
7’ AD—AOS’4 ‘tb ARMY ELECTRONICS RESEARCH AND DEVELOPMENT CO*~ANO FO—ETC Ft’S 9/I
THERMAL CYCLE TESTING OF 7—SEGMENT LIGHT EMITTING DIODES (LED) —ETC(U)
JAN 70 H ft MILLER

UNCLASSIFIED DCLET TR 7S—2 Pt .

END
OAT F

6—78
Dot

I



_ _ _  

L HH2.2
L ~~~
i~ 11 2.0I i

~ I.8

1.25 1.4 IIlI I.o
_  

— IIII~~~

MICROCOPY RESOLUTION TEST CI-~~ T
NATI OI~AI. BURLAU O~ STANDARDS l9A3 ~~



FOR FURTHER IRAN

RESEARCH AND DEVELOPMENT TECHNICA L REPORT
P ~~ DELEr-TR-78-2

THERMAL CYCLE TESTING OF 7-SEGMENT LIGHT
EMI1TING DIODES (LED) DISPLAYS
(Test Evaluation)

L i
H

M. Robert Miller
Electronics Technology & Devices Laboratory

CD
C...) ~

•=!~~ January 1978

I
I

S

DISTRIBUTION STAT(M(NT
Approved (or public relsise;
distribution uflhimi~d.

‘ i  E~~

h 19T8

B

ERAD COM D

US ARMY ELECTRONICS RESEARCH & DEVELOPMENT COMMAND
FORT MONMOUTH, NEW JERSEY 07703

_ _ _ _ _ _ _  _ _ _  _ _ _  44



- --—

~~

— — ~~~~~~~~~~~~~~ _ r~~~~~~~~~~~~~ —- - - -~~ - - -

-
~~ - -~ ~~~~~~ ~~~- ~~

(

N O T I C E S

j Discialmirs

The findings in this report are not to be constzu.d as an
official Department of the Army position, unl.sa so desig-
nated by other authorized documents.

- - The citation of trade names and names of manufacturers in
this report is not to be construed as official Oovernm.nt
indorsement or approval of commercial products or services
referenced herein.

Disposition

Destroy this report wh en it is no longer needed. Do not
return it to the ori ginator .

____________________  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - ______  

-



¶
-U 

,

UN~LASSIPIED
URIT’V’ CI.A$SIPICATtO N O~ T~4~5 PAGE (Vi... S... g*.,..q

REPORT DOCUMENTATION PAGE 8fF COMPLET0~G O~M
fl I~~iflT ~ 1J~~t —  ~ a. GOVT ACCE$$JoN NO RECIPIENT S CATALOG NUMRER

DELET-TR-7~-2 ‘~ 
_______________________

4. TItLE ( i d  SubHtt.) ~~ . TYP E OP REPQRT S PE OVERED

Th:rmal C y g  Of 7-Segs.nt Light ~~~~~~~~~ ‘
chnicalj.I jl

~~~~~~ (Test Evaluation)p . ERPONWING ORG. REPS t NUMSER

7. AUTHORft ) 
— 

S. CONTRACT 0* GRANT WUMlE~~’.)

~~~ 
L RobertJliller 

~~ 
/ 
,~~~~

-. 
)

S. PERFORMING ORGANIZATI ON MANE AND *bD*ESs - - OGRAM ELEMENT. YA SK
v £A & WONK UNIT

USA Electronics Technology & Devices Lab.(ERADCOM) 1W
Fort Monniouth, N.J. 07703 

~~ 27Ø 4
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-.

(ERADCOM ) ATTN: DELET—BD 
is. sa~~u*iry CL14 fL~~~
Unclassified

15.. bEd . AISI cICATION/D~~VNG~~ADING
SCHEDULE

16. DISTRISUTION STArEMENT(ot thh. R.p.n) 
- .

Approved for public release; distribution unlimited.

17. DISTRIRUTION STATEMENT (.1 IA. .b.Ir.et .,te~.d S, St..* 25. 11 dUf.r ,t ft... R.p.ø)

IS. SUPPLEMENTARY NOTES

Ii. KEY WOROS (Conthiu. an r.c.a.. old. ii ..c.•wy ,d Id.,iliI~ S~ block f lIa,b..)

Light Emitting Diodes ,
Numeric Displays,
Thermal Cycle Testing ,

‘ Failure Rate,

~‘N~ ptic Encapsulation .
20. ~~~ vRACr (C~~~~~~ .*,.ac. -

~~ N . ._..., Id~~~tfr W block .. 0. )
Extended thermal cycle tests wc.re performed .n f our  types of LED numeric

displays following observation of device failure during testing of equipm’nt
containing these displays. Two types which were epoxy encapsulated had failure
rat~as of 1 p~ rcent and 0.17 percent per therma l cycle . No failures were baerved
in hermetically’ sealed devices or the devices that were potted in a resilient
mate rilll.

— _ \ L~j 4) f n 9~
DO , ~~~~~~~ 1473 ‘korr,o.. a~ I Nov es .s O soL!IE UNCLASSIFT.ED

SECURITY CLAIIIrICATIGN OP YN1S PASE (*oc 5.1. lnI.. ’.d)



I-

SECURITY C%.M$IPICATION ~~, I N S  PAGE(WI D.Fa~~~l.~~~~~~ . - 
. 

-

1 - -

I.

S

SECURITY CLAUIFICATION OF THIS PAGE(NW.. D s  ~~~~~~~

~

— ~~~~~~~~- - - ~~~~~~~ - .



-~~~ P— . --- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~-— .--c - - - - — —,.- —-- - -.~
.- -~~—— -— -—~~

—

CONTENTS

INTRODUCTION 1

TEST PROCEDURE S 1

TEST DEVI~ES 1

RESULTS 3

ANALYSIS 3

CONCLUSIONS 7

ACKNOWLEDGMENT 7

FIGURE S

1. LED Numeric Display Thermal Shock Test. Method 107D
Test Condition A MIL—STD-202E. 2

2. Graph of Cumulative Segment Failures. 4

3. Photograph of a Sectioned Type I Device. 6

c~~Lm~ r

~TZ$ Jil tS SISIIN

ISIU.dI,s O
0

J ~~TIF1&ATII( —

ISIS 
• 

_ _ _ _

I

I



THERMAL CYCLE TESTIN( OF ‘-SEGMENT LIGHT EMITTING DIODES (LED) DISPLAYS
(Thst Evaluation)

INTRODUCTION

Military electronic equipment can be expected to experience hundreds of
thermal cycles during its operational. lifetime when it is exposed to te inp€ra—

— ture extremes such as the low temperatures encountered at high altitudes and
arctic environments, and the high temperatures encountered in tropical envi-

- - ronments and in enclosed spaces under sunloading. Thermal cycle tests con—
sisting of just a few cycles ~atween temperature extremes are usually ade—
quat e to uncover most types of failure mechanisms due to thermal mismatch ;
however in situations where the effects of thermal cycling are cumulative,

- ‘ 
l more extensive evaluation must be performed . The structure of plastic encap-

sulated LED numeric disp lays represents such a case and the work described
in this report was performed to determine the cumulative nature of the

L - effect, and to compare the responses of other structures to this stress.
This problem surfaced in the AN/APN—209 (Absolute Altimeter) Engineering
Development program when several LED failures were observed during the
reliability demonstration . The preliminary analysis determined that the
failure mechanism was tearing of the lead wires between the segments caused
by differential thermal expansion of the epoxy encapsulant/lead wire struc-
ture . The AN/APN—209 contractor attempted a solution to the problem by
purchasing unencapsulated LED numerics and potting them in a resilient
material (Sylgard MC 7384). Samples of these were included in this test
along with hermetically packaged devices and two types of epoxy encapsulated
devices .

TEST PROCEDURE S

The test was performed according to test condition A of Method 10Th of
MIL—STD—2 02E . Two t emperature chambers were used , one at —55 degrees Celsius
(°C), and the other at +85°C. The devices were shuttled back and for th
between the chambers by hand , spending 15 minutes at each temperature extreme
with a typical transfer t ime of 2 minutes . About 14 cycles could be com--
pleted per day. Once each day , power was applied to the devices and the
number of segment failures was visually noted. The test was terminated
af ter  158 cycles. The total test period was 16 days . The general layout of
the devices during the test is shown in Figure 1 which also served as a
record of the test results. The numbers recorded next to some of the
segments represent the number of cycles that had been completed when the
failure of that segment was observed. No distinct geographical pattern
emerges among these failures other than the complete lack of failures in
the soft potted (Type III) and hermetic (Type IV) units.

TEST DEVICES

The devices used in this test consisted of four types as follows:

TYPE

I. Hard epoxy package, 7 segments, 1 chip per segment , 12 each.

II. Hard epoxy package, 7 segments, 2 chips per segment , 2 each.
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TYPE (Contd.)

III. Obtained unencapsulated and potted with Sylgard. Other~
wise same as Type U , 2 each.

Id IV. Hermetically sealed package including decoding and drivers

r with 27 LED chips in a modified 7 segment format, 3 each.

RESULTS -

Because the individual segments of a seven segment LED numeric are
effectively independent devices , each segment was considered separately ,
resulting in a meaningful statistical sample size. In the case of the

hermetic devices which include decoding and drive circuitry inside the
package so that individual segments are not independently acce8sible
electrically , any failures would have required analysis in terms of the
whole circuit . However this situation did not occur.

The first failures occurred in the hard epoxied devices with 2 chips per
segment (Type II) after 46 cycles. After 60 cycles, fa ilures began to
appear in the hard epoxied devices with 1 chip per segment (Type I) . Failures
continued to accumulate in these two types throughout the remainder of the
test period as shown by the curves of Figure 2. Throughout this same period ,
no failures were observed in either the hermetic devices (Type IV) or
Sylgard potted devices (Type III).

ANALYSIS

An exponential failure distribution was assumed of the form:

—An
f = l — e

where; f x 100 is the cumulative failure percentage,
A is the failure rate per thermal cycle, and
n is the number of thermal cycles.

The data of Figure 2 can be matched to such a curve by the least
squares method with a high degree of correlation . Rearranging the above
equation as:

— in (1--f) = An

and letting; x n
y = —in (1 — f ) ,

then y
~~~Ax.

We can solve for A by using a least squares linear regression of the form:
A N Zxj Yi — 

Zxj ~ ‘i
2 2

N Exi — (Zx1)

3
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where x1 and y1 are the coordinates of the N data points.

The correlation of the data points to the resulting equation is
given by:

I’

NZX1Y~ — Exj Eyj
___________

/(NZx1Z —(Exj)Z)(NEY1Z — (Z11) Z)

where , 0 .� 
~~~ 

1 with a value of 1 representing perfect correlation.

For the Type I device, the data yields 
~i 

— 0.0017 with a correlation

coefficient 1~ 
0.99. For the Type II device, X~~— 0.01 with a correla-

tion coefficient 0.97. These correlation coefficients are quite

good considering the limited sample sizes that were used. It is therefore
not unreasonable to conclude that these hard epoxy potted devices
demonstrated constant failure rates of 0.17 percent per cycle and 1.0
percent per cycle respectively , and this can be compared to the hermetic
and soft potted units in which no failures were induced by this test
procedure. 

-

The differences in the failure rates between Types I and II probably
derive from structural differences between the units such as:

Type I Type II

1 chip/segment 2 chips/segment
single wire bond/chip redundant bonding
structured encapsulation (see Figure 3) homogeneous encapsulant

Some features of the test results should be noted in conjunction with
these structural differences. First, the use of redundancy, as in the
redundant bonding of the Type II devices does not, by itself , guarantee
high reliability. Also , the structured encapsulation of the Type I devices
shown in Figure 3, which was designed primarily on the basis of optical
considerations , is essentiall y the same as the homogeneously encapsulated
devices with respect to the region around the lead wire where the
breakage occurs .

-The effects of particular structural features were not studied but ,
between them, these two types are fairly representative of almost all of
the hard epoxy encapsulated LED numeric displays on the market today . The
real significance lies in the comparison of these two types of units with
the soft potted and hermetically sealed devices .
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CONCLUSI ONS

— Although the sample size used in this test was too $mall to allow
quantitative predictions of reliability , the consistenc, of the results
leads to rather definite conclusions about the nature of the faliure
mechanisms. The complete absence of failures in che he~.~~tic and scft-
potted units clearly identifies epoxy potting as the source of the problem ;
and the constant failure rates measured for the epoxy petted unite eliminate

- - - early failures or end of life types of failures from consideratlcn .
Instead, it appears that the effects of thermal cycling are cumulative at
a constant rate that depends upon the device structure .

• Since epoxy potting is the packaging method used for most of the LED
numeric display devices on the market at present , it is incumbent on sys—
tems developers to insure that the temperature environment be considered
during system design and steps be taken to avoid thermal cycling failures.

Also to be considered is the tendency for manufacturers and even
most military specifications to call for relatively few (less than 10)
thermal cycles as part of the reliability testing. Obviously , this is
not sufficient to uncover cumulative thermal problems .

The data given here is based on a set of test conditions that is
appropriate for many military applications. For other applications , in
which less severe temperature extremes are expected , further evaluation

• will be needed to determine the relationship between failure rate and
• - temperature.

Additional experimentation could also be considered to determine the
effects of various potting compositions, but for immediate application
where thermal cycling is an important consideration , these results indicate
two approaches that appear acceptable. Hermetic devices are available of f—
the—shelf at a somewhat higher cost than the potted devices . Sylgard
potting is not normally done by the device manufacturers but could be
considered if the appropriate capabilities are available.

In the case of the AN/APN—209, the solution that was adopted for
production of this equipment involving about 10.000 digits , was to
purchase unpotted units from the device manufacturer , and to have the
units potted in Sylgard by the contractor.
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