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20. ABSTRACT 1

E\Ahis report covers an engineering study to determine the optimum

DC power controller configuration for ISEM-2A modules. The study

indicates that two 10 amp. or four 5 amp. controllers can be mounted

A
on one ISEM-2A frame, and that each 10 amp. unit will have a
predicted reliability of nearly one million hours before failure.
Mounting of DC controllers using existing technology is discussed,
and thermal performance of various frame material is tabulated and
evaluations made. Finally, methods of circuit simplification using
F recently developed components, LSI and advanced packaging techniques
which reduce cost, increase reliability and improve manufacturability
are described.
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SUMMARY

This report covers an engineering study to determine the optimum
configuration of previously developed electrical designs of 28

volt DC power controllers into the physical and thermal constraints
of modular avionicsApackaging (MAP) concepts. The study indicates
that two 10 amp. or four 5 amp. controllers can be mounted on one
ISEM-22 frame by using advanced packaging concepts and recently
developed components. Furthermore, the reliability prediction for
10 amp. units indicates one million hours before failure by using
these technigues. One 10 amp. DC controller using existing hybrids
mounted on an ISEM~2A frame is described. Thermal performance of
various frame materials is tabulated and evaluations made. Also
described are methods of circuit simplificaticn using recently

developed components and advanced packaging techniques.
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INTRODUCTION

This study was conducted as a preliminary investigation to
determire the feasibility of paékaging solid state DC
controllers on ISEM-2A boards. The intial apprcach was to
package the existing controller design, which consists of three
hybrid boards, making only minor orientation changes. This
design allowed only one controller per ISEM~-2A frame.

Advanced concepts for packaging were developed to increase
board populations and to improve manufacturability. Different
frame and circuit board materials were evaluated for both
packaging schemes from the standpoint of thermal dissipation,

structural integrity, manufacturability, weight and cost.

The basic module material combinations investigated were:
1. Alumina on Aluminum
2. BeO on "
3. Alumina on Copper
4. BeO on "
5. Alumina on Copper Clad Aluminum

6. Porcelain on Copper Clad Steel

Alumina on Aluminum (consisting of Alumina substrates, soldered
to aluminum frames) was the combination selected for the
optimum module design, because of its good heat dissipation,

low weight and economy of fabrication.
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PACKAGING EXISTING TECHNOLOGY

Configuration

The existing solid state DC controller is comprised of

three nybrid circuit boards arranged in a "stack" with a
hermetic seal over the entire module, as shown in Figure 2-0.
To enable packaging of the controller onto an ISEM-2A frame,
the circuits were arbitrarily re-configured on an equal ci-cuit
area basis to accommodate interconnection in a single plan -
(as opposed to the vertical stack geometry). The three
circuits (Power Switch, Logic/Input/Regqulator & Sense Amp/
Detector) were positioned and oriented to achieve good thermal
performance by locating the power switch (the predominant
source of heat) in close proximity to the heat dissipating

rib and orienting the power switch so that the four power

transistors have their own individual parallel thermal paths

by which they conduct their heat to the thermal sink. Conduc-

tion was considered the only allowable mode by which heat

could be removed from the components.

The input circuit is isolated from the logic circuit by means
of three opto-couplers, which are quite bulky in size. Due

to the excessive height of the DIP, which houses the opto-
coupler, a hole must be punched in the frame and the opto-
coupler must be mounted inverted in this hole, on a .030 in.
slab of Alumina (see Fig. 2-1 and 2-2). This problem con-
strained the placement of controllers on each side of a "T"
frame. Although there appears to be sufficient room to

accommodate two sets of opto-couplers, the cut-outs required

-2-




T"NADC-79(094-50

THWVYL wlLa NO ADOTONHDHL ONILSIXH ONIINAOW *T-Z d¥n9Id

,
1
X
.
RN . ‘-
i o ,
=.__ ) . . . .
oy H . . !
]
:

: N “

o o i _,_ RN IR o | ;,h. m
L 4 m il I S.,_z | S
N S, ; e, |t . lyed
_ O e O | cowm |, |

“ Wimoy w,.g [ ._:..; i1 .,n $? S . ,
o I _ FH 01 By s RN .;_ o |k
eyt a %tjfi ,uwlhlt . :

: Co ! i . :

' N 1l '

: i ; | - w_ i ' ....
IR EEE] HINEOY EE TP
._,.:-.._ ERERFRRERRY! Iy .,_.4____.. 1 13 B

s

-3-




{
J
:
4

NADC-79094-50

~= 20—~

|
L 71

i
< lq'
e '2[
S, to2
~f] ! - I
<{}jt & o
R
12
Py
]
.C3F—--—w‘l~‘§
/}
- P
4

-

FIGURE 2-2, DETAIL OF OPTO - COUPLER
MOUNTING ON "T"™ FRAME.

yor

e ——




adi

NADC-79094-60

would compromise the structural integrity of the module.
Even mounting one set of opto-couplers required 2 separate
hole locations for this same reason. This limited the

population to one controller per ISEM-2A.

Because the control circuitry (Logic/Input/Regulator/Sense
Amp/Detector/Cpto-Couplers) is the same regardless of the
rating nf the power switch, only one controller per module

is possible. Therefore, there is no advantage to employing

a "T" frame because only one side of the frame can be utilized.
For this reason, the same circuit was re-configured on a
one-sided offset frame. (Ref. NESC Dwg. No. 0102-710). This
removed the necessity to punch a hole in the frame to accommo-
date opto-coupler mounting and allowed the three opto-couplers
to be mounted in-line. (See Fig. 2-3). Due to the constraint
of packaging only one controller per module, and the fact

that the power supply occupies a very small area, integral
power supplies for each controller were adopted over a common

power supply approach for reliability reasons.

All three hybrid circuit boards contain active components
and, therefore, are hermetically sealed with drawn aluminum

covers which are soldered to the finished assemblies.

The individual hybrid circuits are then soldered to the metal
frame with a low melting point (5:140°C) Indium solder. At
the same time, the external electrical connections are made
by fluxless reflow soldering the required pins directly to the

appropriate pads on the bottom edge of the hybrid substrate.

a4 ”"“I-’m’ F"w-lm. e g D v sty | e e =

4
Yy
¥

.‘T::rw..nﬁf’*gsg“




NADC-790594-60

RRRE L E R eSS !ﬂsL

*HWVYd LAS-440 NO ADOTONHIIL ONILNAOW °*g£-2 i4NYHId

T T — AT

pe——y

—————

o

et _ _ ?? : e _
s Sk TR PETUORETY [N T B VYT RCR
o _ .;.._:: ISR ST
L . R
r L A | ' ! :
T iy T R 4__&___: L O R
T o] o . [~ HET

o s LARR ARA x:m:
“ .c..._»_ . P&;::C—

. :*)m :-.....—‘._ 3 a0

. |
o

v._..,M‘,qL .rv_ ﬁ— .. Eua:_\ Jéi_ﬁ JﬂﬁD_ rmmuu. _ n_u.:c.. oLt W mN ” ”4 . “ . .u,. :
st || g S i o | [
' { ! N

_ . /..#!.«tﬁ.— L
iind . . .

. R Py - 3
e T L TR (SR | |
“_w.rm -:, b r.&. .L TL;;. .:.* thi FTL._ ._.:Lr.r.:w

-




NADC-79094-60

Multiple pins are used for circuits through which there are

high current flows (PCWER IN & OUT, POWER GROUND) for increased

reliability.

Thermal Design

Eight frame designs were evaluated fecr their relative thermal
dissipation characteristics. Each frame/circuit substrate
configuration was evaluated for its ability to transfer heat
from the four power transistors used in the 10 amp controller.
It is assumed that conduction is the only mode available to
transfer heat from the circuit. The thermal performance,
therefore, is merely the comparison of the thermal resistance
through a path which begins at the device/substrate interface
and terminates at the module frame/heat sink interface. The
heat dissipated by the transistors, first flows perpendicularly
through the electrically insulating substrate, through the
bonding material into the thermally conducting frame, then
along the frame to the rib which is in contact with the heat
sink in the rack structure. The perpendicular thermal resistance

is calculated as three resistances in series as follows:

th + th + R,t

- - 1 2 3-3
P A -
where:
ep = perpendicular thermal resistance (°C/W)
R = thermal resistivity (oc—in/W)
= thickness of material (in.)
A = effective cross sectional area of thermal path (inz)

subscripts l,2,3,...denpte materials in flow

sequence.

P
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The longitudinal thermal resistance, along the module frame,

is calculated by summing the three parallel resistance paths

of the substrate, bonding material, if any, and frame, as

follows:
°. = 1
1 1 1
R.L/_ + R,L/_. + R,L/
1 a; 2 a, 2 a,
where: e, = longitudinal thermal resistance (OC/W)
R = thermal resistivity (°C-in/W)
L = length of thermal path
a = cross sectional area of thermal path (inz)
a = +tXW
= thickness of material (in)
1) = width of thermal path (in)

The thermal performance predicted by this analysis is conser-
vative in that heat spreading along the thermal path was

neglected.

Tables 2-1 and 2-2 show the material configurations of the

eight module designs and the values used in the calculations,

as well as the results. The total resistance of the thermal
path is the sum of the perpendicular and longitudinal resist-
ances. The value of the total thermal resistance is the temper-
ature gradient (A T) that will exist between the thermal scurce
and the thermal sink per watt to be dissipated. The thermal
sink temperature is assumed to equal the outlet air temperature

of 70°C which would be the highest temperature of any thermal

k. 4
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sink in the rack.1 The predicted device temperature is

calculated as follows:

TD = AT + Tsink + ecq
AT ®mpord
where: TD = device temperature (°c)
©mor = ep + e total thermal path resistance
(°c/w)
e, = Rib/sink interface contact resistance
(®°c/w)y = 2 °cmw
q = power dissipation (Watts) = 15W
Tsink = temperature of thermal sink (°c) = 70%

Module designs A,B,C consist of Alumina or BeO substrates

soldered to aluminum frames. Module designs D,E,F,G consist -
of porcelain on copper clad steel frames. (Module design H
consists of alumina substrate soldered to a solid copper

frame).

The last item of importance listed in the table, is the module
weight per square inch of frame area. This figure includes
the substrate, bonding material, if any, and frame weight.

The component weights are not included, since they are common

to all designs.

A frame thickness of .050 in. is desirable to minimize the

1 Ref. - JTIDS Partitioning Study, (final report) Data Item
A002 Prepared for NADC by Singer-Kearfott Div.
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required machining operations as this is the guide rib
thickness. Aluminum frames, whether standard "T" or off-set
configuration, can be made from an extrusion. The cost of
extruded material is the amortized cost of the extrusion die,
plus the cost of the aluminum, on a weight basis, which is
constant, regafdless of the intricacy of the extruded part. b
The off-set frame design would require a stamping operation

to form the guide ribs into the préﬁer location. Both designs
would require machining the extractor holes and related

clearances, in the top rib for the extractor tool.

Porcelain on steel boards, which are considered to be low cost
substrate/frame assemblies, cannot be extruded into intricate
shapes and, therefore, rely on more expensive machining opera-
tions. The top rib can be formed in a bending operation for
the offset frame design. However, for the standard "T" frame
design, a separate piece must be fabricated and attached to
the steel frame. These additional fabrication costs may be
offset by the savings realized by omitting the substrate to
frame assembly step which is required with aluminum frame.

Due to the pocor thermal performance of standard porcelain on
steel, porcelain on copper clad steel was pursued as an
improved structure. This, however, will increase the cost of

the frame.

There are two schemes by which the DC controller could be

attached to the porcelain on copper clad steel frame:
1) The existing hybrid circuitry could be fabricated using the

-12-
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porcelain as a substrate. (Design D & F). All necessary
interccnnection of the various circuits could then be accom-
plished by thick film conductors. This method of interccnnec-
tion nas the potential of reducing production costs. However,

this is an immature technology.

2) The circuits could be fabricated on alumina and/or
beryllia oxide substrates. The porcelain would be removed
from the appropriate areas on the frame and the copper metal-
lized bottoms of the substrates would be soldered to the
copper clad steel directly. Frame Design (E) uses this con-
struction and attained the best~the£mal performance of any of
the steel frames investigated. The interconnection could then
be by thick film conductors which had been previously fired
onto the porcelain surface. The hybrid circuits would then
be bridged to the interco nection network by reflow soldering
the tabs at the same time the substrate is soldered to the

frame.

Only one of the porcelain designs (G) is marginally acceptable
from a thermal standpoint and this design requires cladding
the steel with 10 mils of copper on each side of a 50 mil
steel core. This frame weighs more than twice as much as an
alumina/aluminum frame of equivalent thermal performance (C).
For these reasons, porcelain on steel has been eliminated from

consideration. The modified porcelain on steel design (E)

-13-
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perforrmed well thermally but coét and weight are prohibitive.
Although the copper frame (H) is the best thermal performer,
it is as heavy as the previously mentioned frame design (G).
The copper frame could be thinner and, therefore, lighter and
still have adequate thermal performance but would be structur-
ally inadequate. The copper frame would also cost almost 4.5
times that of the aluminum. Frame (B) is of equivalent
thermal performance of frame design (G). This is accomplished
by substituting beryllia oxide (BeO) for the alumina substrate.
Beryllia oxide is expensive and special precautions must be
observed when machining it, and_is,'therefore, undesirable.
Frame design (A), which uses an alumina substrate, adequately
satisfies the thermal requirements and is almost half the
weight of the copper frame design (H) or steel frame design

(E) or (G).

For any given configuration, for a conductive heat exchanger,
aluminum can conduct a unit of heat with the least amount of
mass. Consider the three candidate materials: aluminum,

copper and steel. Now, consider a segment of the frame which is

one inch wide and one inch long of thickness. Heat is to be
conducted along the length of the frame segment from source to
sink. (See Fig. 2-4). For a gradient of 10°C and a thickness
of 0.1 in a segment made of aluminum can transfer 4.35 watts
of heat, as shown in Table 2-3. Under the same conditions, a
segment of copper would only have to be 0.048 in. thk. and a

segment of steel would have to be .370 in. thick to transfer

-14-
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the same quantity of heat. The weight of the secments are the

products of the material volumes (W x L xt) and densities (p)
which are .0098 1lb for aluminum, .0155 1lb. for copper and
0.105 1b. for steel. Therefore, a steel heat exchanger would
have tc weigh more than ten times that of a aluminum heat
exchanger of equal thermal capacity. A copper heat exchanger
would weigh 58% more than an aluminum one, however, the frame
would be less than half the thickﬁéss which would be an
important advantage if additional circuit height was needed.
Therefore, in avionics modules requiring hiéh rates of heat

dissipation, aluminum is the most desirable material.

Table 2-3 also relates the relative costs of the three

frame materials. The effective cost is the product of the
material weight of the frame segment and the cost per pound.
This provides a relative ranking of the cost of the material

per unit of heat it can transfer. Aluminum, as well as

being the most weight effective, is also the most cost effect-

ive. A copper heat exchanger of equal conductive capacity
would cost more than twice as much and an equivalent steel

heat exchanger would cost more than three times as much.

-17=-
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ADVANCED PACKAGING CONCEPTS

Electrical Design Considerations

Recent developments in the power FET art, have brought
forth a new line of devices, with many favorable character-
istics, especially suited for power switches. Among these

desirable features are:

0 low driving power.
o0 low saturation resistance.
o high input impedence.

o better adaptation to paralleling.

A device with particularly favorable characteristics for

power switching is shown in Appendix A.

Since the power MOSFET is responsive to voltage at very

low gate current, low gquiescent power drain can be achieved
without the need for regenerative drive to provide overload
output capability. Hence, the driving circuitry of the
existing controller design, shown in Figure 3-1, can be con-
siderably simplified. Referring to Figure 3-1, driver
transistors 08, 010, 0l2 and Q14 will not be needed with
MOSFET devices, and regenerative amplifier transistors

03 and 05 will also be eliminated. The amplifier hybrid,
shown in Figure 3-2, will also be affected by the elimination

of IC U5/C and U6/D.

The high input impedance of the MOSFET can be used to good

advantage in the simplification of circuitry required for

kfﬁtuanwaﬁnmxw‘,wﬁ,q
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output voltage shaping. Simple RC networks can then be used
at the gates of the MCSFET devices to provide the desired
output rise and fall timing. This circuit simplification will
result in the elimination of one operational amplifier, US/A,
and associated resistors in the amplifier hybrid, shown in
Figure 3-2, and transistors Q17 and Q18, with associated

resistors in the logic hybrid, shown in Figure 3-3.

A schematic diagram of the proposed output switching circuit
using two type IRF-150 MOSFET's, is shown in Figure 3-4.
Because of the low saturation resistance and high power
handling capability of these devices, only two units are used
in parallel. The 15 volt, low current power supply is needed
to furnish a high positive rate to drain voltage for MOSFET's
Q103 and Q104 at 1000% output overload. Transistor Q101

can be driven directly from the logic circuitry U2/D, shown
in Figure 3-3. Output voltage shaping is provided by the

RC network composed of R108, R109 and Cl01l.

The net result of the preceeding design simplifications
is the eliminaticn of the following parts:

Transistors - 10

Diodes - 2

Resistors - 27

These advanced design concepts will form a basis for the

packaging techniques which follow.
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Advanced Configuration

The one advantage of packaging the existing technology is

that it could be implemented in the near term. The dis-
advantages are numerous. A good deal of room on the module

is wasted. Because the circuits are segregated onto three
separate substrates, a fair fraction of the module area is
dedicated to interconnection pads. The three DIP opto-couplers

also consume excessive space on the module. In the three

‘substrate design, the large area of exposed aluminum creates

a potential for short circuits to occur. Therefore, all
interconnections between the three substrates must be made

with insulated wires which then have to be potted to prevent
accidental breakage of the wires. The task of reflow solder-
ing the controller toc the aluminum frame is also more diffi-
cult, since three separate substrates must be attached at

once. Due to the numerous active components which are
distributed throughout the three circuit boards, each substrate
must be hermetically sealed with a drawn aluminum cap. These
separate active devices also impose manufacturing problems,

in that they are difficult to repair.

In order to improve circuit packing density and manufactur-
ability, advanced packaging concepts were pursued. The control
circuitry comprises a large fraction of the controller and is
common to all power ratings. Therefore, compacting the control
segment is important to achieve higher population density.

The circuits can be redesigned, as described in Section 3.1

-24-
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above, to eliminate some of the components. Also, individual
active components, which are distributed throughout the
circuit can be combined into an LSI configuration which will
greatly reduce circuit area. The logic and the sense
amp/detector circuits, can be put on two 175 mil square chips

which would then be mounted in a 24 pin leadless chip carrier.

r

(Fig. 3-5). The four power transistors can be replaced with
two power FET's of approximately 250 mils square, which would
be mounted in two, 32 pin leadless chip carriers. Although
the power switch does not occupy excessive room on the
existing controller, the chip carrier packaging approach

increases manufacturability and repairability.

The opto-coupler portion of the controller had limited the
placement of controllers on each side of an ISEM-2A, due to
excessive height of the DIP packaging. It is proposed to
construct custom opto-couplers inside of an oblong three
compartment leadless chip carrier. This would allow two-sided
modules, by virtue of the reduced component height. The
remaining portion of the controller would be fabricated in
hybrid fashion, directly on the same substrate that the
leadless chip carriers would be attached to. The voltage
regulator and the FET driver stage would be contained under 4

one hermetically sealed cap and the input circuit under another.

This packaging method would increase manufacturing yield by
allowing the active components to be tested in advance, in

their respective chip carriers, before attaching them to the

AN s 4 At o -

substrate and would also allow easy repair.

-25-
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Each controller would have its own substrate. This approach

increases yield in manufacturing when compared to multiple

controllers occupying a single substrate. All connections

to the pin connector are performed at the same time as the

substrate is reflow soldered to the frame.

To ensure a voidless solder joint over such a large area

(half the frame area) the solder bonding should be carried

out as follows:

1.

Both copper metallized substrate bottom and
appropriate frame area should ke solder tinned
with approximately 3 mils of solder, each
surface. All flux shall then be removed from
both surfaces.

Assembly should be fixtured to prevent sub-
strate from moving laterally with respect

to the frame. |

Place entire assembly on top of a heat source
inside of a Bell jar.

Evacuate Bell jar to £ 1 torr. absolute pressure.
Heat assembly to a temperature which exceeds
its melting point by approximately 25%.
Maintain heat and break vacuum while solder is
in liquid state. Any void in solder joint will

collapse yielding a perfect thermal interface.

The overheating is to allow for cool down of the solder by the
influx of cool air when the vacuum is released. It is des-
irable to maintain the solder in a liquid state until atmos-

pheric pressure is attained in the chamber to prevent the

-27-
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formation cof vacuum voids in the solder.

Thermal Performance

The thermal performance of the advanced packaging design

is not as good as the basic design discussed earlier.

This is due to two factors. First, the power FET's have a
higher power density (i e. W/inz) which reduces the width
of the thermal path. Second, and not as influential, there
is an additional thermal impedance in the thermal circuit, |
that of the chip carrier base. The analysis is even more
conservative for these designs (S to 2Z) than in designs

(A to H) because the aspect ratio of the longitudinal path
width to length was 1:1 for the former and 2:1 for the latter.
The actual heat flow diverges as it proceeds toward the thermal
sink. Figure 3-6 depicts a prediction of what the actual heat
flow would look like. In addition, use of beryllia oxide chip
carriers would also tend to increase the initial spreading

of the heat which would, in turn, increase the longitudinal
thermal path width. A 3 dimensional multi-mode thermal
analysis is required to model this system accurately, but is

beyond the scope of this study.

This analysis, however, presents an accurate relative ranking
of the various frame/substrate designs. The materials configur-

ation compared in Tables 3-1 and 3-2, are shown in Figure 3-7.

Design (W) consisting of a BeO chip carrier and substrate,

@
i
v

o

soldered to a copper frame achieved the best thermal perform-

ERERVS

ance with a predicted maximum device temperature of 129°c.

The next best performer was design (V) which substitutes an

-28-
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aluminum frame for the copper one of design (W). The peak
device temperature of 146°¢ is‘13% higher than the copper
frame, however, it weighs half the arount. Design (Z),

a (70 mil) steel core frame with 10 mils of copper clad

to each side with direct solder bonding of the BeO chip
carrier onto the copper surface, achieved a predicted

peak device temperature of 173%. Design S, which consists
of BeO carrier and alumina substrate soldered to a copper clad
aluminum core, ran the device 5°C hotter than Design (Z) but
weighed less than half. Design (U), a similar version to (S),
without the clad copper, had a device temperature of 181°C,
only 3°¢ higher. The 1.7% gain in'thermal performance is

hardly worth the additional cost of the clad copper.

Alumina is the best choice for substrate material, due to
economy and ease of fabrication. Substrates made of beryllia
oxide are even more cost prohibitive now that the entire
circuit is contained on a single substrate. Providing a
gseparate substrate for the power stage would require expensive
hand interconnection. The only acceptable porcelain on steel

design (Z), is much too heavy.

Aluminum is probably, again, the best frame candidate for the
advanced packaging design. A more accurate analysis will
probably yield an improvement from 25% to 50% in thermal
performance. This will make design (Uf a viable thermal

performer at very low weight.

e s o
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Pating Pooulations

The low profile of the chip carriers allows the controllers
to be mourted or both sides of a center frame. Two 5a, 2a,
or 1/2A contrcllers, perside, can be placed on each frame

by staagering tke uositions cf the power FET's on an opposing

side of the frame. (See Fig. 3-8). NOTE: Only one power FET is

required for Sa, 2a and 1/2a controllers. The 1l0a controller
is constrained bty thermal considerations from being mounted
back-to-back on the same frame. Table 3-3 lists the results
of two l0a controllers mcunted back-to-back on module designs
S to Z. Each controller is assumed to use only 1/2 the frame
thickness to conduct the heat to the rib. Design V and W
might be capable of handling the increased heat locad but the
cost gain achieved by doubling the population would have to
be compared to the cost penalty of using BeO substrates in
design (V) and both BeO substrates and a copper frame in
design (W) which also weighs twice as much as the aluminum
frame designs. Also, effects on reliability, due to higher

operating temperatures, would have to be determined.

Reliability

To calculate the predicted reliability of a 10 amp DC
controller packaged on an ISEM-2A module, use will be made of
the Reliability Prediction for the DC controller found in
Appendix B. The analysis presented in that report is based
upon failure rates given in MIL-HDBK-217B. This document has
been superseded by MIL-HDBK-217C which, among other things,

has reduced the failure rate of diodes by 70% and transistors
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by 40%. These factors will be used in computations of the
predicted reliability of a controller using advanced

packaging concepts for a 10 amp ISEM-2A module.

The calculated reliability of the ISEM=-2A controller is

made by factoring failure rates, determined in Appendix B,
in accordance with elimination of parts and changes in part
failure rates as mentioned previously. Referring to Takle C
of Appendix B, the total IC failyre rate can be reduced from
.5212 to .3619 f/lO6 hrs. by combining the 6 IC's into two
MSI chip carriers. The transistor failure rate can be
reduced from 0.3681 to 0.1105 f/lO6 hrs. because of parts
reduction and lower part failure iate prescribed by MIL-HDBK-
217C. The same reasons apply to diodes where the failuré rate 1is
reduced from 0.0582 to 0.0136. Adding these failure rates to
the rates for opto-couplers and capacitors, results in

- 6
ENCZC TTG = 0.6348 £/10° hrs.

Referring to page 3 of Appendix B, the reduction in number

of screened resistors results in -

- 6
(NyAp + €N A + A TT, TT, = 0.2478 £/10° hrs.

Combining the above failure rates and applying factors
ISEM-2A Ap = (0.6348 + 0.2478) x 1.16 =

1.0238 £/10° hrs.

ISEM-2A MTBF = 1 = 977,000 hours/failure
Ap
!
:
i
P
-37- ‘




NADC-79094-60

By comparison, using the new failure rates for semiconductors
which are prescribed by MIL-HDBK-217C, and which were used

in the above MTBF calculation, the reliability of the present
10A. DC controller developed under Contract No. N62269-77-C-

0413 is calculated to be 740,000 hours per failure.
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CONCLUSIONS

The solid state DC controller which was developed under
Contract No. N62269-77-C-0413, can be packaged onto
ISEM-2A modules, using the existing technology. However,
only one controller per frame is possible and manufacture

would be relatively expensive.

With circuit simplification brought about by using power
FET devices and by employing LSI technology to compact
segments of the control circuit module, populations can

be increased four-fold. Using leadless chip carrier fabri-
cation techniques will improve manufacturability and
repairability markedly, as well as reducing cost. A con-
gservative thermal analysis was used to rank the various
frame designs. A design comprised of alumina substrate
soldered to an extruded aluminum frame is the best design
choice, due to its adequate thermal performance, coupled

with its low weight and cost and ease of manufacturing.

By using advanced packaging concepts and circuit simplifi-
cations as described in Section 3, the reliability of a
10A DC controller on an ISEM-2A frame will be increased by

a factor of 32% as compared to the present DC controller.

The following populations of the four DC controller ratings

can be mounted on ISEM-2A single-sided "L" frames and

double-sided "T" frames:

;
:
4
3
3
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ISEM=-2A ISEM=-2A
Controller Rating "L" Frame "T" Frame
10 Amp. 2 -
5 Amp. 2 4
2 Amp. 2 4
1/2 Amp. 2 4

All of these configurations of DC power controllers, which

meet the electrical requirements of specification NADC-30-

TS-7602, dated 27 April 1976, are considered to be within

the physical and thermal constraints of modular avionics

packaging (MAP) concepts.

-40~-
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APPENDIX A

Data Sheet for High Power MOSFET Type
IRF-150, Manufactured by International

Rectifier.
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very low on-state resistaace comeined with high transconductance Ease Of Para”e“ng .
and great device ruggedness. ® No Second Breakdown .
B Exceliz mperatur ili
The HEXFET transistcrs also featue all of the well established celient Te Pe ature Stablhty
advantages of MO3FETs such as voltage control. freedom from PN T
second breakdown. very ‘ast switcring. ease of paratleling, and FF‘CD JoT SUE"’“”ARY
temperature stabihty of the e:ectrica: parameters. PART
NUMBZR v R I
They are weil suited for apolications such as switching power —: oS Dfon) D
supplies, motor controls, inverters, choppers, audio ampiifiers, IRF1£0 100v 0.055% 28A
and high energy pulse circuits. IRF151 60V 0.055%2 28A
IRF1E2 100V 0.0852 24A
IRF1£3 60V 0.08Q2 24A
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| P iramutor | - wrigo | 1mFist \RE152 | VRF153 ' Units |
IVps  Oroo - Soures Vaireg | 100 60 ! 100 60 , V
y - ;
i VDGR Cran - Gate Vohlag: l"R\\/’ﬁ.).' ! 100 60 ! 100 60 A\
3 ‘
‘ o Cortinuous Orain Current ! 28 24 A
i 'om Pulsect Drain Currant i 70 60 | A
fvgs Garr - Source Voltage [ . =20 [ v
PD “Aux Povser Disaipation 150 (Se: Fig. 11) i w
Linear Derating Facter ; 1.2 (See Fig. 11) W/deg C |
m tnductive Current, Clamped {See Fig. 1 and 2) L = 100 uH A
70 60
Ty Operating and
Tstg Storage Temperature Range -55 to 150 oC
Lead Temperature | 300 (0.063 in. {1.6mm) from case for 10 sec) oC
Electrical Charactaristics @ Tg = 25°C (Urless Otherwise Specified)
Parameter FTvpe Min. | Typ. | Max. | Units | Conditions
BVpss Drain — Source Breakdown | IRF150 ! _
Voltage IRF152 | 190 : v Vgs =0
IRF151 | -
\RF1o3 | 60 | v |1p=10maA
VGs(tny  Gate Threshold Voltage ALL | 1. | 3 V | Vpg=Vgs Ip=1mA
Igss Gate — Body Leakage ALL 100 nk ! Vgs = 20V
Ipss Zero Gate 0.1 1.0 mA | Vpg = Max. Rating, V55 =0
Voltage Drain Current ALL .
0.2 4.0 mA Vps = Max. Rating, Vg =0, Ty = 125°C
.TD (on) On-State Drain Current IRF150 .
IRF151 | 28 A .
VDS =25V, Vgs = 10V
IRF152 2 A
\ IRF153
Rps Static Drain-Source IRF150 |
fon) On State Resistance IRF151 0.045 | 0.055 $ . _
"RF152 Vgs = 10V, Ip = 14A
IRF153 0.06 0.08 Q
Ofg Forward Transconductance ALL 6 10 S {15} LVDS =25V, Ip = 14A
C; Input Capacitance ALL 3000 | 4000 pF
iss ittt . — Vgg =0, Vpg = 25V, f = 1.0 MHz
Coss Qutput Capacitance ALL [ 19NQ 1500 pF | ]
-—— (See Fig. 10)
Crss Reverse Transter Capacitance ALL 350 500 pF \l
t4 (on) Turn-On Delay Time ALL 40 60 ns ‘ Ip = 14A, E7 = 0.5BVpss
t Rise Time ALL 150 200 ".E——q! (See FigS. 12 qnd 13) ) .
- i Tj=1259C (MOSFET Switching times
t4 (off)  Turn-Off Delay Time ALL 200 300 M, are essenuially independunt of operating
t Fall Time ALL 150 200 n: | temperature.}
Thermal Characteristics
Rosc Maximum Thermal ALL 0.83 deg C/W
Resistance Junction-to-Case
{ oo
: VARY 1 TQ OBTAIN i
REQUIRED PEAK " A
— E1°058Vpss
T out T v+ 0758vpss —_—
Vs ® 10V bty P £
PR \ '
'
Fig. 1 — Clamped Inductive Test Circuit Fig. 2 — Clamped Inductive Waveforms
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. APPENDIX B

RELIABILITY PREDICTION
FOR
POWER CONTROLLER - DC, LOAD SWITCHING
23 JUNE 1978

CONTRACT NO. N62269-77-C-0413
PREPARED FOR:

NAVAL AIR DIVELOPIZNT CENTER
WARMINSTER, PA. 18974

Prepared by: | _ . T
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RCA :
Government Ccmnunications Systems
Camden, N. J. 0810/2
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NADC-79094-60

P o . FOREWORD.

This Relizability Prediction 1s submlitted as required under
Contract 1:62256-77-C-C4%13. It is identified as Item AQ003
in the Contract Data Reguirements List (D 1423) and is
part of Ccntract Line Item 0003AA. The content and fcrmat
of this plan ccmply with the reguirements of Data Item
Description DI-R-2117 and Work Statement Paragrach 9.3.

P Y
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D.C. Controllar Ral**kil'tv Analys 15 and MTRZ® Prediction
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Program Zlan, 15 Octocker 1977.
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1. Desliegn Basis for Pre

A third M7TBF prediction has been performad for the D.C. Controller;
it updatzs the seceond MT3F prediction of 23 ffarch 1978. This
predicticon 1s based on the D.C. Controller design as of 15 June
1975. Co )

2. Rellabllity Model and Predicticn Me thod -

“The D.C. Controller 1is a microel=ctronles hybrid device. The new
hybrid failure rate prediction model and procedure of Notice 2 to
MIL-HCZ:H~2172, Ralizpility Prediction of Zlectronic V"u‘“"°nn,
Section 2.1.7, was employed. This prediction methcd reguires
identificzczticn ¢of individual electronic parts and substrates, and
individuzl elizctrical stress data for =sach part. Thermzl stress
1s caused by the nybrid package temperature and part power dis-
sipaticn. -
3. -Desizn Data Scources ST -

The fallure ratz (F.R.) and MTBF prediction is based on dzsizn
informacion uscating which has cccurred after 10 March 1978.

The identification of parts cam2 fron das:gn engineerins.

Parts stress dzta wers obtained from analysis c¢f the urdzated
eircult schemztic drawings, May 1978. Additional data on parts
and data on substrates were gotten from the circuit and hybrid
designers. Integrated circuit and discreest semiccenductor infor-~

mation was cttained from manufacturers’ handbooks. The substrate
areas were taken from the logic/amplifier and power deck (sub-
strates) drawings included in the second design review data
packag .

§. Prediction Analysis

4.1 Data Base

.

The following items summarize the datz base for the F.R. prediction:

- ' o S Quantity
- of Film
. ' - Dimensions Resistors
(1) Substrates: in Inches Np
-ka) Thick filn, Power L 1.40 x 0.80 16
(b) Thick film, Logic and ..
Amplifier (2 layers) 1.10 x 1.30 4y
. . 1 B-4 )
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NADC~79024-50
(2) Active, Capaciteor, and Packaged Parts or Chips:

There are 47 discretes as detziled in the Fallure Rate Sumnmary,
Table C. The dicdes and transistors are JAN or equivalent guality.

(3) Package:’

[
‘g

latform base and top hat soldesred 1id (brizht
nsulated connection 2ins extending througn the

stee
tin plated) with 1 A
neter 6.0 inches, height 0.75 inches.

base: perin

3

4) Operating Environment:
[+]

Airborne, Uninhabited

(5) Screening Class (Quality Level) for D.C. -Controller:
Class B (This 1s the expected screening level for quantity
production.)

(6) Hybrid Package Mounting Base Temperature: 25°C
This 1s the near-cenizsr temperaturs between the extremss

of the. operating range: -34°C to +120°C.
§.2 Prediciiosn ¥nAdsi a..d ‘f:az gculzcions (per MIL-HEDBX-2173,
Notice 2, Sescticn .7)

-

The hybrid failure-rate prediction math model 1is:

(failures/ln6 hr.)

Where:

INg ¢ 7g 1s the sum of the adjusted failure rates for the

active components and capacitors in the hybrid from

section 2.1.7.1. Nc 1s the number c¢f each particular
component

. .A¢c 1s the component failure rate

e . *; 1s the die correctlcn factcr Table

. 2.1.7-1
Np 2y is "thé number of (NR) and failure rate contribution
§)7og)t‘1e chip or substrate resistors(section
INg Ar 1s the sum of the fallure rate contributions of the
inter-ccnnscticns (A7) from section 2.1.7.3
Ag is the fallure rate cContridution of the hybrig
. package. (Table 2.1.7-4)

. TE 1s the Environmental Factor for the film resistors,
: " 4dnterconnectiors and Packazez from Tcble 2.1. 7-5

*Q is the quality factor from Table 2.1.7-%
--%p 1s the density factor frcm Table 2.1.7-7

L) 1s the circuit functior factor

= 1,0 for digital hybriis
= 1.25 for linear or lincar-digital conbinations
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Note: References to Table 2.1.7-X and section 2.1.7.Y are
from MIL-HDBX-2173. Tables A through #H are 1in this
report.

For the D.C. Controller hybrid:

:d = 1.0 From Table 2.1.7-6 {Procured to MIL-M-38510,
Appendix G and MIL-STD-833, Method SO0CY4, Class B)

T = 1.16 (from Table 2.1.7-7) using the Density calculated
as follows:
= No. of Intercornections , " = _
Density PR where Ag sub
strate area (sq. inches) ~
Each of two upper substratass: 1.1. in. x 1.3.in = 1.43 *-
lower substrate: .0.8. in. x 1.4. in. =1.12 =
L Total Ag = 2 x 1.43 + 1.12 = 3.98 1n.2 )
: - 166 interconn's _ 166 _ intérconnecticrs
. Density (3.95 + 1.0) 2 4.05 UO.6? e
- . in . -
e = 1.25 (ea. of the 3 substrate 1s a linear-digital
- combination)
{ = -
¥g = 3.0 (from Table 2.1.7-5)

.Ag = pkg. F.R. = .0339 f‘/lo6 hrs. {frecm Table 2.1.7-%4)

for Seal perimeter = 6.0 inches and T = pkg. temp. = 25°C

For the 10 ampere controller (using Tzbles A and B):

(g +INpA] + Ag)npmg =(.0060 + .0289 + .0339)(1.25)(3.0) = 2580,
For the 10 amp. controller: : g =
INGAgrg = 1.0962 £710% nrs. (from Table C)

Using the hybrid mcdel equaticn and substltuting the calculatad
F.R.'s and = factors:

10 amp. Hytrid xp=[1.o952 + 0.2580] x 1.0 x 1.16 = 1.5709 5‘/106 hrz.
10 amp. Hytrid MTBF = __1 - 1 ) = x
Hybrid ij 1.57 x 10-9% failures/hocur 1
. : Kl

635,000 hours/failure

For- the 5 ampere controller, two RCA 376)H transistors, two 26318,
and 2 substrate film resistors are not needed so that the cerres-
ponding failure rates are substracted from the 10 ampere coniroller
fajlure rate. The resulting failure rate is 1.4316 failures per

.10° hours. Thnis corre,ponds to an #TDF of 700,000 hours.
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e controllers an additiocn=21 RCA
d a resistor are not n2eded

ro ller). The resulting fallur
TS The MTBF 1s 735,000 hcours

For the 2 amper:2 and 172 amper
67654 transistor, 216313, an
(comparad to the 5 ampere _cons
1s 1.3613 failures per 10° nou

[}
"3
&
ct
{4

The MTBF's calculated 2bove include the effect on MT3F of the %Zwo
optocouplars used for trip and fault orting. Should either
of thes= two davices fall, the contro r will still perform its
major functions of load on—o’f switchi and tripping open upon
overload. If the two optocouplers are renmoved from the cal-
culations, the following slightly-improved MIBF's result.

et Y

rap
le
ng

10 ampere controller: 640,000 hours
5 amperes controller: 705,000 hours
2 or .1/2 arpere controller: 7:0,000 nours . .

4.3 MTAF Objective

The MT3T objective 1s 1.38 x 106 hours per fallure. It appears
that this obgect*v= s too high for the D.C. Controller, operating
in the severe airborne uninhabited envircnment, because it nh=zs
significanc ;unc ionzal capabllity and complex’ty with the conse-

‘.J-

quent hardware ccmplexity. Six IC's, 20 transistors, 9 diods
3 optobo¢ulers, 9 capacitors, and €0 res;stors ar° neaded to°
provids the sgecified functions. Even with the new hybori
prediction method of lNotice 2 to MIL-HDRX~217B, and the low
stresses seen ty the parts, the sum of D*edzctea fzilure ratces
of the parts Lro VTBEF

duzes an MNTBF about two-to-one lower than the
MTBF objective :

Y
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TABLE A

PR

Py

Hybrld Resistor ¥

ure Ra

60

2

Ao o i a

Elther cnip or sups:

(from 2.1.7.2 of MIL-KDBX-2173, Notlce

Ngr = no. of (chip or) substrate R's

Ap = F.R. of (chip or) substrate R's

from Table 2.1.7-2 where T 1s the

= = 6
.Anybrid R's = NRg = 60 x .00010 £/10

rat
2, 17 Mar. 1978)
60

.00010 £/108 nr (for T=s50°C)
hybrid pkg. temp.

hrs = .0060 r/io5 hrs.
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"~ TABLE B

:) 4 Hybrid Interconnecstion Fallure Rate Caleulation

Item
CQty. Np pepy  Wp

'Ea. IC chip btonding pad 78 ‘ 1 78 1

U7 8 bonding pads
Ul 14 bondinz pads
U2 14 bonding pads

U3 14 bonding pads )
U5 -14 bending pads . . y
U6 14 bonding pads

Total 78 bonding pads

Ea. Transistor . - 20 2 4o
Ea. Diode s 1 8
Ea. Capacitor ‘ _ - 9 2 18
Ea. External Lead - . 20 1 | 20
:) . Ea. Exterﬁal Diode . ' ' - _lA 2 _2

No of Interconnections = INy = 166

at 25°C package temp

Ap, = Ap, = .000174 £/108 hrs. (from Table 2.1.7-3)

hence: ;NI\I 166 x .000174 f/lOs hrs. = .0289 f/log hrs.

5
N
%
ks
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_ TABLE C
Active Parts and Caraicitcrs Tailure Rate Summary
(ENgAgmg = sum of agjusted A's for active com-
ponenés and capacitors)

6 IC's -°

20 Transisors

3 Optocouplers

 9 " Capacitors

thlCﬂG =

|
’
|
]

]
i
!
'
'

 ApTg

Reference

.5212 £/105 hrs. TABLE

.3681 "
.0582 " .
| .0234 ¢
' 1254 m

;.0963 "

TABLZ
TABLE

Q 4 m O

“PABLE
TABLE H

g
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TABLE D
3 . INTEGRATED CIRCUITS % FAILURS RATE CALCULATION (T4 = 25°C) r
3 CMOS Dilgltal IC's: )
| 'IL rp Gates 'I'J “fz ¢, C, N "t

CDL40703 1.0 1.0 4 30°C .155 .0033 .0064 2 6
CDL001B 1.0 1.0 4 30°C .155 .0033 . 0064 2 6
CDL4O11B 1.0 1.0 4  30°C .155 .0033 .0064 2 6
) - ' 6
CMOS IC: A, = L (Cimpy + Comp)mg f/;o hrs. L
< =1 x 2 (.0033 x .155 + .0064 x 6) x 1 '
= 2(.00051 + _.0384) x 1 - -
= .0778 £/105 hrs for ea. CMOS IC
3 Linear Bipolar IC's:
¥, Tp XSTRS T, Tr2 Cy C, QX "E
- CA 124 1.0 1.0 52 35°C .24 L0111 .023 2 6
CA 139 1.0 1.0 32 35°C .24 .0079 .017 2 6 -
IM 723 1.2 1.0 16 35°C .24 .o0L4s6 .012 2 6
j . Linear IC: Apa' -ﬂL‘n'Q(Cl’TTZ + C27TE) | _-
CA 124: Ap = 1x 2(.011 x .24 + .023 x 6) = .2813 £/10° hrs.
CA 139: Ap = 1 x 2(.0079 x .24 + .017 x 6) = .2078 £7166 nrs.
LM 123: Ap = 1 x 2(.0046 x .24 + .012 x 6) = .1462 £/15% hrs.
Ap for 6 IC's: .0778 r/1og hrs. -~
: . .0778 f/lO6 hrs.
) - : : .0778 £/10° nhrs.
RS .2813 :I/10° hrs.
) S . ' 2078 £/10°2 nrs.
7, - -1462 £/102 nrs.
- Ap = .8687 £/10° nrs.
' X .6 (=ng) adjustment factor for diles
Adjusted F.R. = wghp = .52122 £/10° hrs. .




NADC-79094-60

-
| TABLE E’
, Transistor Fallure Rate Calculation
4 L] TETQ T 8
= . =40 (A =.2(JA Y, T.= 25°C
¢ GRP Pol- TETHO(ALT, nQT- 2(TANTIVY, 722620
Part type (?H? I) I QTY A, arity S w3 mwg w5, 7¢ P(W) Vaozg
RCA 67€54%(TAa825Q) L ,0046 NPY <.1 .7 5.0 .48 1.0 175 80
2N5318 12T 4 ,0065 BNP <.1 .7 5.0 .48 1.0 90 80
2N6316 27 2 .00Ls ¥PN .11.5 5.0 .30 1.0 90 80
2N5339 o7 1 .0046 NPU .1 .7 2.0 .36 1.0 6.0 100
. eN3019 - . .- 2 ..0046 NPN .1.18.7 1.5 .30, 1.0 >1to5 80
181.5 ’
2N5550 MOT 4 .0046 NPN .1 32 .7 - :
.0075 .4 181.51.0 .30 1.0 1.0 140
2N2484 2 .0046 NPN 1 18.7 1.5 .30 1.0 1.2 60
1681.5
2N3251 | 1 .0065 PNP .1 .7 1.5 .30 1.0 1.2 4o
. A "y YR TS2  TETQTC NAp7smRTs2
- (4) TA 8660 WA, = T x .GOTE x

N ;
b= ¥ 7 x50 x %8 x_B:?—_— = 6.72 x .0111=.07-3::Z

(4) 2N6318 4 x .0065 x .7 x 5.0 x .48
(2) 2N6315 2 x .0046 x 1.5 x5.0 x .30 ’ .0207¢2
1

2N5339 x .0046 x .7 x 2.0 x .36 .002313

gi; ggggéz’ 2 x .0046 x .7Tx 1.5 x .30

(1) 2N3G19,

= 2.2 x .00414=.0091c¢E

(1) 2n2484 2 x .0046 x1.5 x 1.5 x .30
2N5550 1 x .0075 x1.5 x 1.0 x .30 , : 2003375
2N3251 . 1 x .0065 x .7 x 1.5 x .30 ) .0020%3
(3) 2N5550° 3 x .0046 x .7 x 1.6 x .30 ¢ ' .002853

" Ap for 20 XSTRS = INgA_, = .3203 £/105 ars. = 3 X .115C33

pi
1@'3" .9203'x .4 = .3681 f/lo6 hrs. = adjusted F.R.

PO N Y
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) 4 Diode Fallure Rate Calculation
, . Te = 25°C
'G = 2 A1l JAN TX.V, T = .5, TTE=~1:§, n-C:l
Ap = Mp(wzmamgmargons)
m . Grouop IV Ratincs_
Part No. Type Qty _S_ RN T TS, TpmqTe  L(A)  (51V)
1IN 4148 SwW'G 3 .1 .0009 0.6 1.0 0.7 20 .2 100
1IN 4148 SW'G 1 .1 .0009 1.0 1.6 0.7 20 .2 100
1N 4002 Sw'G 1 .1 .0009 0.6 1.0 0.7 . 20 _1.0 120
Group V ‘p = Ab("E“AﬂQ)

Part No. Type Qty. S i, my - mpmg | P (W)
IN 747 Zener 1 .1 .0031 1.0 20 AU
M2243B1¢ Zener 1 .1 .0031 1.0 20 )
AN3040B Zener 2 .1 .0031 1.0 20 1.0'

J

N,

N % ™™ TR Ts2 TE"Q "¢ Mipmamztso

(3) 1N4148, (1) 1N4002 4 .0009 0.6 1.0 0.7 20 1.0 .001512

(1) 1N4148 1 .0009 1.0 1.0 0.7 20 1.0 .000632

-(1).1N7#7 . 1 .0031 1.0 . 20 e .0124¢2

.. (1) Mz43B1s -1 .0031 1.0 _ 20 -014542
(2) 1N3040B | 2 .0031 1.0 20

Ap for 9 Diodes = INjAj; = .2908 = 20 x .014542 £/10% nrs.

pi

Ad). F.R. = Apng{diodes) = .29084 x .2 = .058168 = .0582 f'/lO6 hrs.

’ |
]
.
R D

P -y i i
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TABLE G B .

D ’ Optocoupler Talflure Rate Calcul2a%tion |

Lp s xbftanwQ ¥g = 1.0 (packaged 1in metal cans)
mg = 6, Tq =1
. Part lo. . Qty(N) S Ap To TETq A = NAbvr,.n',,m:l
OPI 1591(C2I 140) 2 .1 .0006 1.5 6  0.0108 £/10° nrs.
‘0PI 1991(CPI 140) 1 .3 .0014 1.5 . 6  0.0126 r/10% nrs.
i, - . | 6

- Adjusted F.R. = mghgp = ZNi)‘pi - 0.0234 £/10° hrs.

O

11 B-14 - .
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{
TABIE H
’ {
’ Capacitor Chip Fallure. Rate €alculation ; ‘

TA = 25°C, ’G = 0-8 ‘
‘H-} Ceramic 125°C Rating A _ = Ab(uqu) WE=10, NQ=1 (MIL-C-3901U,'1evel M)

.Ap on Table 2.6.4-4 (125°C Rating)

P

Rated

- Part Tyce Voltage Qty S Ay rETo .
CKROG 100,00Cpt 100 2 .1 L0019 10 : . ) . o
. Nlp. = !\'XbﬂEﬂ'Q - l
8] . .
CKRO5 10,000pf leO 2 .1 0019 10 NA, = 8 x .0190 = .1520 . 1
P £71G5 n ’
CKRO5 1,000pf 200 y .1 .0019 10 rs. ;
’ ) i
i
H-2 Tantalum CSR Ap = AN W T failures/lo6 hrs. . x factors: !
S P "b'E'SR'Q T =250 5 .=0.3 ;
A ’ . $
MIL-C-39203/1 6 . =
1.0 uf, 50 Vdc A, = .0046 x 15 x .07 x 1.0 £/10° hrs.
= o
Qty = 1 = N 6
NA = Nx_ = .00483 /10" hrs.

P

Ap = INjdyy = .1520 + .00483 = .1568 £/10% nrs.
Adjusted F.R. = wgdqp = 0.8 x .1568 = .12544 /106 nrs.




