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Abstract -- 

Design review is becoming a basic requirement during the design 

and development of military systems, The main purpose of the design 

review is to  increase the system's inherent and operational reliability, 

The major portion of this paper is the result of reliability's effort 

to comply with Paragraph 3.6 of NPC 250-1 Reliability Program Pro-  

visions for  Space Contractors. 

The design review to be discussed is a reliability circuit design 

review with emphasis placed on what should be reviewed and the review 

techniques employed. 

The basic circuit design review prerequisites,  component pa r t s  

and their ratings, a r e  discussed a t  the beginning of this  paper. The re-  

mainder deals with the organization and reviewing of circuits. The 

review i tems include worst-case circuit performance, component ap- 

plications, failure mode analysis, noise rejection, electrical s t r e s s ,  

and the determination of component temperatures- Many examples a r e  

included to  illustrate how each item was accomplished. 

This paper is intended not only to  give the reliability analyst cog- 

nizance of basic design problems and troublesome circuits,  but also, to  

aid him in formulating a design review program, 

i i i  



Com~onent  Considerations 

The most basic and important requirement for a thorough design 

review is to  fullv understand the function of a component and i ts  rating. 

Semiconductors 

Many semiconductor failures a r e  caused by heat. The heat may 

be a result  of excessive current,  voltage, power, misuse, etc. The inaxi- 

mum junction temperature is the most important rating a manufacturer 

should specify. 

The component manufacturer will specify that his component will 

operate a s  specified for a certain se t  of conditions. It does not specify 

that i t  will operate in the same manner for conditions which deviate 

from the specified conditions. It is the customer's responsibility t o  

operate the component below manufacturer's absolute maximum ratings. 

It is also the customer's responsibility to convert all  of the manufac- 

t u r e r ' s  component ratings into equivalent ratings which will satisfy h-is 

requirements. For example, the component manufacturer does not know 

at what ambient temperature a system will be operating and, more 

important, he does not know the type of system cooling. Therefore, the 

component manufacturer will, in the majority of cases,  give a basic 

rating and other specified points from which the customer may inter- 

polate o r  extrapolate the conditions he requires. Two good examples 

a r e  the maximum junction temperature and the power-temperature 

derating slope. 

A manufacturer will rate  a semiconductor for an absolute maximum 

junction temperature. The temperature environment in which the device 

is rated significantly affects the power that may be dissipated to reach the 

absolute maximum junction temperature. Figure 1 shows a typical'device's 



power rating for  two different temperature environments, but notice the 

absolute maximum temperatures  a r e  common to both. 

Figure l a  shows the power that a semiconductor can  dissipate in a 

f r ee  a i r  environment. This  plot shows that i f  the semiconductor is placed 

in a f r ee  air environment of 25°C and dissipates i t s  ra ted  power, the junc- 

tion temperature will be at  175-C,  o r  i t s  absolute maximum temperature.  

In Figure l b .  i f  the ca se  is held a t  a constant 25°C and the maximum 

power is dissipated. then the junction temperature will again be a t  i t s  

absolute maximum of 175°C. Although Figure l b  i s  a n  example, note 

the tnaximunl power that may be dissipated in ei ther  instance. What does 

a l l  of this mean to the customer o r  designer? It means that he will use  

the device somewhere between the "best case" where the device would be 

held constant and the "worst-case" where the device would be in f r ee  air. 

Therefore,  it i s  the use r ' s  responsibility to est imate the ambient temper- 

a tu re  of the semiconductor and to determine the type of cooling his com- 

ponents will have, i. e. , radiation, convection, o r  conduction. Most 

space sys tems have conduction cooling. 

The rating specified on the manufacturer 's  specification sheet 

which s ta tes ,  "ratings a r e  at  2 5 ' ~  case  temperatures",  is r a the r  an 

ideal case  and caution must be exercised in applying that data. 

The derating slope i s  known a s  the thermal  resistance. This  is 
specified a s  BJA, thermal  resis tance from the junction to the ambient 

a ir ,  o r  €IJC, the thermal  resis tance from the junction to  case. 

Trans is tor  breakdown voltage ratings a r e  very important and must 
1 be examined before they can be properly applied. The breakdown 
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Figure 1. Two Power Ratings for  the Same Device 

voltages most commonly specified on the manufacturer's specification 

sheet a re :  

For  example, BVCBO is the breakdown voltage of the collector base 

junction with the emi t te r  open. Since the manufacturer does not know 

how his  customer will use the device, he must specify the "worst-case" 

breakdown condition. Depending on how the custonler u ses  the device, 

he may have a higher breakdown voltage than the "worst-case. " 



F o r  example, variations of BV CEO may be BVCER, BVCES, and 

B V ~ ~ ~ .  Figure 2 shows the four cases .  

(0 )  BV 
ceo 

(b) BV 
cer 

(4 BV ces 

Figure 2. Voltage Variations 

The parameter  which affects breakdown voltage i s  leakage cur -  

rent. 

h~ Figure 2a the collector-base junction i s  reversed  biased and a 

leakage cur ren t  flows to the base  where it is amplified and produces a 

collector current .  As the voltage i s  increased. the leakage cur ren t  

and the collector cur ren t  increase.  This  process  continues as a func- 

tion of the applied voltage until the breakdown occurs.  

The s a m e  basic principle i s  applied to  Figure 2b except s o m e  of 

the leakage cur ren t  is drained off via the Resis tor ,  R. Therefore,  

m o r e  voltage may be  applied to reach the amount of amplified leakage 

cur ren t  which caused the breakdown in Figure 2a. 

It can be noted that the sma l l e r  the R the more  leakage cur ren t  

is drained off and the higher the breakdown voltage becomes. When 

R = 0 o r  emi t te r  junction shorted, Figure 2c would apply. 



For the highest breakcown voltage. "CEX. a negative voltage 

i s  applied t o  tile 1,ase. In  this case leakage current is drawn from the 

base to prevent the breal~down from occurring a s  easily. Figure 3 shows 

a t>.pical brcakdowli range, neglecting the sustaining voltage f o r  the 

diffcre~lt ratings. 

Figure 3. Typicai Rrt?akdown Rangc for BV CE 

Very Small 

Collector 
Current 

This l ~ r i c f  csplnnation of brcxkdown voltages uras discussed to 

c>ml)!l;isirc3 why the +'worst-casc" design sliould not exceed BVCEO 

13Vc13Cl. clr f3VriZ0 voltages. 

When c*ircsi~its c-ontain rnanv o f  o ~ ~ e - t y p e  diode. the diode V-I 

c.11;lrac.tcrist ir shoul~f be 1)lottcci on scnlilog graph paper. This graph 

will speerl tllc deiiipi review and will be very  useful. The V-I plot 

is essentially l i ~ i e a r  o n  se~n i log  paper for a forward current of 

:tlx)ut 10 tiia, or whcbn the diode contact resistance begins to affect 

tllc c,li;iracteristic. E'igurc 4 is a typical example. 

1 1 
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Reverse Bias 

'The cluestion that arisc~s fo r  th i s  type of plot is "where can the 

data be obt;tincd? " 
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Forward Voltage (volts) 

Figure 4. Voltage-Current Character is t ics  for  a Typical Diode 

If the end-of-life (EOL) data  is available for  the part icular  diode, 

select  any two V-I points (below 10 ma) a t  the s a m e  junction tempera- 

ture. A straight line may then be drawn through the two points. 

If only one EOL V-I point is specified and the data is not conven- 

iently available, take samples  of the s a m e  diode type and measure  them 

to  find one that coincides with the specified V-I point, Then, with the 



s a m e  diode. find any other V-I point. From these two V-I points. a 

straight-line plot on seniilog paper may b e  made for the diode. 

Another aid used i s  the diode equation instead of the V-I plot. 

The fol1owingdesc:ribes how the particular diode equation may be found: 

(1) Plot the straight line curve on semilog graph paper 

(Log -- i; Linear = V) 

(2) Use the following equation for determining the particular 

solution i -: E k l V + k 2  

(3) Find riny two V-i points on the curve. call  (V i ) the 
1' 1 

larger  point. and (V2. i2) the smaller  point. 

Sulrhlg for the two constants kl and k2 

sub- 
tracting In i - 111 ig :: k (V - V ) 1 1 1  2 

Since thc two constants a r c  ,known. the following equation will de- 

scr ibe  the particular diode V-I curve: 

ivhcr c 

1 : forward diode current (milliamperes) F 

V = forward diode voltage drop (volts) F 

and k and k a r e  the constants previously found. 1 2 



For example, refer  to Figure 4, the V-I curve at 25 "C. 

Firs t  choose two V-I points: 

at an I1 = 10 ma. V1 = 0.76V 

at an I2 = 2 ma, V2 = 0 . 6 8 V  

secondly. solve for  kl and k 2 
i, 

then 

iF = E (20)(VF) - 12.9, 

The equation is useful for computer circuit analysis programs, 

since tables and diode curve approximations a r e  eliminated. 

Resistors  

Tolerances : 

To review a design that has been "worst-case" designed, the 

reviewer must f i r s t  review the Resistor EOL tolerances to verify that 

they a r e  "worst-case". 

Initial tolerances andload-life drift tolerances do not completely de- 

fine the EOL design tolerances. There a r e  at least four variables which affect 

resistor  tolerances that must be considered. They are :  

initial vendor purchase tolerance 

temperature coefficient of resistance 

load-life drift 

drift due to in-house manufacturing processes. 



Initial vendor purchase tolerance - The initial purchase tolerance is 

that tolerance for which the res is tor  was procured. This tolerance is 

a function of what the designer chooses. 

Tetnperature Coefficient of Resistance (TCR) - The TCR is a function of 

temperature. It may be positive o r  negative and is usually specified in 

par ts  per- million per- degree Celsius (PPM/ "C). The specified TCR 

may o r  may not b e  constant over a given temperature region. There- 

fore,  if TCR is riot constant, one must determine the TCR that will 

exist a t  the operating temperature, not at the specified temperature. 

Load-Life Drift - This tolerance is a function of time, power, and tem- 

perature. The component vendor usually supplies the load-life drift 

tolerances. 

Manufacturing Process Drift - This tolerance results from environments 

o r  processes the procurer  uses  in  packaging the resistors .  Items in 
this category would include encapsulation, storage, aging, and soldering. 

The following is a typical example of EOL tolerance for a metal-film 

res is tor  with a TCR of i100 PPM/'  C over a temperature range of 100°C: 

Initial Purchase Tolerance ~tl.  0% 

Drift due to TCR *l. 0% 

Load-Life Drift (2000 hours) *O. 3% 

Manufacturing Process Drift *O. 2% 

End-of - Life (EOL) tolerances k2.571 

For  this example, the designer should use f o r  his "worst-case" 

design a resistor  that has a maximum and minimum value of R N X  

(1.025) and RN(O. 975), respectively, where RN is nominal value of the 

resistor.  



Ratings 

The most important rating for carbon composition, fixed o r  

metal film resistors .  is the power rating. The important considera- 

tion for power rating i s  the determination of the case  temperature a t  

which rated power may be dissipated. Usually, these devices a r e  rated 

a t  25 C, 70 C o r  125 C. If the resistor  is expected to operate in an  

environnlent which is higher than its rated temperature, the first con- 

sideration is to a s su re  the dissipation to be safely below the manufac- 

turer ' s  recommended rating. 

Both power and voltage ratings are important for  wire-wound 

resistors .  The voltage rating is usually specified to  prevent high cur-  

rents in small  wire  and to prevent arcing f rom wire-to-wire. For 

example, a res is tor  manufacturer may r a t e  a resistor  for  one watt, but 

dtle to the value and wire s ize,  it may be found that only two o r  three 

tenths of n watt nlay hc dissipatccl hrfore the voltage rating i s  exceeded. 

Therefore. ill that rase .  the power rating is llieaningless and the em- 

phasis lliust bc placed on the voltage ratlng. 

Cartxm nielal fill11 res is tors  also haile voltage ratings, but in 

l~ract ical ly all space circuit applications, either the power rating dom- 

in ;~tes  o r  the voltage rating is high enough that it is never encountered. 

There a r e  many other components whose ratings could be discus- 

sed, however, t ransistor  diodes and res i s to r s  a r e  the majority for space 

electronics. 

The important consideration for reviewing any component in a de- 

sign is to understand the conditions for which the rating was specified 

and to apply that rating to the conditions o r  extremes that it will be used. 



Integrated Circuits 

Only a few ratings accompany integrated circuits (IC). They are 

usually supply voltage, input voltage, and temperature range. For an 

integrated circuit system, the supply voltages should be chosen t o  be 

safely below the manufacturer's rating. 

Thermal resistance (junction to case)  and the ~naximum allowable 

current  a r e  two often neglected ratings that must be considered in any 

design review. Since integrated circuits a r e  fabricated using P - N  junc- 

tions, the temperature of a particular junction is a function of the power 

that is dissipated at that junction plus a t  any other junction. In other 

words, one thermal resistance may be specified from the chip to  the case .  

(the chip o r  IC itself nlay be considered an isotherm). The other neglected 

rating is the rnaximul~~ allowable current density. This value should be 

considered in reviewing IC's, since exceeded current  density ratings 

will create time- dependent failures such- a s  loose o r  cracked metalizat ion 

lands. 

For example, a typical metalization, shown in Figure 5, from the 

lead bonding pad to a transistor  may have a width of 1 mil  and a thickness 

(X) of 12,000 A. The cross- sectional a r e a  is approximately 

3 x lo-' C M ~ .  It can be seen that this i s  a very small  cross-  sectional 

area.  Since current density is expressed in current per  unit area, 

(usually AMPERES, C M ~ )  the actual absolute value must either be 

obtained from IC nlanufacturer o r  tested by the procurer. A typical 
2 current  density is approximately 200,000 AMPERES/CM . 

For  any logic IC there a r e  only two metalization conductorq for  

which the current density must be known. They a r e  the output t rans is -  

tor 's  collector and emit ter  metalization patterns. The IC manufacturer 

has  control over the current  within the  IC, but he does not know exactly 

how the custonler will use the inputs and outputs. Therefore, i t  is the 

design reviewer's responsibility to  know the IC manufacturer's rating 

and how the designer will use the device. 



Metalization Strip 

Filgire 5.  Typical Metalization 

?%inning a Circuit . Design Review 

The 1,urposc of a circuit  design review is to approach an optimum 

design b y  clim inating problem and/or potential problem a r e a s ,  simpli-  

fying c i r ~ u 1 t s .  testing for  proper component apl~lications.  and perform- 

lng n "\vorst-case" design analysis.  These a r e  the pr imary objectives 

t1i:lt :A c.ii,cu ~t tiesig,q~ review should achieve. 

T 1 1 t  depth of tlic design revicJ\v is cietcrniined by the customer 's  

r~cllrlrelnc 111s. rhis 1s usually  lete ern lined t ~ y  the reliability require-  

~ i i r - ] i t s  tha t  a s\ ~ t c ~ n i  inust n t ta in .  

Iilitlnlly. d l ist  of a l l  co~nponent spec-iflcations, ratings,  and 

deratings should btx placed in one docunnent for easy reference. 

Also, a review of a l l  the designer 's assumptions should be made. 

Once this  has been conipleted, decide what should be reviewed. 

The fullowing will show some items to review, and briefly,  how 

t o  do them. 

Verification .-- - -  - of Wors t -case  An*sis - - - --- -- - 

A reviewer nlay use three approaches to  verify a worst-case design. 
They a r e  hand-solved equations, manual breakboard tes t s ,  o r  computer 

c ircui t  analysis programs. 
1 2  



The manual type i s  very effective but i t  i s  also very time consuming, unless 

a well qualified person who is familiar with many circuit types does the 

review. Breadboard tes ts  a r e  time consuming, expensive, and the r e -  

sul ts  a r e  only fa i r .  Obtaining worst-case conlponents presents a problem 

with breadboard test.  It can be done by sampling a large stock of com- 

ponents to obtain the desired values and using potentiometers, but in 

reality, a l l  the components a r e  never worst-case. Computer circuit 

analysis programs a r e  just beginning to be accepted. They a r e  inexpen- 

s ive and the results  may be poor o r  good. The programs a r e  usually 

well constructed to work for ideal cases but when they a r e  used on various 

types of practical circuits,  many problems a r e  likely to occur. The 

most difficult task in the preparation of a computer circuit analysis is  a 

good workable model of an active device (transistor.  diode, etc.). If a 

system, such a s  a computer, contains only a few types of active devices, 

then the models may be perfected to a good workable s tate .  However, if 

a system corltains many and various types of active devices, the t ime 

expended describing the models becomes excessive. 

The most efficient program to use is one which requires very 

little progralnrning time by the reviewer. 

The best methods of reviewing digital circuits a r e  the manual-type 

calculations and the computer circuit analysis program. The best 

method of reviewing analog circuits i s  the worst-case breadboard 

method o r  a computer circuit analysis program. 

To begin the analysis, use the worst- case inputs and establish the 

circuit component parameters  to give the worst-case output conditions. 

For a tyl~ical  inverter circuit, the factors  to be determined a r e :  

(1) a worst-case input up level that will result in what maximum down 

level, and (2) a worst-case input down level will result in what minin~um 



up level. Then compare the specified outputs with those that were cal- 

c~ulatcd. There a r c  niany ways of calculating the worst- case conditions, 

but nodal analysis scenls to be the most effeytive. 

Verification of Proper Component Application - - - - - -- -- 

Verification of the proper component values and s t resses  may be 

obtained fro111 the circuit analysis. In addition to the proper value, the 

end-of -life (EOL) parameter tolerances should be compared. 

For example consider Table 1. 

Table 1 

COMPONENT EOL VALUES 

'I'llc Conipoueni coluiiln refers to the circuit coniponent reference desig- 

~iatlon. 

1 I lcs~stance 
- -- ---- 

'i'hc Pa r a~nc t e r  colunln lists the pararneter(s) which a r e  affected by EOL 

to1er:inc.e~. 

EOL 0t.sign is  the con~ponent value and its EOL tolerance used in the 

cicsig~i. 

I 

Parameter Value 

EOI, Specified i s  that  tolerance to which a compc3nent EOL parameter 

is specified. 

EOL 
Deslgn 

-- 

3 .  2 K t  5'; 

EOL 
Specified 

3 .  2K 1 5'; 

EOL 
Demonstrated 

3 .  2K. I -4 .  5';;); I 4 .  0'1 



2OL demonstrated represents  the observed worst-case EOL tolerances 

at the end of some period. The tolerances a r e  composed of (1) initial 

tolerance, (2)  temperaturk coefficient of resistance, (3) load life drift, 

and in-house process drift. 

The EOL design value must be equal to o r  greater  than the EOL 

specified and the EOL demonstrated values, e. g. , i f  the demonstrated 

values were greater  than the EOL design, the design was not "worst- 

case" due to  an  improper tolerance. 

Con~ponent s t r e s s e s  must also be  computed since it is usually the 

s t r e s s  level which dictates the systems failure rate. 

Table 2 i s  useful for comparing the actual stress for  a circuit com- 

ponent with the maximunl allowable s t r e s s  specified by Reliability. 

Table 2 

ACTUAL S'I'RESS AND MAXIMUM ALLOWABLE STRESS 

Failure Mode Analysis 

The primary purpose of this analysis is to  verify that a redundant 

circuit is redundant. The secondary purpose is to supply the circuit 

failure modes to the analyst who will perform the Failure Mode and Effect 

Analyses and determine the criticality of the effects a t  the functional and 

system levels. If the system is simplex, the primary purpose is to supply 

the failure mode and effect analyst with the circuit failure modes caused 

by the component par t  failures. 

15 

ConIPonent 

91 

Factor Causing S t ress  
S t ress  

Occurred at 

Collector 
.June tion 

Power 

X 

Voltage 

% of Rated 

Other 

i 

' 

Actual 

40% 

Allowed 

50% 



I n  perfor~ning circuit failure Inode analysis, two c lasses  of c i r -  

cuits a r e  considered. They a r e  digital circuits and analog circuits. 

The digital circuits have specified input and output signal require- 

ments (voltage, current,  timing, etc. ) which classify the logical state 

a s  either a "1" o r  "0". Resistors,  diodes, and capacitors a r e  assumed 

to have two failure modes., Transistors  a r e  assumed to have four fail- 

u r e  modes, t\vo a t  the emitter junction and two at the collector junction. 

It nlust be renlenlt)c>red that only one component i s  considered to  fail 

in ant. lnode (open o r  short)  a t  a n y  assumed failure. Both the short  and 

open modes a r e  considered for each coinponent failure. 

To define an open o r  short  may be difficult. For example, a re- 

sis tor  may open completely (leads, element, ctc. ) o r  it may drift  to a 

high value. Regardless of the type of open, the output will be a t  some 

si:;nal state. It i s  then necessary to dctermine if the signal s ta te  meets 

tile requirelllents for a logical "1" or "0". For the simplicity of the analysis 

and lor the worst-case, the components a r e  assumed to t>e open o r  shorted 

catastrol~hically instead of excessive drifts,  leakaf.$?s, parameter  changes, etc. 

-4ltcr a coll~ponent has heen failed tlic followinc questions a r e  answered: 

Docs the illput fail to a partic.ular state*? 

U so. what a r e  the effects on the preceding circuits? 

Is there a chain- reaction (other conlpontbnt failures) involved? 

If the circuit i s  redundant, i s  the circuit function performed 

properly (proves validity of redundant scheme ) ?  

Does the output fail to a particular s ta te?  

If so ,  what effects occur a t  the succeeding circuitry? 

Is the power supply(s) protected from any single con~ponent 

fa i lure?  



When circuit failure modes a r e  determined for analog circuits, 

the sanie procedure that is applied to digital circuits is used, with the 

exception of input and output signals. These failure effects, at the in- 

put and output due to a single component failure, a r e  described at their 

worst-case situation. 

The importance of circuit failure mode analysis for a redundant 

system is to insure that the redundancy technique used is valid for any 

single component failure. 

Table 3 is an example of a chart to be used in failure mode ana- 

lysis. 

Table 3 

FAILURE MODE ANALYSIS 

Failure mechanisms may be classified a s  either time dependent 

o r  threshold dependent:!. 

Threshold failures and time dependent failures a r e  almost self- 

explanatory. The threshold failure occurs almost instantaneously when 

a threshold rating is exceeded, however, a time dependent failure is a 

Circuit Failure Mode wors t - ca se  ) 

comnlent 

Will Fail 
Q2 Emitter 
Junction open 

power Supply 
Affected ? 

No 

Yes 

Coniponent 

R1 

Output 

Not Affected 

Fails to "0" 

Mode 

Open 

Short 

Input 

Not Affected 

Not Affected 



function of t ime and the s t r e s s  level. Examples of threshold type fail- 

u res  may include semi-conductor junction breakdown where there  is no 

current l ih~it ing,  exceeding a capacitor's breakdown voltage, and frac-  

tured conlponent leads, crystal,  elements. Time dependent fai lures may 

include res is tor  drift, semiconductor contamination, and component 

lead o r  element oxidation o r  corrosion. 

Noise Rejection 

Noise induced into a circuit may be amplified, switch the output 

state, propagated, o r  may even diminish. It is the reviewer's responsi- 

bility to determine the amount of noise a circuit will tolerate. 

Many consider noise a s  energy which i s  a very accurate means, 

but it i s  also very difficult to describe the conditions that must exist. 

A different method, which is most commonly used, assumes  noise to 

represent some D. C. voltage that would cause the circuit to fail, 

(switch state, when it shouldn't). For example, consider Figure 6. 

Figure 6. Noise Rejection Condition 

18 



Normally, VCES + 'Dl < 'DZ + ' ~ 3  + ' b e (0~)  

This says, the input to Dl is at a down level or logical "0" and the in- 

verter output would be at  a logical "I", since Q1 is "OFF". 

The question to be asked, is what noise or D. C. voltage on, o r  in 

se r ies  with t h e  ,input will cause the output to switch to a zero? 

Fir s t  consider the worst-case condition of the normal case. 

V ~ ~ ~ ( n l a x )  + 'Dl (max) < 'DZ (min) + ' ~ 3  (min) + 'be(on)rnin 

Therefore, 

' ~ o i s e  ' ~ 2  (rnin) + ' ~ 3  (min) + 'be(on) ' ' ~ ~ ~ ( m a x )  + 'Dl (rnax) 

This is the worst-case allowable noise. 

Note that VD(min) will occur at the maximum temperature whereas 

' ~ ~ ~ ( r n a x )  o r  V D (ma4  
will occur at a minimum temperature. Consider- 

ing the design temperature range, one should choose a realistic tempera- 

ture difference between any two components in the system. 

The example above was given for a down level noise rejection case. 

There is also an "up" level noise rejection which should also be calculated. 

Usually one will find that the worst-case noise margin will occur at  the down 

level condition with the circuit of interest at its maximum temperature and 

the driving circuit at a minimum temperature. 

The noise rejection capabilities of a circuit become important when 

the driving logic circuit is placed some distance from its load. If multi- 

layer printed circuit boards a r e  used, a careful layout of the signal lines 

must be considered to prevent switching signals in a line from being cou- 

pled, or induced into an adjacent line. 



Circuits,  such a s  capacitive input o r  capacitance coupled and 

low level c i rcu i t s  may be very susceptible to  noise. Ci rcu i t s  with 

capacitive inputs should be avoided. This  circuit  category may include 

single- shots  and amplifiers.  

Component Ternperatur e s  

All of the designer 's  conlponent parameter  values, o r  rat ings,  the 

conlponent fai lure  r a t e s ,  and mechanical engineers packaging arid en- 

vironmental design, must  contend with the one big variable- - HEAT. 

The circui t  designer must c r ea t e  a design which pe r fo rms  a function 

for a given tempera ture  range. The mechanical engineer must a s s u r e  that 

a l l  sys tem temperature requirements  are satisfied. The fai lure  analyst 

must know if the coml>onent has  exceeded i t s  thermal  capacity i n  the par-  

t icular  manner it was used o r  s t ressed.  The reliability analyst must 

know the design temperature range, component ratings,  degree 

of cooling, and probable fai lure  modes due to temperature.  These 

i tems a r e  needed to a s su re  that the total design i s  in agreement with 

the failure r a t e s  used to predict the system reliability. 

When power i s  dissipated in components, the heat generated 

(source)  will be t ransfer red  to a cooling medium (sink). The fewer 

obstacles  o r  heat resis tance paths there  a r e ,  the bet ter  the source 

heat will be absorbed by the sink. Since conductive cooling i s  used 

for  most space systenis ,  many thermal  res i s tances  a r e  usually en- 

countered. If, for example, the t rans is tor  junction tempera ture  in 

Figure 7 were needed, the f i r s t  s tep would involve drawing the thermal  

equivalent shown in Figure 8. Since the mechanical thernlal  equivalent 

of Figure 8 may not appeal to the circuit  reviewer,  an electr ical  analogy 

may be used. 
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Figure 7. Typical Space System Heat Trans1 e r  Condition 

T (Transistor Junction Temperature) I; f' 1 

Average Power Dissipated 6 .  (Junction to Case) 
at the Junction t ,lC 

t - T2 (Transistor Case Temperature) 

$ gC8 (Case to Board) 

1- T3 (Temperature a t  Board-Frame Interface) 

8 (Board to Frame) i BF I- Td Temperature of Frame 

8, Thermal resistance expressed i n  - 
6 (Frame to Water) 

FW 
P, Power expressed i n  mi l l  iwatt (mW) 

TI Temperature expressed in  OC 1- T5 Temperature of Water 

Figure 8 .  Ttlernlal Equivalent 



Power, temperature, and thermal resistance in heat t ransfer  a r e  

analagous to current ,  voltage, and resistance, respectively, in an elec- 

t r ical  system. 

Therefore, if the junction temperature were needed: 

Calculations f o r  junction o r  component case temperatures in an  

encapsulated cordwood module become more  difficult. The difficulty r e -  

sul ts  from the fact that the dissipation of one component will have an 

effect on another component. Therefore, to find a junction temperature 

packaged in a cordwood type module, the total module power must be  

considered for  determining the particular transistor 's case  temperature. 

Once the case  temperature is known, one can directly calculate the 

,;unction temperature by knowing the trans istor 's power dissipation and 

the thermal resistance from the junction to the case. 

In Figure 9, the deratingcurve means that if one has a t ransistor  whose 

case temperature is held at 25"C, and that if  1000 mw were dissipated, the 

junction temperature would be a t  150 "C. Before determining if a component 

is applied properly thermally, one must know the maximum design junction 

temperature, the maximum temperature required by Reliability, and the 

expected mounting surface temperature (TE). 

The derating slope is the thermal resistance from junction to case  

( 8 .  ) The following examples refer  to space system applications where 
JC 

conductive cooling is inferred. 



25 SO 75 1 00 125 1 50 

Temperature ?c) 
Figure 9. Typical Derating Curve 

Let: The maximum design junction temperature be 100 "C. 

The etlvironmcntal temperature (TE) be 25 GC 

then, What is the maxi~nunl power that may be dissipated to 

assure that the junction temperature does not exceed the 

worst- case design temperature? 



Example 2. 

Let: The maximum design junction temperature be 100°C. 

The environmental temperature, TE, be 50 "C. 

then, What is the ~llaxinlunl power that may be dissipated to 

a s s u r e  that the junction temperature does not exceed the 

worst-case design temperature. 

B jC is the same  as ill example 1. 

The most conlmon example used for  design review is shown in 

Example 3. 

Let: The maxirn~lm design telnperature be 100°C. 

The environmental temperature be  75 "C. 

Thc power t l a t  is dissipated be 300 mw.  

What is the junctiorl temperature? 

This example shows that a component would be improperly applied. 

Note that it has not exceeded i ts  absolute junction temperature (150 "C) 

but it has exceeded that temperature for  which all parameters  were  



taken for  the design (100°C). Therefore, the worst-case design would 

not be  valid. 

Peak power and duty cycle play an important part  in justifying 

proper coniponent application. Usually, the most troublesome circuit 

is the emitter follower. The emitter follower is a driver with good 

response time that is used to drive long lirles o r  large loads. Large 

capacitive loads associated with the lines o r  leads may damage the 

device. For example, when the emitter follower begins to turn on 

there i s  a large collector to emitter voltage and a very high load current  

(charging of the line capacitance). Even though the average power may 

be much below i t s  derated value, the device could be easily destroyed 

due to excessive dissipation during the peak power o r  due to excessive 

current.  Figure 10 shows the current of a typical emit ter  follower. A 

useful expression for determining junction temperature r i se  is: 

where 

A T. : increase in junction temperature 
1 

P - collector peak power 
C 

t transient time 

C = junction thermal capacity 
j 

9 t C .  is expressed a s  - 
J t3r 

where 

8 = the thermal t ime constant 

8 = the thermal resistance r 



I 

Time 

Figure 10. Emitter Follower Current Characteristics 

The tllernial time constant and thermal resistance may either 

I J ~  tneasured or  they may be specified on the component manufacturer's 

specification sheet. 

For example, let tIt be 1 millisecond, Or be 125"C/watt, t = 120 

tnicroseconds, and PC be 4 watts. 

- 
(4watts) (0. 1 2  ms) 

then  AT^ - -- - = 60'C 
8 t  -- 1 ms  
or 125 -C.'watt 

This says, due to the specific transient, the junction experienced 

a change of 60 'C above what it was initially. This may o r  may not 

destroy the device depending on what the initial temperature was. It 

inay also exceed the nlaximunl circuit design junction temperature. 

It i s  the reviewer's responsibility to decide these cases  but they do 

happen and a r e  often not found until fai lures occur. 



Reduce Probability of System Failure 

Each circuit should be reviewed with a creative approach. 

Qucstion the design to  see  whether it can Ix simplified, repackaged, 

o r  even eliminated. This  can be' done on the component, circuit, or 

function (i. e.  diglt a1 and analog converter) levels. For example, 

power supply filter capacitors may be eliminated where they a r e  not 

needed and coi~versely they may be needed where they do not exist. 

Check any conlmon itern like the power supplies to as su re  that they 

will suppress transients and maintain regulation. Carefully examine 

all input and output circuits that will be driving other sub-systems. 

They must "fail safe" and must be designed against humanly induced 

failures. Eliminate, o r  design amins t  (such a s  redundancy), fai lure 

modes that will cause chain-reaction types of failures. Assure 

c:ompatit)ility among circuits. 

The abvtb are just a few itenls which reduce the probability of 

svstcln failurcl. These should be done a s  early a s  possible s o  that the 

c.hanges can tw. mad(> wlth the mininlunl cost involved. 

I tcnis  120u~ld - . I3uring.A - - - Circuit D e s ~ n  --- Review 

The l o l l o w l ~ ~ g  ,ulalyzes a list of itelns found during two design 

c o w  i s  I'llc f i rs t  rcvieal period i s  during the pre-release o r  

early design phast.. Some itcms that were found during this  brief re- 

view are listcXti twlow in their o r d t ~ r  of occurrence. 

.- Overstressed Components - This usually occurred because 

good derating practices were not followed. The correction for  

this proble 111 resulted in specifying a higher-rated component. 

- I txuts  -- and Outputs That Were Not Compatible With Intended 
Conlpatible - . -. Circuitry - - The correction for this problem 

would itlclude rn inor design changes, a change in  specifications, 

o r  re-defined loads. 



High-Cunlponent Tempera tures  - During the ear ly  review, 

thernlal  analysis data is usually not available. However, by 

knowing the power dissipation, the hot-spot temperature may 

be approximated. The correct ions for  this problem resulted 

in specifying heat s i l k s  o r  different components. 

a Coml~lex Circui ts  to  Per form the Function - The correct ion may 

be a newly d e s i q e d  circuit  with fewer  con~ponents  o r  the s a m e  

circui t  with the unnecessary components removed. 

Some i tems found af te r  the initial c i rcui t  was released a r e  l is ted 

M o w .  These i tems  a r e  more  difficult to find and require  a thorough review. 

Exceeded Ratings - This  i tem i s  found during the worst-case 

analysis. .It i s  usually the resul t  of exceeding the recommended 

derat ings and may be corrected by specifying a higher rating. 

a -- Semiconductor Junction Tempera tures  - This  iten1 is found 

from a combination of the circui t  analysis  and the heat t r ans fe r  

conditions. The condition may be due to t ransient  conditions, 

packaging, unexpected loading, etc. 

a Non-( 'Fail  Safe" -- Components -- This  i tem i s  of par t icular  

importance in redundant designs. If it was found that a 

component failure would fail  the redundant circuit ,  the 

s implest  correction would be t o  choose the component type 

that would have a very slight, if any, chance of failing the 

circuit .  F o r  example, if  a shorted r e s i s to r  would fail the 

circuit ,  choose a r e s i s to r  type which, when failed, has  a 

history of failing open. 



-- Poor Packaging Methods - Correcting i tems  in th i s  category - 
would reduce the number of connections, avoid c ross ing  high 

cur ren t  l ines,  and decrease  the chance for  mater ial  "out-gassing" 

which could harm the components. 

Systenn -- Interface - ---- Problems - This  type of problem i s  usually not 

discovered until the breadboard model has  been built. Until that 

tinic, the review should concentrate on the systern's input and 

output c ircui ts .  For  example, output c i rcu i t s  were prone t o  

human induced failures.  A chanb.e was recommended, but 

refused since the customer wanted the original c i rcui t  for  dr ive 

capabilities. Therefore,  another recommendation was made to  

inform al l  testing personnel of the problem. This  aided in r e -  

ducing hutnanly induced failures during testing and avoided r e -  

work of the sub-assemblies.  

Conclusions 

It has  been found f rom past design reviews that most c i rcu i t s  

reviewed were  designed satisfactorily.  It i s  the remaining few that 

cause trouble and must be found before any systenls  is "go". 

The circul ts  least  likely to  be troublesome a r e  the circui ts ,  

o r  s i r~ i i l a r  types, that have been designed before and have proven 

thenlsc>lves. Conversely, the designs that a r e  the most troublesome 

a r e  the conipletely new designs, the complex designs, and the d e s i m s  

in which new components a r e  introduced (i. e . ,  g lass  delay l ines ,  FETS, 

etc. ). If the rc>viewer will concentrate on the la t te r  case ,  many e r r o r s  

and possible trouble a r e a s  will be eliminated at the beginning. 

The review should be accomplished independent of the design 

group t o  provide a truly unbiased opinion. 
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