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Abstract—The contact resistances of 2300 elastomer button can yield higher density interconnection then the traditional
contacts used for LGA (land grid array) package interconnections spring contact socket technology. This increase in inputs/out-
were measured over a range of contact loads. The experimental puts (/0’s) can lead to greater integration on the silicon chip,

data, fitted using three probability distribution functions, show ducing the si d b f t f
that an inverse Gaussian distribution best describes elastomer F€dUCING the Size and number of components necessary tor

button contact resistance behavior. Using this probability function, Operation and leading to improvements in performance and
the minimum operating contact load necessary for a desired socket reliability.

operating reliability can be determined. Improvement in performance through the use of elastomer
Index Terms—Automatic contact resistance measurement, con- component sockets does not reduce customer expectations of
ductive elastomer, contact resistance, elastomer button, electrical a highly dependable system. As with other surface mount con-
resistance distribution, land grid array (LGA), LGA elastomer  nection technologies, the operating reliability of each individual
socket. contact becomes critical to the proper functioning of the entire
socket.
|. INTRODUCTION Determining the contact resistance distribution plays a vital

role in assessing the operating reliability of the device. Previous

HE component socketis asepar_able m_tergonnect betw?ggearch has shown that electrical resistance behavior can be
electronic components and a printed circuit board (PCE?}

. . . + ~ Titted to certain distribution functions [1]-[5]. Hamamatoal.
Component sockets are used in testing and burn-in applicati

di t blv. In both i the abilit found that the contact resistance distribution of semicon-
and in component assembly. In both operations, e ability 4, ., components used in integrated circuits display Gaussian

e:snytremove ‘?d rttaplz?ge _the LcJomp%nent p()jrovu?es a d'stt'B%thavior. Yiet al.[2] studied the resistance distribution for con-
advantage overdirect soldering. Upgrades and replacements galy, e fjyctuations and found that the behavior was well char-

be attached quicker and with less cost and less damage becalise.. . by either an inverse Gaussian or a log-normal distri-
no heat is required to mount or separate the component fromd[ﬁion

substrate. In this paper, the contact resistance behavior of elastomeric

. .SOCkF‘Tt connection also provpes an advantage ove_r.solde. 8?f1ponent sockets was fitted to three distribution functions.
joints with regards to mechanical robustness/durability. Dif- ing a best-fit approach, the results of this study provide a

ferr?trrlt Taie:j'i?flsr IgtioTpoge;l;s ?k?d hPCSr,us W:Idexpa}ir:]d ? ethodology for determining a minimum operating contact load
(C)zcu:_isc ir? the epgwer?uzs anu d pgoweer- df)svn qstzgescoo?‘ n?)r sed_upon appl_ication requirements. The use of load as an in-
. . ) : encing factor in elastomer button resistance behavior pro-
electn.cal operation, as w-eII as .under changmg environmen(ghos wo pieces of critical information. It allows for high confi-
conditions. This expansion mismatch can introduce stre Snce product based upon a pass/fail specification. In addition,

concentrations in permanent interconnects, such as sol rovides information on the probability of high resistances

jo!nts, which can lead to crack initiation and eventual el.e(.:mc?riat may lead to a loss of functionality, absent an actual failure.
failure. The separable nature of sockets allows for sliding o

the contact surfaces while still maintaining a good electrical
connection. This compliant design greatly reduces damage due [l. THEORY

to fatigue or creep and can thus improve product reliability.  The gutput of a measurement is often considered a statistical

The use of elastomer buttons as contacts in componggfiaple. Consider measuring the length of an object. In a perfect
sockets is potentially a very powerful technology. Because gpyg this value would be unique and repeatable. However, due
ability to produce a very fine pitch array, elastomeric contacfg gefects in the equipment, errors in measurement techniques,

and small variations in temperature, the measurement readings
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may be due to variabilities in the materials, manufacturing
process, and the localized environment; measurement varia-
tions may have a negligible effect. In other words, under proper
testing conditions, resistance measurements of an electrical
connector or contact should be accurate enough to be used as
the real resistance value.

In this paper, initial experimentation was conducted to inde-
pendently assess fluctuations in contact resistance due to en-
vironment and measurement techniques. This information was
used to isolate contact resistance behavior due strictly to iﬂ@. 1. Cross section of a conductive elastomer button with a schematic
trinsic variabilities. The electrical resistance of different contisplaying the average dimensions.
tacts was then taken as a statistical variable and was described

using probability density functions. B. Operating Reliability of a Device Employing a Group of
Electric Contacts

26500;111;;

wnoos

A. Distribution of Electric Bulk/Contact Resistance ] ) ) ]
For an electronic device employing n electrical contacts, the

Distribution functions are useful in predicting outlying.qact operating reliability » is given by
behavior using a limited amount of experimental data. The

normal distribution is a standard distribution that can approx- "
imate many natural phenomena. Electrical resistance does bp ZH Di (2.8)
not generally comply with normal distributions because it is i=1

always greater than zero. This results in asymmetry about (iferep, (i = 1,2,---,n) is the operating reliability of each

mean since measurement variables become defined over jfifidual contact. For uniform contacts, each having an oper-
ranged < R < —oco. However, if the skew is small, contactatmg reliability p, (2.8) simplifies to

resistance behavior can be profiled as a normal distribution [6].
A normal distribution is defined as, pp =p” (2.9)
f(R) = ;Cf((Rw)z/?oz)’ for —co <« R < 40 The operating reliability of each individual contact is based on

2ro @2.1) the operational requirement of maximum electrical resistance

wherey, ando are respectively the mean and the standard d§9’ €.
viation of the distribution. Electrical resistance can also show Ro
log-normal or inverse Gaussian behavior [2]. A log-normal dis- p= f(R) dR (2.10)
tribution is given by [7] 0
Equation (2.10) shows that the operating reliability of an elec-
0 forR<0 : . . . .
" — ’ o 29 tric contact is a function of resistance requirements. For a con-
f(R) = e~ ((nR=1)"/205) = for R > 0 (2.2) tact, a high resistance requirement yields a high operating relia-

!
Zmo' R bility. On the other hand, the operating reliability of an electric
wherep ando are determined by contact is also a function of contact loads. Within the operating
) range, a high contact load will increase the operating reliability,
— el Fo?/2 (2.3) iftime effects, such as wipe and wipe-associated corrosion, are
’ dtob ligibl
o2 — 2+ Z(e" > 1), 2.4) assumed to be negligible.
An inverse Gaussian distribution is given by [2] I1l. EXPERIMENTAL PROCEDURE
0 for B < 0 Contact resistance measurements were performed on conduc-
R ’ Ja = 25 tive elastomer sockets manufactured by Thomas and Betts. Each
= 2 2 . . .
J(B) 73/2@("(}3—“) /2R forR > 0 (25) " gocket consists of an array of electrically conductive elastomer
V2rR buttons. The buttons are produced by a proprietary process that

whereo? = 13/« is the variance. Whep > o andR > 0, embeds metgl particles in an elastomeric matrix.j'he material is
’ w/ P> dhgn formed into small, barrel-shaped buttons (Fig. 1). The but-

log-normal and inverse Gaussian distributions can be redu di p hed to th ket f
to a form similar to a normal distribution with a slight degree otPr_]S are arranged in an array and attached to the socket frame

skewness [2]. This can be seen in (2.6) and (2.7) respectivelyfSing @ thin, plastic sheet (Fig. 2). _
The socket is designed to electrically connect land grid array

Flz) ~ 1 o= @2 /207 (L4 /1)) 2.6) (LGA) component I/Os with metallic traces on PCB'’s. When a
- 20 (1+ /1) ' mechanical load is applied and the elastomer contacts compress,
1 (@? 207 (1)) the resulting reduction in volume allows the metal particles to
fz) =~ 3/2°¢ (2.7) forma percolative network and provide a path for electrical con-
2ro(1+x/p)3

duction. A magnified image of the conductive elastomer button
where the statistical variable= R — . array is shown in Fig. 3.
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Fig. 5. Loop diagram used to measure fluctuations due to changes in circuit
resistance.
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Fig. 6. Change in contact resistance over a period of 100 measurements on a

Fig. 3. Magnified electrically conductive elastomer button array. The butto‘sr%ngle elastomer button as a function of contact load.
pitch is 1.27 mm.

button R..,,, the bulk resistance of the elastomer butfey the

Contact Force contact resistance between the contact stage and the elastomer
Elastomeric Conductive Button button R,;, and the circuit resistanc®.;

Gold-plated Block Alignment Pin R = Rey + Ret + Ry + Reir. (3.1)

Contact
Probe
Contact . . . . . . . .
Stage \J Sacket Frame It is desirable to have the distribution behavior be primarily in-
\‘.——' - i fluenced by the intrinsic variability of the elastomer buttons.
Variations from measurement-to-measurement and fluctuations
L <> Xy-Table L in the circuit resistance can affect the distribution of contact re-
sistance data and must be accounted. Measurement variabilities
Fig. 4. Schematic of the experimental setup for contact resistan@éere quantified through m“'“P'? contact me_asur_emems of in-
measurements using the ACRP. dividual elastomer buttons. Within the electrical circuit used to
measure contact resistance are connectors, where variability in
Resistance measurements were conducted using an AdR&r contact resistance could result in inaccurate determination
matic Contact Resistance Probe (ACRP) developed by ipkthe distribution function. In addition, location effects due to
CALCE Electronic Products and Systems Center (Fig. 40ssible inconsistencies inthe surface quality of the gold-plated
Details on the construction and operation of the ACRP haf#ock could resultin high resistance readings incompatible with
been reported previously [8]. In this study, the capability dhe intrinsic variability of the elastomer buttons. To quantify the
automatic multi-point contact testing was built into the ACReffect of resistance fluctuations in the circuit and disparities in
This allows contact load and probe position to be computiiie gold finish, the elastomer component socket was removed
controlled. To minimize resistance during measurements,28d 700 contact resistance measurements were performed on
stainless steel block, plated with 30 mil gold over 100 mthe gold-coated stainless steel block in a loop pattern (Fig. 5).
nickel, was placed between the contact stage and the elastofft@se measurements assessed the mean and standard deviation

socket. of the circuit resistanceR..;..
Three sockets, each with 787 contacts were tested. Electrical
resistance was measured at 10 g intervals up to a maximum con- IV. RESULTS

tact load of 60 gl.The measured electrical resistad¢eonsists 14 determine resistance fluctuations due to measurement
of the contact resistance between the probe and an elasto@[apility, 100 contact resistance measurements were per-

ISixty grams is considered the desired contract load during placement Jp_é[med on one _eIaStome_r button. Thg results, _dlsplayed n
LGA component into the elastomer socket. Fig. 6, show an increase in contact resistance with successive
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TABLE | 30
MEAN (i), STANDARD DEVIATION (0),
AND STANDARD DEVIATION-MEAN RATIO OF THE CONTACT RESISTANCE OF
ELASTOMER BUTTONS, R, AFTER A SERIES OFTEN MEASUREMENTS

25

20

CONTACT LOAD
10g 20g 30g 40g 50g 60g
Button | y 124.7 27.26 14.48 11.32 10.36 9.930
#1 o | 8024 | 2421 | 04830 | 0.3363 | 0.3527 | 0.3114
o/ | 0.6434 | 0.0888 | 0.0333 [ 0.0297 | 0.0340 | 0.0314
Bution | y 128.2 3423 17.80 13.44 11.74 10.77
#2 c | 80.55 3.384 1.019 | 0.2949 | 0.3509 | 0.2445 0
o/u | 0.6283 | 0.0988 | 0.0572 | 0.0219 | 0.0299 | 0.0227 0

Units are in milli-Ohms.

15

10

Frequency Density (% /mQ)

Resistance (mgQ)

TABLE I Fig. 7. Inverse Gaussian resistance distributions of electrically conductive
MEAN (i), STANDARD DEVIATION (G) AND STANDARD DEVIATION-MEAN elastomer buttons under various contact loads. The experimental data for 60 g

RATIO OF THE CONTACT RESISTANCE OFELASTOMER BUTTONS AS A contact load (open circle) is compared to the calculated distribution.
FUNCTION OF CONTACT LOAD

TABLE Il

CONTACTLOAD AVERAGE RELATIVE DEVIATION FROM MATHEMATICAL DISTRIBUTIONS
10g 20g 30g 40g 50g 60g
u 176.5 | 34.36 22.12 | 16.26 12.07 9.88 CONTACT LOAD
o 512.9 16.09 6.94 4.32 222 1.81 Distribution Type 30g 40g 50g 60g
_O/u | 2906 | 0468 | 0314 | 0.266 | 0.184 | 0.183 Normal 5761 | 3.639 | 3.271 | 3.041
Units are in milli-Ohms. Log-normal 3706 | 2.439 | 2.278 | 1.653
Inverse Gaussian 3.626 2.395 2.257 1.648

loading. Multiple contact resistance measurements performed

on other elastomer buttons verified that this progression dfstributions are plotted as a function of contact load. To show
resistance values is an intrinsic wear-out mechanism of the degree of fitting, the experimental data for the 60 g contact
elastomer button and not due to degradation of the measuegid is shown in conjunction with the curve generated by its dis-
ment setup. While this behavior could be of some concern figbution function. Note the increase in the skew and the width
end-users, it negates the effectiveness of using this techniquegtéhe distribution curves with decreasing load.

quantify measurement variability. To remove time-effects from The dependent variable, frequency dengityin the figures
measurement variability, ten contact resistance measuremegigefined by

were performed on two elastomer buttons. The mean circuit

resistanceR.;,, is subtracted from the measured resistance in fi =
order to obtain the elastomer button contact resistance values nAR;
displayed in Table I.

The mean circuit resistanck,.;,., was determined to be 19.01
m and the standard deviation was 0.0%5rat 60 g contact
load. A high contact load was used to avoid variability due to
measurement.

The results of measuring the contact resistance of threeTlhe fitness of a distribution to a particular set of experimental
sockets of 787 buttons is shown in Table Il. The mean circuiaita can be quantified by calculating an average relative devia-
resistanceR.;,, is subtracted from the measured resistance fiion,
order to obtain the elastomer button contact resistance values.
Possible time-effects were avoided by performing contact ¢ = Z [fi — JR)PAR; 4.2)
resistance measurements only once on each button. Comparing o - F(R:) '
the standard deviations from measuremenis3 nt2 at 60 g
contact load), circuit resistance (0.0%2n and total resistance The obtained average relative deviations for the different distri-
(1.81 nf} at 60 g contact load), we can see that the distributidyutions over a range of contact loads are listed in Table Il1.
of the total resistance is dominated by the intrinsic variability Below 30 g contact load, the resistance distributions become
of the elastomer buttons. Measurement variability does playaaymmetric and highly skewed to large resistance values. Com-
small role in resistance distribution (approximately 10—-15%parison of the standard deviations from Tables | and 1l show
However, the ACRP was designed to mimic real-world loadirttpat this skewed behavior is primarily an intrinsic effect, though
conditions and the small effect of measurement can be accepted might expect that measurement variation would dominate at
to simulate variability due to loading conditions. these low loads. The three distributions used in this study are un-

Statistical parameters for the distribution functions were obble to define outlying resistance performance at 10 g and 20 g
tained from the experimental data. An example of the distribuentact loads. Therefore, at these loads, it will be difficult for an
tion functions can be seen Fig. 7, where the inverse Gausstperator to predict or control the reliability of this system.

g

(4.1)

wheren; is the observed frequency among the totalested
samples within the resistance inter¢a;, R; + AR;].

V. RELIABILITY ANALYSIS
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TABLE IV
OPERATING RELIABILITY OF AN ELASTOMER BUTTON AND AN ELASTOMER SOCKET*

/O # CONTACT LOAD

10g [ 20g | 30g | 4d0g [ 50s [ 60g
Button Contact Reliability

N/A | 15247 ] 11.358 | 48.746 | 80.962 | 99.921 [ 99.999

Socket Operating Reliability

256 | 0.0000 | 0.0000 [ 0.0000 [ 0.0000 | 81.662 | 99.770

787 | 0.0000 [ 0.0000 | 0.0000 | 0.0000 | 53.646 | 99.294

1089 [ 0.0000 | 0.0000 | 0.0000 | 0.0000 | 42.243 | 99.025

*: assuming an operational requirement of contact resistance less than 20mQ

Over a range of contact loads 30 g to 60 g, the inverse[5] V. A. Lenivkin and G. G. Klenov, “Distribution of current and con-
Gaussian distribution provides a best fit to the experimental tfg?lt figgtig%ez in a current conducting tigfeld. Int, vol. 6, no. 2, pp.
dat?" Using an. inverse Gaussian d|str|but|op and 'a _clontac R.S. Bur’ington and D. C. May{andbook of Probability and Statistics
resistance requirement &f < 20 m2, the operating reliability with Tables New York: McGraw-Hill, 1970.
of each individual elastomer contact was determined. Froml’l G- A.Kornand T M. Korn,Manual of Mathematics New York: Mc-

2.9 Iculate the operating reliability of the entire Graw-Hill, 1967,

( : )' we can calcu p g y . [8] R. Martens and M. Pecht, “The effects of wipe on corroded nickel con-
component socket (see Table IV). As an example, given an tacts,”inProc. 42nd IEEE Holm Conf. Electrical Contac@hicago, IL,
operating resistance requirement of 20 ya contact load of at Sept. 1996, pp. 342-351.

least 60 g per contact is needed to maintain a socket operating

reliability above 99%.

This methodology does allow for some flexibility, dependini
upon which parameter is mission critical. If appropriate for th
application, a higher maximum resistance specification, such

30 me2, will result in a higher operating reliability.
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VI. CONCLUSIONS s

In this paper, contact resistance measurements were ;‘ L
formed on a component socket composed of elastomer button
interconnects. Fluctuations in resistance data were shown to be
a result of the intrinsic variability of the elastomer buttons. Itis ) ) ) o
reasonable (o think this true of al elastomer sockets althouffima” recenede &5 degree  metalurgica engineering g mate,
different types of elastomer interconnects may have differeqéiion university, Pittsburgh, PA and the Ph.D. degree in materials science
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individual elastomer interconnects as a function of contact loagility on strength of solder interconnects, corrosion mechanisms of contacts
The evaluation process was then extended to define the con#agdtconnectors, and diode failures at high voltages.

load necessary to achieve an operating reliability of 99% for an

entire component socket, given a resistance specification. This
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