.3.1 &e-test Requirements 

The contractor  s h a l l  v e r i f y  t h a t  t h e  inspect ic) .  requirements 
of 3.3.1 of NSL-a01  and as s p k f i e d  below a r e  met. 

3.3.1.1 Source Ver i f i ca t ion  

The par t  manufacturer s h a l l  be: 

National Semiconductor Corp. 
P o  0, Box 443 
a n b u r y ,  Conntcticut 06813 
Code I d e n t i f i c a t i o n  Number: 01295 

Shipments received from o the r  sources, including d i s t r i b u t o r s ,  jobbers, other  
par t  manufacturers, o r  f a c i l i t i e s  d i f f e r e n t  than t h a t  specif ied above, shall 
be rejected.  

3.3.1.2 Data Package 

A l l  documentation s h a l l  be contained on 8-1/2 by 
11 inch sheets o r  standard e lec t ronic  accounting machine pr intout  forms. 
following items s h a l l  be included i n  t h e  da ta  package: 

The 

a. C e r t i f i c a t e  of Compliance 

b. Fabrication Record Report 

c. Acceptance Test Report 

d o  Qual i f icat ion Test Report 

3.3.3 External Physical Charac te r i s t ics  

The ex te rna l  physical  c h a r a c t e r i s t i c s  of t h e  tFans i s to r  s h a l l  
be as shown i n  figures 1 and 2 herein. 

3.3.4 I n t e r n a l  Construction Analysis 

Construction and mater ia ls  s h a l l  be i n  accordance with 
f igures  2 and 3 herein. 

3.3.5 E l e c t r i c a l  Charac te r i s t ics  

The e l e c t r i c a l  cha rac t e r i s t i c s  of' the t r a n s i s t o r  s h a l l  be as 
specif ied i n  t a b l e  I herein. 

NSL-~4 o i / i  
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3.3.6 Acceptance Test 

The acceptance tes t  requirements s h a l l  be  ae specif ied i n  
t ab le s  11, 111, and IV herein.  

3.4 

3.5 

3.6 

b 

Project Stores  

The requirements of 3.4 of NSL-DkOl apply, 

Fabricat  ion Controls 

The requirements of 3.5 of NSL-IhOl apply. 

Traceabi l i ty  

The requirements of 3.6 of NSL-DhOl apply. 

4. ABBREVIATIONS, SYMBOLS, AND DEFINITIONS 

The abbreviations,  symbols, and de f in i t i ons  a r e  defined i n  MIL-S-19500. 
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Test 
I 
I 

/Subaraup 1 

BVCEO 

%BO 

Test 
Method 

MIL-STD-750 

ICBO 

ICES 

ICE0 

IEBO 

Subgroup 2 

hml 

hF% 

3 %E 

Pulsed: 

3011 

3001 

3026 

3036 

cond D 

cond D 

cond Ii 

cond D 

3041 

cond C 

3041 
cond D 

3061 
cond D 

3076 

3076 

3076 

3076 

-Z,-ELECTRfCAh 
Conditions 

IC = 10 mA I/ 
IB = 0 

IC = 10 pk 

IE = 0 

IE = 10 4 
IC = 0 

VCB =t 45 v 
IE 
VCE = 5 v 
vBE = 0 

VCE = 5 v 
*B 

IC = 9 

VCE = 5 v 
IC 0 1 4  

Vcg - 5 v 

VCE - 5 v 
IC 
VCE = 5 v 
IC 

= o  

= o  

V , = 6 V  

IC - 10 PA 

p: io0 pA 

= 500 PA 

L i m i t  
TA E 

-55" c 

! ! 

60 min i v  I 

60 min I / v  

I 

t 

I 

! 1 
i 6.0 min ! 

i 

i 
: V  

i i 

t 10 max 

5 max 

2 max 

2 max 

30 min 

200 min 
500 rnax 

225 rnin 

250 m i l -  

Aiise width d 300 psec; duty cycle  d 2$. 

10 max 

35 min 
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TABLE I, - ELECTRICAL REQUI r - Test I Test Conditions s a t  Tempe - Method 
MIL-STD-750 

s tu re  ‘ Lhits f - 

I 

i 

m6 
h 

’CE( s a t )  

’BE 

Subgroup 2 
h oe 

hre 

ie h 

Subgroup 4 

obo C 

3076 

3076 

3071 

3066 
cond B 

3.216 

3211 

3201 

3206 

3306 

3236 

b 

VCE = 5 v 
IC = 10 mA 1/ 
IC = 1.3 mA 

IB = 0.1 mA 

= 100 pA IC 

VCE = 5 v 
IC = 1.0 mA 

= 1.0 mA 
I C  

IC = I d  

VCE = 5 v 
IC =+1 mA 

f = l k H z  

VCE 2 5 v 
= 500 

f = ~ O M H Z  
IC 

WENTS - Continued 

“A,” +25 c 

250 min 

800 rnin 

0.3 max 

0.5 min 
0.7 max 

0 min 
40 max 

0 min 
4 

max 

3.5 K m:n 
24 K max 

250 min 
900 max 

8.0 x i o  

20 rnin 
70 max 

5.C max 

‘JA I 

+150° C ’  

-I 

-- 
b 
I 

‘ V  

f 

i V  
I 

I 

i 

i 
I 
! 
f pmho 
! 
? 

I 

I 
1 
I 

I 

! 

i 
I 
I 

1 
I 
i 
! 

I 

i 

I 

i 

1 

100 kHzdfS1 MHZ 
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r=- 
i 

t 

i ‘ibo 
I 

TABLE I.- ELEXTRICAL RE&UIR 
Test I Conditions 

Ket hod 
MIL-STD-750 

vm = 0.5 v I 

IC = 0 
100 kHZdfSl MHZ 

f = 100 Hz 
VCE = 5 v 

= LO pA IC 
R = 10 kilohms 

g 

f = 1 m  
vcE = 5.0 v 
IC = 10 4 
R =lOkilohms 

f = l o r n  
g 

v , = 5 v  
IC = la PA 

VCE = 5 \I 

IC 

R = 10 kiloim~ 
g 

= 10 pA 

R = 10 kilohms 

Power bandwidth 
of 15.7 kHz with 
3 db points t, 
10 Hz and 10 kiiz 

g 

bENTS - Continued 
Limits at TemDerature 

1 

L 

+L5 :A*” c 

6.0 max 

7.5 max 

3 Bax 

2 max 

3 max 

TA = 
+15o0 c 

Pf 

db 

db 

db 

clb 

Units’ 

i 
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TABU 11. - ACCEPTANCE REQ- 
Faamination 

o r  
Test 

External Pnysicsl 
Characterist ics 

Elec t r ica l  
Characterist ics 

Subgroup I 

Subgroup I1 
Subgroup I I T  

Subgroup Iv 

In te rna l  
Construct ion 
Analysis 

Reference 
e 

MIL-STD-T~O , 
method 2066, and 
figures 1 and 2 
tisrein 

Table I herein 

Table I herein 

Table I herein 

Table I herein 

MIL-STD-750, 
method 2071, and 
figures 2 and 3 
herein 

Sample 
Size 

Table I11 

Table III 

Table 111 

Table I11 

Table SI1 

Table IV 

Max 
Allow 

Defects 

0 

0 

0 

0 

2 

Y 

1/ Any deviation f r o m  the  specified configuration s h a l l  be 
cause for re ject ion of t h e  lot. 

TABLE 111.- SAXHiING TABLE FOR E3BERW& PIKSICAL CHARACTERISTICS 
Am l!LEcTmcAL CHARAcTEKtSTIcs 

Lot Size 

2-15 

16-25 

26-90 

91-150 

151-280 

281-500 

501-1,200 

Sample Size 

2 

3 

5 

8 

13 

20 

32 

Lot Size 

1,201-3,200 

3,201 -10 , 000 

10,001-35,OOo 

35,001-150,OOO 

1’j0,OO1-500,000 

5OO,OOl and over 

Sample Size 

50 

80 

125 

200 

315 

500 
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TABLE IV - SAMPLING TABLE FOR 
IFRlwNkL coNsTRuc!r~o~ ANAUSIS 
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NOTE: 

1. JEDEC TO-18 PACKAGE 

FIGURE 1. EXTERNAL PHYSICAL CHARACTER1[mICS ' 
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CHIP '(SEE FIGURE 3) 
EUT€CTICACLY BONDED 

EFiNAL LEADS 
011 DIA 

CAP (T040)  
GRADE 'A- rwm 
WELOEO TO BASE 

/-POST HE IGIiT .OI U02I 
POST GLASS 8EAd 

.U27 DIA MIN 

-SEAL 

I U S I O N  

CLASS TYPE D-!23 
HIGH TEMQERATU RE 

BASE PLATE 
KOVAR(0R EQ 
GOLD PLATED 
70plNCH MI EXTERNAL LEADS TYPE K 

PER MIL5TD- 1276 (WVAR Of3 
EQUl V), .01610 19 0 I A 

MIN , TYPICAL 
COLD PLATE0 70p INCil. 

=CURE 2. CROSS-SECTIONAL CHKdCTEBISTICS. 
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fMITTER CCNTACT, 
METALIZED SURFACE, GAS€ CONTACT, 
VACUUM OEFGSITED ALUMINUM METALIZED SURF 

VACUUM DEPOSITED 
ALUMINUM PAssl VATION Fl LL!, 

SfLlCON 310x1 DE 60CC/eCCG 8 

CHIP CONTACT 
METALIZED SURFACE 
VACUUM DEPOSITED 
GOLD ANTIMONY 

----BASE, BORON DOPED 

COLLECTOR, PHOSPHOROUS DOPED SI LlCGN 1 \*EM;:;;: 
PHOSPHOROUS DOPE0 
SILICON 

SECTlOi4 A - A  

EXWB 3. CHARACTERISTICS OF SILICO?I CHIP 
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GENERAL SUPPORTING DATA SPECIF'ICATION FOR 

NASA SPECIAL LONG-LIFE (NSL) TRaNSISTORS 

1. SCOPE 

1.1 Appl i cab i l i t y  

This s p e c i f i c s t i o n  i s  pa r t  of t he  system of Pa r t  Control Peckages f o r  
c o n t r o l l i n g  NASA Specia l  Long-Life (NSL) p a r t s ,  described i n  NASA CR-66742-1. 
This  s p e c i f i c a t i o n  i s  general  s ec t ion  E of P a r t  Control Package NSL-401, and 
def ines  t h e  general  supporting data  requirements for NSL t r a n s i s t o r s .  
s p e c i f i c a t i o n  and t h e  app l i cab le  d e t a i l  supporting da ta  s p e c i f i c a t i o n ,  
NSL-E4 01/ -9 a r e  mandatory whenever NSL t r a n 3 i s t o r s  are spec i f ied .  

This 

rasL-E401 
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2. APPUCABLE DOCUENTS 

2.1 Documents 

The fo1.lowing documents form a part of' t!ris specification to the ex- 
tent specified herein. Unless otherwise specifid herein, the issue in effect 
on the date of the part procurement contract shall apply. 

SFWIFICATIOKS 

2.2 

tion and 

NSL-AkOl General Procurement Specification 
for NASA Special Long-Life (NSL) 
Transistors 

NSL-A4 01/ - Detail Procurement Specification 
for NASA Special Long-Life (NSL) 
Transistor, Type NSL-401/ - 

NSL-CkOl General Part and Manufacturer Selection 
and Control Specification for NASA 
Special Long-Life (NSL) Transistors 

Detail Supporting Data Specification for 
NASA Special Long-Life ( E L )  Transistor, 

NSL-E4 01 /r - 
Type NSL-401/ - 

Conflicting Requirements 

In the event of' conflict between the requirements of this specific&- 
any of' the documents specified herein or in the applicable detail 

supporting data specification, the order of' precedence shall be ds follows: 

a. 
data specification. 

The applicable NASA Special Long-Lire (NSL) detail supporting 

b. This general supporting data specification. 

C. Specifications referenced herein or in the applicable detail 
supporting data cpecification. 

NSL-E401 
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3. DATA REQUI-S 

3.1 General 

A summary of da ta  eha l i  be required by t h e  prime con t r ac to r  
i n  f i v e  ca tegor ies :  

a .  P a r t  manufacturer survey documnta t ion  

b, L i n e  c e r t i f i c a t i o n  survey documentation 

c.  Par t  q u a l i f i c s t i m  tes t  da ta  

d. Lot acceptanc? test d r t a  

e. Part h i s to ry .  

Data co l lec ted  s h a l l  be SUD, drized by t h e  prime cont rac tor  f o r  inc lus ion  i n  
this s p e c i f i c a t i o n  and t h e  appl icable  d e t a i l  supporting da ta  s p e c i f i c a t i o r  
updated a s  ava i l ab le .  

f 

3.2 Part Manufacturer Survey Documentation 

The Part Manufacturer Questionnalre and t h e  survey team repor t  as 
required by NSL-(3401 s h a l l  b e  included; a l so  a l l  supporting data  f o r  the survey 
s h a l l  be included i n  t h e  pa r t  manufacturer survey documentation, 

3.z Line C e r t i f i c L t i o n  Survey Documentation 

The Line C e r t i f i c a t i o n  Checkl is t  and t h e  survey team r e p o e  as 
required by NSL-CbOl shall be included; a l s o  a l l  supporting da ta  for the 
survey shal-1 be incluaed i n  the l i n e  c e r t i f i c a t i o n  s u r v t j  documentation. 

3.4 Pa r t  Q u a l i f i c a t i o n  Test Data 

The pa r t  manufacturer s h a l l  provide q u a l i f i c a t i o n  test  da t a  a s  
required by t h e  general  and d e t a i l  procurement s p e c i f i c a t i o n s ,  NSL-A401 and 
NSL-A401/ -’ respec t ive ly .  A summary of t h e  results of‘ t h e  q u a l i f i c a t i o n  
tes t  s h a l l  be submitted t o  t h e  Interagency Data Exchange Program (IDEP). 

3.5 Lot Acceptance Tes t  Data 

The p a r t  manufacturer sLa l l  provide l a t  acceptarx? test da ta  as 
required by t h e  general  a n x d e t a i l  procurement s p e c i f i c a t i o n s ,  NSL-A!COl and 
NSL-A4 01/ -’ respec t ive ly .  

LySL-E401 
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3.6 part Eistory 

m Ahe p r i -9  -ontractor  s h a l l  maintain a h i s t o q  documentation required 
by NSL-At)Ol, NS . ,  and the appl icable  detail srn.:ificstions. This s h a l l  
i n c l u e  an ide- . t ic\n of the par t  ' icluding a part  h i s to ry  of t h e  part 
nanmacturer ana n- 5 processes), a l i s t  of al 1 prograns involving t h e  use of 
e3ch t r a n s l s t o -  (part uszge), and a record 02 problems and alerts concerning 
the u s e  of t he  2articulP.r t-mnsistor on h igh - re l i ab i l i t y  progmms. 



4. ABPYZVIATIONS SYMBOLS AND DEFLMTI0,nJS 

None 
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DETAIL SUPbRTIXG DATA SPECIFICATION FOR 

NASA SpM=IAL LONG-LIFE (NSL) TRANSISTOR, TYPE NSL-bOl/i 

1. scorn 
1.1 Applicabili ty 

T h i s  specif icat ion i s  part of the system of Part  Control Packages 

This  specif icat ion i s  d e t a i l  section E of Part Control -Bckage 
f o r  ccntrol l ing NASA Special Long-Lif? (NSL) parts, described i n  NASA 
CR-66742-1. 
NSL-401, and defines the  d e t a i l  supporting aata  requirements f o r  NSL 
transistors, type N S L - ~ O ~ / ~ .  

2. A?€?LICABIX lXXU@XCS 

2.1 Documents 

The following documents form a pa,- of this specif icat ion t o  the ex- 
t e n t  specified herein. Unless otherwise ssscif ied herein, t he  issue i n  effect 
on the date of t h e  part procurement contract sha l l  apply. 

SPEZIFICATi ONS 

L a 4 0 1  General Supporting Data Specification fo r  
NASA Special  Long-Lif e ( E L )  Transistors 

(The documents l i s t e d  i n  2.1 of NSL-@!Ol form a part of +his document t o  the 
extent specified kerein and within the l imitct ions of 2.2 of NSL-fiOl.) 

2.2 Conflicting Requiremnts 

m e  reyuirements of 2.2 of NSL-FAO~ apply. 

NSL-E401/1 
Sheet 1 02  5 



3. DETAIL REQUIREMENTS 

3.1 General 

The requirements of 3.1 of NSL-E$+01 apply. 

3.2 Part Manufacturer Survey Documentation 

a. Part Manufacturer Questionnaire ( spec i f ied  i n  NSL-ChOl) 

b. Survey team r e p o r t  (specif ied i n  IISL-C401). 

3.3 Line Cer t i f i ca t ion  Survey Documentation 

a .  Line C e r t i f i c a t i m  Checklist ( spec i f i ec  i n  NSL-C401) 

b. Survey team report  ( spec i f ied  i n  NSL-(2401). 

3.4 Par t  Qual i f ica t ion  Tert Data 

a. E l e c t r i c a l  and En\ ironmental tests ( spec i f ied  i n  NSL-AbOl and 
NSL-A401/1) 

b. Fa i lure  ana lys i s  --- i f  appl icable  ( spec i f ied  i n  NSL-AhOl and 
NSL-A401/1) 

c. IDEP i n p u t  summary -- (submitted af: 'r completion of t h e  above 
data  ) - 

3-  5 Lot Acceptance T e s t  I k t a  

a. Physical, e l e c t r i c a l ,  and environmental tests (spec i f ied  i n  
NSL-AkCIl 3nd NSL-A401/1) 

b. Fa i lure  ana lys i s  -- i f  applicsrble ( spec i f ied  i n  NSL-AhOl and 
NSL-A401/1) 

3.6 Part History 

3.6.1 hrt  Iden t i f i ca t ion  

National Semiconductor Corp. par t  number NS17Ob (JEDEC type 
zr2u34 ) 
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3.6.2 

niatched pa i r  of 

Part Usage 

HS308 Program 
National has 2N292O on NASA Marshall APL and device i s  a 
the same c h i b  ,avered herein. 

Mil i tary Q u a l i f i c a t i m  f o r  t h e  JAN and JAN TX2N929 and 930 p e r  
MIL-S-l9500/253E (whick; i s  the  same c h i p  and package t i s  t h e  2 2 ~ L 8 4 )  

Qual i f ied f o r  use on Apollo program by Autonetics (Autorietics 
I I D. 472 -0719 -004 ) 

Used on mi l i t a ry  and/or space pr)grnms by t h e  following 
contracti  -..- - 

LockLee? 

Barnes. 

3.6.3 Problems and Alerts 

National w i l l  be conducting qua l i f i ca t ion  test, i n  t h e  near 
future on t h e  2N2484 p e r  MIL-S-195OC,’j76. 

ga t iona l  2N248*1 was placed on h i g h - r e l i a b i l i t y  spec i f ica t ion  
at Hughes Aircraf t  Company on 1~,’17/61+. 

h .  ABRREVIA!?IONS, SYMBOLS, AND DEFINITIONS 

None 
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