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I. SCOPE 
_II 

This final report  f o r  the Microminiature H i p ?  Level Nulticoder contains 

a reliability analysis, sumo- of results, and conclusions and recormendations 
.. 
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I1 , RELIAEILITY AT.!ALYSIS 

A <re l i ab i l i t y  analysis f o r  t h e  Eicrominiature High Level Hulticoder 

The analysis i s  based upon 

The fa i lure   rates established by Xotorola's Reliabi l i ty  and Com- 

ponents Group apply, and the i r  analysis methods are used, These 

r a t e s  and methods are l i s t ed  and described i n  Special Pernorandm 

No. 188, dated September 1, 1965 (a. copy is  included w i &  t h i s  

report) , 

All parts  have some degree of screening. 

Failure ra tes  are computed for both 800F and +1600F, the maximum operating 

temprature OP t h e  equipment, and are i n  percent per 1000 hours. 

The blulticoder consists of the following electronic par ts  and sub- 

assemblies. 

5 Differential  Rmplif i e r  (Multichip) 

5 D i f f .  Arrpl. Output Buffer I1 

2 

1 

1 

1 

10 

20 

5 
6 

23 

PEM and DPDM Driver 

3.6 kc Oscillator 

Sequencer Bias 
\ 

Encoding Control Switch 
. $  

Sequencer 

Nul t iplexe r Sw it c he s 

Hultiplexer Sub switches 
0 

Flip-flop, Series 51 

Gate, Series 51 

20 . Diode 

2 Diode 

1 Diode 

11 

fl 

. 11 

I1 

I1 

11 

I1 

IjIonolithic 

11 

Si l i con  

Zener 

Germnitan 
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3 Transistor 

\ 
62 Resistor 

7 Resistor 

32 Capacitor 

k Capacitor 

13 Capacitor 

5 Inductor 

1 Transformer 

163 Pins & Sockets 

1 Connector 

For each part ,  or subassembly type, a 

i n  percent per thousand hours, based on it 

Silicon 

Carbon Composition 

Precis ion Wire Wound 

Ceramic 

Nic a 

Solid Tantalum 

R.F. 

Pulse 

Internal 

100 Pins 

to t a l  f a i lu re  rate i s  computed 

basic indivickal ratk,  (in- 

cluding complexity considerations) as modified by screening i r iormtion,  

and f ina l ly  multiplied by the appropriate quantity. 

The t o t a l  sum of those elements i s  then taken a s  the Ivhlticoder 

failure rate,  and. a mean time between fa i lures  is conputed from that  rate.  

Par t  o r  
Subassembly 

Failure Rates, $/lo00 krrs 
+16OOF Quantity -- +80°F - 

D i f f .  Amp. 0.007 0.07 5 
e 

Net 

Comnts  

Basic rate,  
2-2stage ampl. 
complexity 

XS f o r  multichip 

XO.1 €or screening 

XS f o r  quantity 



Failure Rates, $/lo00 hrs 

\ 
+800F +1600F &w t i t y  _.__ 

5 080035 0.035 

Far t  or 
Subassembly Cogment s 

Basic rate,  1-2 stage 
amp. complexity 

X5’ f o r  multichip 
c 

D .A.O .Bo 

XO.1 f o r  screening 

~ 5 ’  f o r  quantity 

0.0175 0.00175 

0.00875 0.0875’ 

I_ 

Met 

0.005 0.05 2 Basic rate,  I-1/2- . 

2 stzige anip. complexity 

Xs f o r  nult ichip 

PDM & DPi3N 

’ 00025 0.25 

0 00025 0.025 XO.l  for screening 

‘ ~2 f o r  quantity 0.005 0.05 Ret 

3.6kc Osc. 1 Basic rate,  1-2 stage 
aiip. complexity 

xS; for multrichip 

XO .l f o r  screening ----- 0 . 00175 0.0175 

Net X1 f o r  quantity 

&sic ra te ,  1/2-2 stage 
amp. complexity 

Seq. Bias 0.002 ’ 0.02 1 

0.01 O e 1  Xs for  multichip 

XO.1 f o r  screening 0.01 0.001 

0.001 0.01 

I__ 

Net X1 f o r  quantity 

Enc. Control 
Switch 

0.007 0.070 1 Basic rate,  2-2 stage 
aw . complexity 

X5 f o r  ml t i ch ip  

XO.1 for  screening 

X 1  for  quantity 



Part  o r  
Subassembly 

Failure Rates, $/lo60 hrs 
+800F +1600~ Quantity - Comments 

%sic rate, 1-2 stage 
amp. complexity 

Xs f o r  multichip - 

Sequencer \ 0.0035 10 

0.0175 0,175 

XO.1 for  screening 0 . 00175 

Ne t 0.0175 0.175 

0 . 0175 

X10 f o r  quantity 

Kultiplexer 0.007 0.07 20 
Switch 

Basic ra te ,  2-2 stage 
amp . c omple xity 

0.035 0.35 X5 f o r  multichip 

X0.1 fo r  screening 

X20 fo r  quantity 

Basic ratc, 2-2 stsge 
amp. co nplexi t y  

Multiplexer 0.007 0.07 5 
Sub switches 

Xs for mlt i ch ip  

X0.1 f o r  screening 

Net ’ 0.0175 0.175 XS f o r  quantity 

F l ip  -flop 0 0035 0 035 6 Basic rate, 1-2 stage 
amp. complexity 

0.00035 ’ 0 . 0035 XO.l  f o r  screening 

0.00018 0.0018 X0.S for d i g i t a l  

~6 fo r  quantity Net 0 . 60108 0 D 0108 

Basic rate, 1/2-2 stage 
amp. complexi-ty 

Gate 0.002 0.02 23 

0,0002 0.002 XO.1 fo r  screening 

XO.5 f o r  d ig i t a l  0.0001 0.001 

Net 0.0023 0,023 

- 
X23 f o r  quantity 
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Part o r  
Subassenbly 

Diode 

Ret 

Diode 

Net 

Diode 

He t 

Transis t o r  

Net 

Res i st o r  

He t 

Resistor 

Met 

Failure Rates, $/lo00 hrs  
+160O~ Quantity Comments -- +8OoF - 

0 .Y)OOl 0 . 001 
0.0002 0.002 

0 . 00002 0 10002 - 
0.002 0.004 

20 

0.001 0.001 2 

0.01 0.01 

0 . 001 0.001 

0.002 0.002 

0,0001 0.005 1 

0 . 0002 0.01 

0,00002 0 . 001 -- 
0.0001 0 . 001 

0 . 0002 0.002 3 

0.001 0.01 

0.0001 0.001 

0 .COO3 0.003 

0.00001 0.00001 62 

0.00062 o . 00062 

0.1 0.1 

0 .ooh 0.ooL 
7 

Basic rate,  s i l i con  

X 2  for voltage factor 

XO.1. f o r  screening 
.v 

X20 fo r  quantity, and 
minimum ra te  o f  0.0001 

Basic Rate, si l icon 

X10 f o r  zeners 

XO . 1. f o r  s Greening 

~2 for quantity 

Basic rate,  germanium 

X 2  f o r  voltage factor 

X O . l  f o r  screen5ng 

X1 f o r  quantTty, and. 
minimum rate of  0.0001 

Basic rate,  s i l i con  

XS f o r  voltage factor 

X0,l f o r  screening 

X3 f o r  quantity 

&sic  rate,  carbon 
co m;r: o s i t  ion 
x62 f o r  quantity 

Basic rate, %lire wound 

xO.OL f o r  screening 
( approximate ) 

0.03 0.03 X7 f o r  quantity 
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Failure Rates, %/lo00 hrs  
+SOOF c160°F Qu,antity - ' 0.01 0.02 , 32 

Part  o r  
Subassembly 

I_ 

Comments 

Capacitor Basic rate, ceramic, 
30% rated voltage 

XO.5 fo r  screening 
P 

0,005 0.01 

0.16 . Om32 Net X32 f o r  quantity 

Basic ra te ,  Nica Capacitor 

Net 

0.00008 0.00008 t 
0.00032 0.00032 X t  f o r  quantity 

Capacitor ' 0.0025 0 . 005 13 Basic rate,  solid 
tantalum, 30% 
rated voltage 

X0.2 f o r  screening 0.0005 0.001 

Net ' 0.013 0.013 Xl3 f o r  quantity and' 
m i n i m u m  r a t e  of 0.001 

0.005 0.005 5 Basic rate, R.F. 

xO,S fo r  screening 

X5 f o r  quantity 

Induct o s  

0.0025 0.0025 - 
0.0125 0.0125 Ne 21 

Transf orrre r 0.1 0.1 1 Basic rate, pulse 

X O . ~  for  screening 

Xl f o r  quantity 

0.05 0.05 

0*05 0.05 Net 

tl 

0 . 0015 0.0015 163 Pins and 
Socket 

Basic rate, internal,  
e s tixa t e d. 

Net X163 fo r  quantity 0 2L45 0 2lrll5 

0*1 0.1 1 100 pins, basic rate 
per contact o f  0.001 
es tjmat ed 

G onne c t o r  

Net 0.3. 0.1 X1 f o r  quantity 



Sunmring a l l  these failure rates  gives 

0.76122 $/lo00 hours a t  +80°F, 

2.23971~ $/lo00 hours a t  +1600F. 

and , 

Applying the. proper use envirnoment K-factor does not change these 

nunbers, as only a very small par t  of the equipmnt's l ifetime i s  spent i n  

anything but an idea l  environrent. Thus, the mean time between fai lures  

(kT.3.F.) for  these fa i lure  ra tes  is:. 

130,'OOO hours f o r  the +80°F case, and 

45,000 hours f o r  t h e  -t-l600F case. 

It is  interest ing t o  note tha t  a t  +800F, discounting the r e l i a b i l i t y  

contribution of  the connector and internal  sockets ra ises  the 11.T.B.F. t o  

2110,000 hours .  
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Scott sdale, b i z 0  
RELI.ABIISTY AND COMPONENTS GROUP 

1-64) 

COPfESr Ssction Heads 
Re Samuelson/R. Elmsr 
A;. Hume/R. Yost 
C, E & ~ S / K .  Porter 
Rel iab i l i ty  Coo 

687 F i l e  

Rellabfzi €clysis Ssction 

Pax% Faflure Rates 

Thfs memorandum modifies MILEDBK-2$7 componmt part falluaps rates 
fo r  use J, estimating mean time between f a i lu re s  (MTBF) of Motorola Western 
Center equipment, 
of the  results of la rge  sca le  pa r t s  Lasts, by study of  Notorola equipment 
failures i n  the  f ie ld  and i n  the  plant, and by careful consideration of pax% 
application l imitations.  Where applicable, MZ-HDBK-217 f a i lu re  rates have 
beon adopted, Xowever, as would be expected, sonm of the failure r a t e s  heroh 
vary widely from those reported i n  t h e  Hcancibook, and, in f ac t ,  f r o m  those used 
by other companies. This i s  due t o  vmiables such as choice of par t  suppliers 
and procurement specifications,  screening t e s t s b  the  manner i n  which the  par t  
is applied, the environment, the  equipment design techniques used, and delays, 
on tho par t  of t he  MIL-Handbook, i n  absorbhg new inputs such as the  data f i o m  
the  Minutoman t e s t  program. 
includes integrated c i r c u i t s  nnd other  new developments not presently in the  
MIL-Handbook. 
is available fkom the  R&C Group on request, 

The l i s t e d  fafiure r a t e s  have been estaZlished by malysis 

Spocial Memorandum No. 188 (SI-188) coverage 

A memo comparing 524-188 failure rates with those of I lJLHD3K-2L7 
b:. 

Motorola's f a i l u r e  ra tes  generally apply for  par t s  procured t o  MIL- 
specifications from selected suppliers -witti only normal incordng inspection 
procedures employed. 
a s  "debugged'1 or  tlscreensdft, procured t o  a hi-re1 MILspacification, o r  s u b  
jected t o  screerdng as  pa r t  of t h s  incoming inspection procedure. 
design and packaging techniques a re  assumed. 

There are  numerous exceptions where the  par t  i s  IdentiNed 

Normal c i r c c N  

Motorola's f a i lu re  r a t e s  indude, out-of-tolerance or degradation fd- 
io or %xtndomt* fa3lwrss f o r  which no causo can be 



Table 1 Usts failure ratos for l o w  population pa r t s  an8 p&s for 
which the faUuro r a t e s ' a r e  not parti&arly dopendont upon ambient temper& 
t w e .  Where applicab2e9 jmproved f d h r e  r a t e s  obtained by screoning are 
shown. Failure r a t e  curves are attached for common p& types. 

Tables 2 and 3 describe two proeodures for using those fa i lure  
rates in making FQBF estimates, 

As an exxmple of t he  results which have been obtained using these 
r a t e s ,  an NTBF estimate was made  for t h e  Miner Fl ight  Command ;4rstem, using 
t he  procedure of Table 3 ,  and compared with the mtBF determined in actual 
oporation. This cortlparison is a v e n  b s 2 O W e  

Measured vs. E s t k t e d  WBF for 
Marjner Flight Command Systom 

Measured MTBFt Over 50,000 hours 

Estimated 61,340 hours (45OC) 

The measured data was accumulated on twelve (12) syst;ems. The data 
consisted of over 5O,OOO hours of operation with one fajlure. 
equziPments had over 11,000 hours of oporation. 
t o  vacuum, temperature extremes of +75*C t o  -iOOC, and vibration, but  with the  
bulk of the  operation occurring i n  a &!$'C mbient.  I n  addition, systems success- 
fully f l e w  past Venus ( N 120 days) and Mars (-. 242 days), activatod experiments 
i n  the vicPnity<of the planets,  and d s o  participated i n  complex midcourse 
maneuverso &ll functions wem porfom.ed with flawless accuracy in both miss%ons, 
even though unorgected excossivs tompor-atmes occurred on the  Venus mission. The 
complexity of the Mariner Fl igh t  Conrrnnnrcf System i s  approximately 226 t rans is tors ,  
525 &odes, and 1650 other electrical component parts. 

One of the  
Each equipment had some exposure 

As additional. t e s t  and f ie ld  data accumulate, they wi31 be analyzed t o  
obtain additional. o r  supplementary f&we r a t e  information. 
data on equipment fa3l.u.m r a t e s  m e  urged t o  forward this information t o  tho 
Rel iab i l i ty  and Components Group f o r  us0 i n  updatjng these failure rates.  

Persons with new 

I 



Table 1 

MOTOROLA INC., WESTERN CEXTER 

PART FAILURE RATES 

These bash failure ra tes  are for  par ts  used h fixed grdund equipment 
with non-digital c i r cu i t ry  a t  an ambient temperature of +65OC and applied a t  
5@ nominal e lec t r i ca l  ra t ing,  unless otherwise specified. 
f o r  procedures to include the  e f fec t  of d i g i t a l  c i rcu i t ry ,  other application 
factors,  and other environments . 

See Tables 2 and 3 

1 . Capacitors A i r ,  Variable '(Tubula'r ) 0.15 _-- 
Ceramic, Fed-thru and 0.10 0.02 
Stand-off 

Glass, Variable (Piston) 0.15 --- 
Glass, Variable (Piston, 0.02 --_ 
JFD Hi-Re1 Type RVC) 

For comon capacitor types, see attached curves. 

2. Choppars Electromechanical 0 *5 
(IO@ ra t ing)  

Solid State See Note 1 See Note 1 

3. Clutches Electromechanical See MIL-HBK-217, Page 143. 

4. co i l s  See Attached Curves 

5. Component hens' 

6. Connectors 

*mated, a&ive 
pa i r  of pins 

Sealed 0.10 

Unsealed 0.50 

(size 20 contacts or 
larger;  use multiply- 
ing factor of 1.2 for  
smaller s i ze  COH- 
tacts .  ) 

MIL-c-20-182 

M I L - C - ~ ~ ~ O O  

~1r-c-5015 

Rack and Pmol 

0,00i0/oontaot" -a- 

0.0008/contact ---. 

0.0015/contact --a 

0.0012/contact -I- 

51.1-188 -3- 



Failure Rate, $/lo00 Hours 
Component Part Description Standard Screened 

6. Connectors ' Print& wiring 
( conthued ) i 

. Plug-in (Nugent) O.OoOj/contact ---- 
pin and Socket 0.0015/contact --= 

Edge-on 0.0015/contaot 0-0 

Var icon O,OOiZ/contact --a 

RF . 

UG Series 0 . 005 LII 

Flat Cable o . 01 /contact "-- 
. Other Types Consult R&C Group 

I 'h 

A l l  other types Consult R&C Group 

7. Crystals, Quartz Oscillator Applications 0 . 10 0 ; 003 

,Crystal Mlter Applica- 
tions . 

8. Crystal Ovens 

9 .  Delay Lines 

3.0, Modes 

11. Ferrite bvieles 

Linear Phase Roq'd 

Non-l-lnear Phase Req'd 

Sealed (IO@ rating) 

. Unsealed (IO@ rating) 

Distributed Constant 

Lumped Constant 

. Magnetostrictive 

Quartz 

3ee Attached Curves 

Circulators 

0.05 

0.005 

, 0.10 

0.50 

0.05 

See Note 1 

0.10 

0.20 

5 watts hxa-mum 0.1 

Ovor 5 Watts 2.00 

Isolators  

5 Watts Maximum 0.05 

"-- 

--- 
-a- 

See Note 1. 

"-- 
--- 

e-- 

3M-188 



0 

Failure Rate, $/lo00 Houra 
Component Pa r t  Description Standard Scroen'acl 

12, M l t e r s  Audio See Note 1 , See Note 1 

Crystal See Note 1 See Note 1 

Micr mave 0.02 0.004 

RF 

RFI 

0.02 0.004 

0.10 0.02 

13. Integrated Circui ts  See Attached Curves 

14. Lamps All Types 0.10 --I 

15. Magnetic Amplifiers See Attached Transfoper  Curves 

16. Motors A l l  Types See MIkMBK-217, Page 143 

17. Meters AC, DC, RF 0.50 --- 
Time Totalizing 

18, Relay' coaxial 

Basic rates are f o r  
0-100 actuations/hr, 
Multiply basic r a t e s  General Purpose 
by 1.5 f o r  101-200 
and by 2 for  201-300. 
Consult R&C for  other Data) 
usage ra tes .  

Dry Reed 

Hi-Re1 (Vendor Certified 

HkRel (Motorola Screened) 

35-188 

Latching, General Purpose 

Latching, Magnetic, MIL 
Grade 

Mercury 

Military Grade, QPL-5757 

MUAtary Grade, QPL-6106 

MUitary Grade, Non-std, 

lovol Solocted 
MIL-R-5757 ma, 

Military Grade, Non-std , 
Sansitivo 
MIL-K-5757 TYPO , 

Powor 

-5- 

0.50 

0.25 

0.35 

0.30 

N/A 

0.35 

0.30 . 

I..-- 

"-- 
-.-.I 



Component Par t  

18 . 

19 

20 . 
21 0 

22 . 

23 0 

. .  Relay 
(continued ) . 

Resist or  s 

Sensistors 

Solenoids 

Switches 

Basic rates are,for 
0-10 actuations/hr. 
Miltiply basic rates 
by 2 f o r  11-20 and 
by 3 fo r  21-30 
actuations/hr . Con- 
sult Recc f o r  other 
usage ra tes .  

synchros 

Solenoid Type 0.60 

Sensit ive 0.60 

Stepphg 0.50 

Telephone 0.25 m-0  

Time Delay, Electronic See Note 1 --- 
Time Delay, Motor Driven 1.50 --- 
Time Delay, Thermal 0.60 -"- 
F'ixd and Variable .. See Attached Curves 

a 
0.15 -00 

All !l'ypes 0 4 0  -(I-. 

C o d a l ,  Manual 0.40 --" 
Explosive (when sub jectsd --: 0.10 
t o  very t i g h t  AQL) 

Pushbutton 0.60 "..U 

Rotary (Ma-S-3786) 0.0025/contact --- 
Sensitive (Microswitch) 0.25 ---- 

0.70 <--- Thermos t a t  i c  

Toggle and Toggle 0.30 I-_ 

Actuatod 

All types See MIL-HBK-ZI7, Page 143 
.-- _._ _ _ _ _  _I__ __. __ . - - . - 

24. Thsdsbora Other Than Glass Bead Types 0.01 

Glass Bead Type 0 . 001 
25, Thermostats Types 0.50 

26. Transfonnors Soe Attach& Curves 

27. Transistors Soe Attachod' Curves 

28, Tubs ,  Electron m a t u r a  And sub.- 
mjytilaturo 

Sing10 Soction Tube 1.5 
(nlso, 1/2 double 
aoction tubo) 

iaa -6- 



Failure Rate, $/lo00 HOWY 
Component Pa r t  Descriptlon Staridard Screen& 

28, Tubes, E2ectron Klystyon 5.0 (See e--. 

(continued ) Note 3 )  

29, WaveguSde 

Magnetron 

Nuvistor 

Power Ampl3fier 

Rect i f ier  

Regulator 

Thyratron 

TR Tube 

Travelhg Wave Tube 

F'ixed, por mated pa i r  
of flanges 

Flefible,  per mated pair 
of flanges 

10.0 t o  40.0 -"-. 
(Soe Notes 
2 and 3 )  

0.25 "-..I 

5.0 (See IL.l-. 

Note 3) 

2.5 

1.5 

20.0 

10.0 (See 
Note 3)  . 

10.0 (See 
Note 3)  

0 . 001 
0.01 

Shutter 1 .o --- 
30. Microwave Cavities F3Xed 0.01 ..-- 

Variable 0.10 om- 

Note 1. 

Note 2. 

Note 3. 

For this device, determine the faUwre r a t e  by surmning the f a i lu re  
rate of the constituent par ts .  

Typical fanure  Gate range is shwin. 
failure r a t e  may vary widely with the individual application. 
Therefore, the f a i lu re  r a t a  must be determind by considoring the 
m o r i t s  of each application, 

h s o d  on pericdic rnaintonanco (roplacomont) as  followsr 

However, for  t h i s  device, the 

Contact tho Rex: Group for assista.ncec 

Magnetrons, Klystrons, and TR t u b s  - 500 hours 

Powor mplifiors and travoling wave t u b s  - 1000 hows 

Othor tuho typos - 2000 hours or nioro, doponding upon 
application. 

-7- 



Table 2 

Rapid NTBF Estimates 

During the  proposal phase and ear ly  design stage of n e w d s c t r o n i o  
equlpment, l i t t l e  specif ic  pa r t  information is known except the  types and 
quant i t ies  of pa r t s  proposed and whether sc rewing  is planned. 
method fo r  a rapid and very approxbate method of estimating the  equipment 
failure rate and MTBF. 

Use this 

Step 1 

Assume t h a t  dl1 par t s  are used a t  &joC and 5 6  of nomrlncit 

a t  3 
type from the  curves and from Table 1, as applicable. 

Step 2 

Multiply the  faflure rates of a l l  pa r t s  of d i g i t a l  c i r c u i t s  
by 0.25. 
considerably by the  abil i ty of such c i r cu i t s  t o  accept large 
variations and d r i f t s  i n  pa r t  value and by tho opportunity 
f o r  improved design made possiblo by repe t i t ive  use of a few 
basic c i rcu i t s .  
derated t o  a much greator degree than tha t  assumed in Step 1 
above . 

, except for germanium semiconductors, which a re  used 
of nominal ra t ing.  Make the estimato f o r  each pa r t  rat% 

The f a i l u r e  r a t e  of d i g i t a l  c i rcu i t s  i s  lowered 

In addition, the par t s  w i l l  generally be 

s t ep  2 

Miittiply tho sum of f a i l u r e  kates f o r  the  pa r t  coniplsmsnt of 
the equipment, obtained in Steps 1 and 2 above, by the most 
appropriate K-factor listed below. 
approximate adjustment for the  effects of ambient tomperatwe, 
humidity, vibration, and shock typical  of various usages. 

This K-factor i s  an 

Use Environment K- Fact or 

Ground Equipment, Mxod 

S a t e l l i t e  ( i n  o r b i t )  

Ground Equipment, Mobile 

Airborne Equipment, Standby 

Airborne Equipment, Flight 

Shipboard Equipment 

M3.ssllo Ecpipmont, Non-oyorating, 
. .  

S U O  Storage 

Missflo Equlpinsnt, Standby 

Missfie Equipment , m i g h t  

1 

1 

1.5 

1.3 

2.5 

2.5 

0.1 

3.0 

10.0 

SM-188 -8- 



Table 2 (continued) 

Rapid MTBF Estimates 

s tep 4 

If all p a t s  are assumed t o  be i n  ser ies  f o r  r e l i a b i l i t y  
purposes ( that  is, failure of any part  resu l t s  i n  equipment 
f a i lu re ) ,  calculate  WBF as  follows: 

105 MTBF (Hours) = 
Total Equipment Failure Rate ($/lo00 Hours) 

CAUTION: If redundant pa r t s  or c i r cu i t s  are used in the equipment, the H'l?BF 
figme above is not  valid. 
Rel iab i l i ty  Analysis Section for assistance i n  calculating rel ia-  
b i l i t y  for  a given mission t h e .  

In such d'ases, consult the R&C 

SEt- 188 . -9" Revisod 7-1-64 



Table 2 

Refjnod K!XF Estimates 

A mom’refined but admittedly s t i l l  approxfmate method of preparing 
an estimate of equipment f a i lu re  r a t e  and MTBF is t o  account for  the e f fec t  
of anticipated ambient temperatures and derating fo r  as many par t s  as  possible, 
individually. 
agreernont with the assumption of Table 2, Step 1, the rapid procedure of 
Table 2 is preferred t o  t h i s  Table 3 method.) 

(If the expected ambient temperature and derating a re  i n  good 

Step 1 

Using the curves and Table 1, as  applicable, make a f a i lu re  
r a t e  estimate f o r  each par t  and temperature. The fa-ilure 
r a t e s  given i n  Table 1 fo r  low-population (special)  par t s  
a re  necessarily approxfmate. To more accurately estimate 
t h e i r  fa i lure  r a t e s ,  each such par t  should be c a r e m y  
analyzed t o  take in to  account i t s  design, qual i ty  contpol, 
and specific application. 

Sten 2 

Multiply the f a i lu re  r a t e s  of a l l  par t s  of digi ta l .  c-$.rcuits 
by 0.5. Since the curves have been used. t o  account f o r  
derating, this multiplier is an adjustment only for the  
a b i l i t y  of d i g i t a l  c i r cu i t s  t o  accept large variations and 
d r i f t s  i n  part value, and for the opportunity for improved 
design made possible by repe t i t ive  use of a f e w  basic 
c i r cu i t s  

Step 2 

Multiply the sum of the faUure r a t e s  for  the par t  complement 
of the equipment, obtabed i n  Steps 1 and 2 above, by the 
most appropriate X-factor l i s t ed  below. Since the  curves 
have corrected f o r  ambient temperature, t h i s  K-factor i s  an 
approAmate adjustment f o r  the effect  of vibration, shock, 
and humidity. 

K- C., &or Use Ehvlronment -.- - 
Ground Equipment, F‘ixed 1 

S a t e l l i t e  ( i n  o rb i t )  1 

Ground Equipment, Mobile 1.3 

Airborne Equipment, Standby 1.2 

Airborne Equipment, Flight 2.0 

Shipboard 2.0 

Missilo Equlpmont , Non-operating, 0.1 
Silo Storago 

Missilo Equipment, Standby 2.3 

Missile Equipment, Flight 8,O 

-1 0- 2114-188 Rovisod 9-1-65 



Table 3 (continued) 

CAUTION : 

Reflned MTBF Estimates 

step rc 
If’ a l l  par t s  are assumed t o  be i n  series for  r e l i a b i l i t y  
purposes ( tha t  is, f a i lu re  of any pa r t  results i n  equipment 
f a i lu re ) ,  calculate  MTBF as follows: 

105 WE@’ (Hours) = 
Total Equipment Failure Rate ($/lo00 Hours) 

If redurdant par t s  or c i r cu i t s  are used i n  the equipment, the 
MTBF figure above is not valid. 
Rel iabi l i ty  Analysis Section f o r  assistance in calculating 
r e l i a b i l i t y  for a given mission time. 

In sych cases, consult the R&C 
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'17 MULTIPLY FAILURE RATES BY; 
4; 3 FOR MIL-C-25, CI-IAR. ~ K VARIETY, 1 :  5 FOR MIL-C-25, CHAR. A THr\U F VARfETY 
- -  1 f 0.5 FOR hfINUTEMAN VARIETY 

~ ~ - 1 8 8  -13- OPERATING + NOMINAL 

I .  

a 1  

1 .  

i !  
/ *  

.i! 
.7 .e .9 I .o 
RATED VOLTAGE 



THAN .001 rn 





C O I L S  AND TRANSFORMERS. R F  MIL-C- 15305' ' 7-1-64 

USE NO FAILURE RATE LOWER THAN .0025 

THESE FAILURE RATE CURVES ARE FOR FIXED R F  COILS WITH WIRE 
SIZE lf-20 to #!38 AWG. 
MULTIPLY THESE F A L U R E  RATES BY: 

- - 
L 

2.0 FOR TRANSFORMERS d 
4.0 FOR VARIfiBLE UNITS I 

2.0 
0.5 

- 

FOR WIRE SIZE 1/40 AWG 013 SMALLER DIAMZ'I'ER 
FO12 DRIFT SCREENING CONSISTING OI?, AS A MINIMUM, INSPEC- 
TION A T  1OX MAGNIFICATION, LOW-TEMPE'RATURE STORAGE, AND 1 
3 T E M P  E l2AT U RE C Y CL ES r. 

SCREENED, USED A T  100°C (INCLUDING 'I'Eh4PERATUIU3 RISE) 
THE BASIC COIL FAILURE RATE IS ,0065 A T  100°C 
THE FINAL FAILUltE 12ATE IS (.OOG5) (4) (2) (2) (.5) = ,052 %/IO00 
HOURS 

EXAMPLE: CLASS B VARIABLE TRANSFORMER \;VITII #40 WIRE; DRIFT- 



DETER?JINE BASIC FAILURE RATE FROM CURVES AND MULTIPLY BY REVERSE 
~OLTAGE FACTOR. hlULTIPLY BY ADDITIONAL FACTORS B%LO\V I F  APPLICABLE, 

ADDITIONAL MULTIPLYING FACTORS - -. FOII -. SPECIAL TYPES A N D  SCREENING: 
FTXXT C O X T T K N ~ I T ~ K H Y A V E  I)IOL)EY. ........................... 5. o 
BOSDED POINT CONTACT DIODES. .................................. 2 . 0  
SINGLE AIEASUREMENT SCREENING: 1 .8lioC STORAGE (1 weck) ......... 0 .2  _ -  

2 .25OC POWER L I F E  ( I  week).  ..... 0 . 1  
1. SINGLE D R I F T  SCREEN (250 hrs) 0.05  
2. DOUBLE D R I F T  SCREEN (hleasure 

DRIFT SCREENING*: 

a f t e r  250 and 500 hours )* . .  *Temp c y c l i n g ,  c e n t r i -  0.6 
f u g e  , shock,  'vibration, 
and power l i f e  a t  25OC. 

. .  

. . . .  

. .  
_- 

:LURE R 

REVERSE VOLTAGE (V,) 
FACTOR 

V, RATIO** MULT. 
FACTOR 

2.0 
2 .0  
2 . 1  
2 .2  
2 .5  
2.9 

[%I 
4.1 
4.7 
5.3 
6.0 
6.9 
7.8 
8.9 
10.00 

0.00 
0.3.0 
0 .20  
0.30 
0.40 
0.50 
0.55 

0.65 
0.70 
0.75 
0.80, 
0.85 
0.90 
0 . 9 5  
1.00 

. 0 . 6 0  

I F  RATIO IS  UNKNOWN, 
USE FACTOR OF 10.0, 

**RATIO OF ACTUAL VR TO .OO! 
L 

e . 7  

XOMINAL RATED V, c 
-- , 

3XA3lPLE: FAILURE RATE FOR 
TTl%mAL PURPOSE DIODE - 

IISED A T  0.3 RATED CURRENT ,. 
I .  ! ( Io ) ,  0 . 6  RATED V R ,  AND I 2  

i 65oc, WITII SINGLE DRIFT 
SCREEN IS: 

i .018 x 3.7 x .05 
= .0033~/1000 IIOURS 

1. 0' 



DIODES (SILICON) , VARACTORS and VOLTAGE VARIABLE CAPACITORS+ * 9-1-85 

DETERMINE BASIC FAILURE RATE FROM CURVES A N D  MULTIPLY BY REVERSE 
VOLTAGE FACTOR. MULTIPLY EY A L L  APPLICABLE FACTORS BELOW. I 

[ ISOTE: 
POIhT CONTACT MIXER DIODES (RADAR). . - 50.0 MIXER D!ODES (RADAR) . 10.0 
POEhT CONTACT, MICROWAVE, PIN, A h ?  HOT CARRIER DIODES . , . . , . . , . , , 5.0 
rUKNEL DIODES (IJCILOW 250 mc)  . . . . 1.0 (251) mc and over) . . . . . . , . . . . , . . 5.0 

USE IS0 FINAL FAILURE RATE I3ELOW 0.0001 $~ , / lC)@O Hrs. 1 

3 LAYER DEVICES, POWER DIODES (1 amp + over), VARACTORS . . . , . . , , . . . . 
SIKGLE hfEASUREMEhT SCREEhTNG: 15O0C STORAGE (1 week) . . , . . . . . . . . . 
SIXGLE MEASUREMEhT SCREENNG: 25OC POWER LIFE (1 week). . . . . . . . . 
SINGLE DRIFT SCREENING* (250 hrs) - .  . . . . . . . . . . . . . . . . . . , . . . . . . , . , 
DOU5LE DRIFT SClIEENTKG* (Measure after 250 and 500 hrs) . . . . -. . . . . . . . , 
*Temp cycllng, centrifuge, shock, vibration, and power life at 25OC. 

**VOLTAGE VARIABLE CAPS. 
. 

ARE VARACTORS OPERATIXG 
AT ZERO POWER. 

REVERSE VOLT,AGE (V,) 
FACTOR 

0.00 
0.10 
0.20 
0.30 
0.40 
0.50 

2.0 
2.0 
2.1 
2.2 
2.5 
2.9 

0.55 
0.60 
0.G5 4.1 
0.70 4.7 
0.75 5.3 * 

0.80 6.0 
0.85 6.9 
0.90 7.8 
0.95 8.9 
1.00 10.00 

FOR ZEhTRS, VARACTORS 

USE FACTOR OF 10.0 
.- O R  I F  RATIO IS UhXh'OWN 

EXAMPT,E: FAILURE RATE 
FOR A GENERAL PURPOSE 
DIODE USED A T  0.5 RATED 
CURRENT (Io), 0.G RATED Vn, 

AND 65OC, WI'I'II SINGLE 
DI I IFT  SCIIRl<N IS: 

,012 x 3.7 x .05 
= .002Z~~/1000 IlOURS 

* ' 21 

4.0 
0.2 
0.1 
0.05 
0.03 

2 0.3 0.4 0.5 -0.G 0.7 0.8-,0.9 , l , O  .. 
OBf.:RA?'Ia'G f ISOhfINAL RATED POWER (CUltREhT) 



IHTECRATED CIRCUITS 

"'. 

9-1-05 

MULTIPLY FAILURE RATE BY A L L  APPLICABLE FACTORS BELOW: 

SINGLE MEASUREMENT SCREEMNG (TEMP. CYCLING, CENTRIFUGE A N D  

SINGLE MEASUREMENT SCREENING (TEMP. CYCLIh'G, CENTR1,WGE AND 

MULTIPLE-CI1P 1.h"EGRATED CIRCUITS s e . . . . , e . . 5.0 

STEADY-STATE OPER. LIFE), , . . . . . . . 0.1 

HI-TE.W LIFE (RON-OPER.)). . . . . , . ,., . . 0.2 

bQTE: USE NO FINAL FAiLUlIE RATE DELOW 0,001 r%/lOOO HRSI 

. w 
3 

0.1 0.2 0.3 0.4 0.5 0.0 0.7 0.8 0.9 1.0 

OPERhTING4NOhfINAL RATED POWER OUTPUT* 
* DEFINED AS TIIE RATIO O F  DISSIPATED PO\YER TO NOMINAL RATED 

POWER FOR THE ENTIRE IN'I'EGRATED CIiICUI'l' PACKAGE OR TIIE 

SINGLE TRANSISTOR IN TlIE CIRCUIT, WIIlCllEVER IS GREATEI?. 
A SINGLE TIlANSIS'I'OR, USE NOM'INAL POWER RATING WIIfCII THE 
EQUIVATX N'I' SI NGI ,E TRANSlS'l'011 T Y  1'16 \ilOU I ,D !I A\'E I F' PA C,'K t\G E 
AND MOUN'I'EL) IN 'I'IIE SAMIS XIANNI<R AS '1'11 IC IN'l 'EGl~Al'~?.D C.'IIICUIT. 

RATIO O F  DISSIPATED POYt'EII TO NOhrfINAL RATED PO\\IER M)R A h !  
FOR 

BIOTORO1,A AlEDWC ! 
SM188 :21- 
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0.025 FOR TIN OXIDE FILM (CORYING GLASS TYPE N) 
0.04 FOR METAL FILM RN17GO (MEPCO FH) 
O.OG FOR DEPOSITED CARl30N jtII-r\EL (PER MEPCO 

ME-27 CHAR. G AND MOTOliOLA THIN F I W )  
.o.o8 FOR DEPOSITED CMWOIS H I - ~ E L  (PER m CG 

CIIAII. G )  . 
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1. MULTYPLY FAILURE RATE BY: I ! :  ; 0,018 FOR HI-IIEL (MIKUTEMAY) VARIETY 
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MULTIPLY FAILURE RATES BY: 
0.5 FOR HERMETIC SEALED METAL CONST. 
1.0 FOR ENCAPSULATED CONSTRUCTlON 
2.0 3'03 WIRE SIZE NO. 40 AWS 03 SYALLER 
0.5 F O 3  SCREEHING (%!me G F  3 'rEI\.:P CYCLES 

AND 150 - I IOUL~ mmwm) 

ADDXTIONAL MULTIPLIERS FOR: 
0.5 AUDIO TRANSFORMER 
0.25 AUDIO REACTOR 
1.3 PULSE, EIIGlI VOLTAGE 

60 00 100 I10 120 I 3 0  110 I50 I O 0  170 

~IEO:?CX,A %!XiC SI{-188 -28- TEI'APERATURE (AMBIENT -t RISE),"C 



ADDITIONAL NIULTIPL',l?!s\S FOR: 
0.7 FJ. LAMENT 7'13 A X S  FOR 11;1 E 12 
2.0 HIGH VOLTAGE TRANSFORMER 
1.0 POWE13 TRANSFORh4ER 
1.2 SATURABLE TlIANSFORl'vIEl3 OR 

0.3 POWEl3 ItEAC'l'Ol3 
M AG N E TIC AM P LI 1;' IE I? 

i .I 

T 
40 EO 60 70 00 BO 100 

-29- TEM PER ATIJ R F  I AM S1-G 1 88 
1 1 0  

RiFhl 
140 



.: TR AN SI S TORS, G E? >.t A N  ! V ?II - 7-1-64; 
DETERMIXE BASIC FAILERE RATE ?3OV CY!?VSS A X 9  :!SrLTIPLY BY RZELATIVE 

YOLTAGS FACTOR. MULTIPLY BY ADDITIONAL F A C T O 2 S  9X:LOIY I T  APPLICABLE. 

ADDITIOXAL MULTIPLYING FACTORS FOR SC!!ZSENXNG: 
SINGLE I\lEASUKE,\lENT SCREENING: 1. 8 5 0 C S ' 1 1  week) .  ....... 0.2 

2. 25OC POlt'ER LIFE (1 w e e k ) .  .... 0 . 1  

2.  DOUBLE D R I F T  SCREEN (Measure 
D R I F T  SCREENING* : 1. SINGLE DRIF'f' SCREEN (250 h r s )  0.05 

a f t e r  25Q and 500 hours )  ..... 0.03 
I 

*Temp c y c l i n g ,  c e n t r i f u g e ,  shock, v i b r a t i o n ,  and Dower l i f e  a t  25OC. 

RELATIVE VOLTAGE 
FACTOR 

'CE 
RATIO** 

0 . 0 0  
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.33 
0.35 
0 . 4 0  
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
1.00 

hIULT , 
FACTOR 

3.80 
3.30 
2.90 
2.55 
2.30 
2.10 
2.05 
2.00 
2 . 0 1  
2.05 
2.10 
2.20 
2.35 

2.90 
p-35-1 

3.30 
3.80 
4.50 
5.40 
6.40 
7.90 
10.00 

I F  RATIO I S  UNKNOWN, 
JSE FACTOR O F  10 .0 ,  

+ * R A T I O  O F  ACTUAL VCE 

TO NOMINAL RA'L'XD VCE 



. . . . .  

TR ANS~STORS , SI LICOX 9-28-65 

DETERMIRT BASIC FAILURE R A T S  FROX CURV!ZS ANT) MULTIPLY ?3Y RELATIVE 
VOLTAGE FACTOR. MULTIPLY BY ALL AZsPLICAI33I.X FACTORS BELOW. 

[ NOTE: USE KO FINAL FAILURE RATE EZLOYI 0.0901 %/lo00 H r s .  f 
I 

POWER TRANSISTORS (1 watt and over), SCR's ... I .  .................... 
FIELD E F F E C T  TRANSISTORS, DIFFUSED. .  .......................... 
FIELD E F F E C T  TRANSISTORS, MOST o r  IGFET ........................ 
SIKGLE hEEASUREMENT SCREENIXG: 15@C STORAGE (1 week) ............ 0.2 
SIKGLE MEASUREMENT SCREENlSG: 25OC POWER LIFE (1 week). .......... 0.1 
SISGLE DRIFT SCREENIRTG* (250 Iirs) ............................... 
DOUBLE DRIFT SCREEf\?NG* (Measure after 250 and 500 hrs) ............... 

4.0 
5.0 
10.0 

0.05 
0.03 

*Temp cycling, centrifuge, 
s!iock, vlbratton, and 
power lice at 250C. 

RELATIVE VOLTAGE 
FACTOR 

RATIO** I FACTOR 

0.00 * 3.80 
0.05 3.30 
0.10 2.90 
0.15 2.55 
0.20 2.30 
0.25 2.10 
0.30 2.05 
0.33 2.00 
0.35 2.01 
0.40 2.05 
0.45 2.10 
0.50 2.20 
0.55 2.35 
0.60 
0.65 2.90 
0.70 3.30 
0.75 3.80 
0.80 4.50 
0.85 5.40 
0.90 G.40 
0.95 7.90 
1.00 10.00 

IF' RATIO IS Uh?(h'OWN, 
USE FACTOR O F  10.0. 

I **RATYO O F  ACTUAL VCE 

- ." 

TO NOMINAL RATED VCE 

EXAMT'T,!% FAILURE R A T E  FOR 
TIIANSIS'I'OII (CEN. PURPOSE) 
USEU A T  0.5 1lA'l'ED P0\4'Elt, 
O.G Iwrr.:u v , ,., A N D  GPC, 
wri i  SING I , ~ ! ~ w  SCIIEICN IS: 

.021 x 2.6 x .05 

A 

- 
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111. SIJTPUBY OF BJISliLTS - 
A summary o f  the e l ec t r i ca l  performance of S/N1 and S/N2 multicoders 

\ 
is  given belaw, 

formance a t  any temperature, and typ ica l  p r f o r s n c e  a t  room temperature, 

( 8O0F) 

This' summary includes specif icat ion levels ,  worst per- 

.. 

Indicated is t o t a l  e l e c t r i c a l  compliance a t  a l l  temperatures , with 
most parameters exhibiting large margins. 

The multicoders meet both s i ze  and weight requirexlents and also 

perforned sa t i s f ac to r i ly  during the following qualTfication t e s t s  : 

a. Electromagnetic interference and suscept ib i l i ty  

b, Temperature 

C. Altitude 

d. Shock 

e. Vibration 

f Acceleration 

Because o f  a seal ing problem, compliance during humidity and s a l t  

fog  cmld not be demonstrated. 
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ELECTRICAL TEST SUMMARY 

MICROMINIATURE HIGH LEVEL MULT-ICODER 

WORST AT ANY TEhlP. 
ARAMETER SPEC ALLOWANCE S / N 1  PERF S/N2 PERF TYPICAL @+8OoF 

upply Current (40 m a  19.8 m a  20.0 m a  19.0 m a  

ack Current (Sample) 1 ua  0.41 u a  0.27 ua 0.22 u a  

ack Current 
Non Sample) 

nput Impedance 
Sample) 

nput Impedance 
:Non Sample) 

’AM L i n e a r i t y  

’DM L i n e a r i t y  

k o s s t a l k  (PAM) 

Zrosstalk (PDM) 

?rame R a t e  

daster Pu l se  Amp. 

?edes ta l ’  Amp. (PAM) 

Fu l l  Sca le  Amp. (PAM) 

PAM S t a b i l i t y  

PAM S c a t t e r  

PAM Off Time  Voltage 

Zero D a t a  PDM Width 

F u l l  Sca le  PDM Width 

Pu l se  Width S c a t t e r  

P u l s e  Width S i t t e r  

DPDM Amplitude 

DPDM Width 

DPDM Rise T i m e  

I (100 na  

> 1.5 megohm 

> 50 megohm 

4 0.25% 

< 0.25% 

C 0 . l  % 

(0.1% 

53% 

+2% - 
+O.lV - 
+ O . l V  - 
+1% - 
+5 mv 

+50 mv 

+10 usec  

+10 usec  

+0.7 usec  

+0.7 usec  

+4 m a  

+5 usec  

- 
- 
- 
- 
- 
- 
- 
- 

< 8 u s e c  

60 na 70 na. 1 na 

43 megohm 37 megohm 40 megohm 

150 megohm 100 megohm >300 megohm 

0.. 08% 0.08% 0.08% 

0.045% 0.03% 0.03% 

0.02 % 0.04% : 0.04% 

0.06 % 0.09% 0 04% 

0*08 % 0.5% 0 .2  % 

2% 

0.003V 

0.030V 

+o. - 02% 

+ 1 mv 

7 mv 

- 

1.4 usec  

2.2 usec  

+ 0.1 usec  

+ 0 . 1  usec  

3 m a  

- 
- 

2 usec 

1% 

0.015V 

0 047V 

L +o. 02% 

+ 1 mv 

7 mv 

3 .0  usec  

3.3 usec  

+ 0.1 usec  

+ 0 . 1  usec  

2.7 ma 

3.5 usec 

- 

- 
- 

1% 

0. O l O V  

0.04V 

- +o. 02% 

+ - 1 ‘mv 

4 mv 

0.3 usec 

1 . 0  usec  

+ 0 . 1  usec  

+ 0 . 1  usec  

2 m a  

1 usec  

- 

3.5 usec  3.4 usec  3.5 usec 
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I 

Several conclusions, both pos i t ive  and negative, can be drawn from 
, 

t h i s  program. \ 

a. 

b. 

C. 

6. 

e .  

f. 

g. 

The e l e c t r i c a l  desigg is more than  adequate and good margins exist. 

The MOS t r a n s i s t o r  switch is  s u i t a b l e  for  t h i s  appl icat ion,  and 

r e l i a b l e  unlimited l i f e  multiplexers can be assembled with t h i s  

device. 

The inter-mixture of flat-pack, TO-5 cans , and d i sc re t e  components 

is e f f ec t ive ly  handled by the b a s i c  packaging approach. 

The Deutsch LOO p in  s e r i e s  HR connector is  a ' re l iab le  high densi ty  

component. 

be fabricated.  

The miniature ceramic capaci tors  used a r e  not sui table  hecause of 

However, a back s h e l l  f o r  m o i s t u r e  and E14I s ea l ing  must 

t h e i r  hyposcopy, which causes e l e c t r i c a l  f a i l u r e  by capaci tor  

leakage i n  the  presence of  on ly  srridl amounts of moisture .  

The metho2s of s ea l ing  the case with epoxy and/or rubber a re  

inadequate, a s  t r u e  moisture b a r r i e r s  seem impossible t o  achieve. 

The rubber (RTV) po t t ing  within the  u n i t  i s  a n  unhappy appl icat ion 

of a good material .  

The reco-mendati&is regarding futu-re e f f o r t s  are : 

a. Retain the e l e c t r i c a l  design, as  is ,  but  use hermetic capacitors 

rather than  coated c e r m i c s  

b. Retain the basic packaging approach, but open up t h e  volume by 

about 50% (about 15% f o r  each dimension) t o  1L cubic inches, t o  

allow incorporating ".(;he so l id i fy ing  fea tures  described below. 
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I, 

2. 

3. 

4. 

5 ,  

Eliminate a l l  in te rna l  pott ing except near the connector, 

and conform1 coat for  mchanicdl integrity. 

S l o t  $he case t o  accept c i r c u i t  boards f o r  added r ig id i ty ,  

Design the  case with only a single cover. 

Seal the  cover with an W l l  ring and cover groove, and hold 

the cover in place w i t h  screwsI 

, 

.- 

Hold the c i r cu i t  boards i n  the v e r t i c a l  dimension by a 

rub'iier sheet forming a f o r m  of compressive package. 

A sketch of the  package is-shown below, * .  , 
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