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Abstract—Typical reliability evaluations of integrated circuit
(IC) sockets are performed with stress loads and load levels that
are defined by industry standards, without consideration to
component properties, reliability requirements, or target
operating environments. The problem with this approach is
evident when evaluations are completed. If the standard
requirements are met, then the test results provide no assurance
of adequate product life for the customer. If the standard
requirements are not met, then the test results provide no clear
indication as to which failures are relevant and which are not.
An alternative approach for the estimation of product
reliability is found in health monitoring and electronic
prognostics, where the reliability of an IC socket can be
estimated from operating condition monitors, and physics of
failure analysis and modeling. The results obtained in this
manner can provide greater assurance that reliability
requirements will be met and that the incipience of failures will
be detected, with corresponding root causes identified. In this
paper the operating environment of an IC socket inside an
enterprise server was experimentally assessed by means of a
sensor network, providing vast information for the definition of
reliability models and future implementations of health
monitoring and electronic prognostic methods.
Index Terms— Health monitoring, IC socket, operating
environment.
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I. INTRODUCTION

in high-end computer systems are
typically connected to printed circuit boards (PCB) by
either solder joints or by IC sockets. IC sockets are used as an
alternative to solder joints because they can provide a
repairable, heatless, high density, and reliable interconnect
solution. In some applications these sockets provide
interconnection for over 32,000 power, ground, and signal
lines in a single server.
Current industry practices, such as ANSI/EIA-364 and
Telcordia GR-1217-CORE, for the evaluation of IC sockets
ICROPROCESSORS
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rely on the execution of predetermined stress loads (e.g.,
temperature, humidity, shock, vibration), at predetermined
load intensities without consideration to the operating
conditions, IC socket characteristics, or reliability
requirements [1]-[3]. Similar methods are used for the
evaluation of test and burn-in sockets [4]. The qualification of
IC sockets under current practices does not supply the
information needed to derive acceptable reliability models and
operating life estimates [5]. To assure high levels of reliability
for the IC socket it is necessary to perform tests that mimic the
actual component operating environment, providing
acceleration of relevant failure mechanisms.
Over the socket life cycle, dust, shock, vibration,
temperature, temperature cycling, humidity, and corrosive gas
exposure, can trigger failure mechanisms such as creep, stress
relaxation, contact wear, stiction, deformation, and corrosion
among others, which can result in permanent or intermittent
contact resistance changes [6], [7]. For IC sockets,
temperature and humidity environmental stresses are
important drivers of failure [6]. Understanding these operating
conditions, and the behavior of the IC socket over time, is
paramount for socket reliability and prognostic analysis.
Health Monitoring (HM) and Electronic Prognostics (EP) are
methods of gathering and analyzing information about a
component or system during actual application conditions, and
allow the derivation of reliability models and life estimates
[8].
This study evaluates the operating temperature and relative
humidity environment of an IC socket inside of an enterprise
server, enabling quality, reliability, and prognostic analyses.
These parameters are monitored over three months of normal
operation. Variations during power-on transitions are
characterized. Microprocessor activity and its effect on the IC
socket environment are analyzed. Thermal profiles of the
silicon die, microprocessor package, printed circuit board
(PCB), and data center are identified.

II. IC SOCKETS IN MICROPROCESSOR ASSEMBLIES
An IC socket is an electro-mechanical system that, by
means of compression, provides a separable, repairable, and
solderless electrical interface between an IC component and a
PCB [6]. The IC socket is composed of a polymer housing (for
handling, physical protection, electrical isolation, load bearing

and alignment), and an array of contacts. Three common IC
socket contact technologies are stamped metal, fuzz button,
and metal-filled elastomer. For the experiment described in
this publication Tyco® 1.0 sockets were utilized. The Tyco®
socket is a 37x37 array of silver-filled elastomer contacts that
are molded onto a Kapton® polyimide film and attached to a
thermoplastic housing. The socket dimensions are
55.0x57.0x3.3 mm, excluding two alignment posts, as shown
in Fig. 1.

Fig. 1. Tyco® 1.0 elastomer socket used for the experiment. This design has
1369 contacts arranged in a 37x37 array. The socket is 55mm wide and
57mm long.

When the IC socket contacts are compressed between an IC
package and a PCB, the silver particles inside the elastomer
matrix touch each other, creating a percolation network, as
illustrated in Fig. 2. An important characteristic of this
technology is that all metal-to-metal contacts that are created
with the applied compressive load are encapsulated by the
elastomer, limiting the exposure to contaminants and humidity
in the air. A detailed analysis of the compressive load and load
distribution of IC socket assemblies is provided in [9] and
[10].

environment and performance, to enable the derivation of
reliability models, estimates of remaining life, and detection of
deviations from expected normal operating conditions. These
methods are typically implemented in mission-critical or
safety-critical systems such as aircraft, nuclear power plants,
medical equipment, military applications, and enterprise
servers. HM can be performed by means of diagnostic,
prognostic, or life consumption monitors. Diagnostic monitors
determine the current state of health of a system, identifying
potential problems. Prognostic monitors analyze system health
information, estimating future reliability based on the physics
of failure (PoF). Consumption monitors measure the operating
conditions and assess accumulated damage, providing
estimates of remaining life [11].
The following sections demonstrate a setup for HM of an IC
socket’s operating environment and the collection of
information. The substantial data that is acquired in this
manner enables the identification of key failure mechanisms,
the development of accurate reliability models and
quantitative
qualification
plans,
and
the
overall
implementation of EP tools.

IV. EXPERIMENTAL SETUP
™

A Sun Fire 6800 server was used as the test vehicle to
assess the operating environment of the elastomer socket
described in Section II. This enterprise server has six
motherboards, each one with four UltraSPARC© III
microprocessors, cache memory, DIMM, and a variety of
active and passive components. The IC sockets and
microprocessors were installed above the PCB, compressing
the contacts to specification (60-80 grams each) by means of a
heatsink, bolster plate, springs, and screws, reducing the
average contact height from 940 μm down to 650 μm. The
microprocessor assembly is illustrated in Fig. 3.

Fig. 2. Cross-sectional illustration of an elastomer socket assembly with
applied compressive load. The silver particles in the elastomer matrix
contact each other and create a percolation network.

III. HEALTH MONITORING AND ELECTRONIC PROGNOSTICS
Health Monitoring and Electronic Prognostics methods
consist of the continuous assessment of a product's operating

Fig. 3. Illustration of a microprocessor assembly used to provide
compressive loads for the elastomer socket. The thermal interface and
insulating Mylar® layers are shown.

Due to assembly space constraints it was necessary to make
two modifications to the socket housing that would allow the
installation of sensors at the contact interface. First, a small
perforation was made to embed a thermocouple for the
monitoring of air temperature. Second, a cavity was made to
embed a modified Honeywell HIH-3610-004 relative humidity
sensor. The sensor plastic housing was cut and polished to a
size of 6x4x1.5mm and fitted to this cavity. None of these
modifications compromised the structural integrity of the
housing or contact alignment.
Thermocouples were installed on the top surface of the
microprocessor packages and on PCB locations near the IC
socket. HOBO® U10-003 data recorders were attached to the
server chassis to monitor the temperature and relative
humidity of the data center. One recorder was placed near the
floor level (lower recorder) and another near the system air
intake (upper recorder), next to the motherboards. Overall 10
IC sockets, 10 microprocessors, and 3 PCBs were wired,
providing 23 thermocouples, 3 internal relative humidity
sensors, and 2 external temperature and relative humidity
sensors. The setup for the microprocessor assembly is
illustrated in Fig. 4.

Bo ards

Data
Ac quis itio n
Po we r
S upply

12 34 5 6

S e rve r

GPIB

Co mpute r

Fig. 5. Illustration of the server setup with data acquisition, power supply,
and signal monitoring for IC sockets. The CSTH functions are integrated
into the server and not shown.

system calibration was completed the experiment was
initiated. The microprocessor executed a Linpack-based script
with two-hour cycles (one hour idle, one hour running the
benchmark test), simulating server demand during operation.
The experiment was carried out for three months inside a data
center located in San Diego, CA.
V. EXPERIMENTAL RESULTS

Fig. 4. Illustration of sensors installed on the microprocessor assembly.
Thermocouples are placed on the socket, package and PCB. A relative
humidity sensor is placed in the socket housing, above the Kapton carrier.
Bolster plate, springs, screws, and other assembly components not shown for
clarity.

The Continuous System Telemetry Harness (CSTH), part of
the Sun Fire™ server, was used to monitor the junction
temperature of all 24 microprocessors. The CSTH manages a
sensor network, allowing the capture, conditioning,
synchronizing, and storage of telemetry signals for later use by
HM and EP applications [13].
An Agilent E3643A DC power supply was used to power
the humidity sensors and a HP 34970A data acquisition/switch
was used to measure the thermocouple and humidity sensor
outputs. Both instruments were controlled by means of a
computer, a GPIB (IEEE 488) interface card, and a Clanguage program. The temperature and humidity sensors
were monitored at five-minute intervals. The microprocessor
temperature was monitored at one-minute intervals. The setup
for the server is illustrated in Fig. 5.
The sensor network and the CSTH were tested and
calibrated over a three-day period with power-on and poweroff conditions. The temperature and relative humidity of the
air entering the system, while the motherboard power was off
(system fans on), were compared with measurements from
sensors at the IC socket contact interface. When the sensor and

A. Temperature and Relative Humidity Profile for Poweron Transitions
The first activity in this experiment was the monitor of
temperature and relative humidity during power-on transitions.
With the motherboards powered-off and the cooling fans
operating to provide airflow, the temperature and relative
humidity at the socket interface was allowed to stabilize and
match those of the data center, as indicated by the HOBO®
recorders. After four hours all motherboards were powered-on,
initializing the operating system and test script for each
microprocessor. The effects of this power-on transition on the
operating environment of the IC socket are shown in Fig. 6.

Fig. 6. Average temperature and relative humidity profile of the IC socket
contact interface in a power-on transition.

As the microprocessor junction temperature increased, the
relative humidity at the socket interface decreased
significantly, from a 49%RH average (45-52% range) down to
24%RH (22-28% range), all in the course of one hour. In the
same period of time the air temperature at the socket interface
increased from a 22 °C average (21-23 °C range) up to 41 °C
(38-45 °C range). Evaluations performed for automotive
assemblies have measured similar shifts in temperature and
relative humidity inside enclosed connectors [14].
An important observation from this data is the change in
temperature and relative humidity ranges after the system
power is turned on. When the microprocessor temperature
stabilizes, relative humidity readings at the socket contact
interface are more stable, changing only by 2-3% on any given
signal. The same is true for the air temperature, which shows
less than 3 °C variation over time. In the experiment it was
also observed that three temperature measurements were
consistently higher than other measurements. These signals
were found to be monitoring microprocessors on
motherboards at the edge of the system, next to the chassis
(labeled as 1 and 6 on Fig. 5).
While an increase in temperature and a reduction in relative
humidity are expected inside electronic assemblies in normal
operation, the magnitude of change and correlations with
external environmental variables were unknown for the IC
socket contact interface. For some IC socket technologies,
such as those that utilize stamped metal contacts, temperature
and humidity are key drivers of corrosion and fretting
mechanisms [15]. Having accurate information about the
actual operating environment allows better and more realistic
reliability evaluations and enables EP implementations [16],
[17].
B. Temperature Profile of Microprocessor Assembly
During Server Operation
The temperature profile of three microprocessors over a tenhour period is shown in Fig. 7. Each one of the temperature

Fig. 7. Temperature signals of three microprocessors monitored by the
CSTH during a ten-hour period. The higher temperatures result from
microprocessor running benchmark testing while the lower temperatures
result from microprocessor idle state.

signals cycled every two hours. The lower temperatures were
reached when the microprocessor was idle. The higher
temperatures were reached when the microprocessor was
executing benchmark tests. The observed variability at each
one of the temperature levels was caused by low resolution
sensors in the microprocessor, which can only detect changes
greater than 1 °C. The recorded temperatures of the
microprocessor die, microprocessor packages, socket contact
(air), and PCBs are summarized in Table 1.
TABLE I
RECORDED TEMPERATURES DURING EXPERIMENT
SENSOR
SAMPLE
TEMPERATURE,
TEMPERATURE,
LOCATION
SIZE
IDLE CPU (°C)
ACTIVE CPU (°C)
Die
Package
Socket
Contact
PCB

24
10
10

52.5 (48.0-58.0)
42.4 (39.4-47.7)
41.0 (38.3-45.3)

53.9 (48.0-60.0)
43.4 (39.4-49.0)
42.0 (38.6-46.4)

3

37.0 (35.9-38.7)

37.8 (36.0-39.2)

Overall the average temperature changes (deltas) during
operation were:
•
•
•
•

1.4 °C, at microprocessor die
1.0 °C, at microprocessor package
0.9 °C, at IC socket contact (air)
0.8 °C, at PCB

These results indicate that reliability evaluations of this
component (in this system) may require a smaller number of
temperature cycles to accelerate relevant failure mechanisms,
when compared to those specified by industry standards
(typically above 1,000) [1], [2]. For the same reasons it can be
concluded that accelerated temperature storage tests may be
more effective in simulating normal operating conditions for
this application. The microprocessor, package, socket, and
PCB temperature signals could be used by EP tools to detect
thermal anomalies and to estimate stresses in the assembly
induced by temperature gradients and temperature cycling.
Tools such as the Multivariate State Estimation Technique
(MSET) and Sequential Probability Ratio Test (SPRT) can be
used to detect the incipience of failures, aid in the
identification of root causes of failure, and reduce No Trouble
Found (NTF) events [11], [12].
C. Relative Humidity Profile Induced by Microprocessor
The temperature and relative humidity measured at the IC
socket interface for a ten-hour period is shown in Fig. 8. The
temperature, represented by the signals at the top of the figure,
was on average 41.0 °C (38.3 to 45.3 range) when the
microprocessor was idle and 43.4 °C (39.4 to 49.0 range)
when the microprocessor was executing benchmark tests.
Under the same conditions the relative humidity, represented
by the signals at the bottom of Fig. 8, was on average 24.0%
(21.7 to 27.3% range, idle) and 23.3% (20.8 to 27.3% range,
running benchmark tests). The cyclic changes in socket
ambient temperature result in less than 3% variation in the

relative humidity. For the samples monitored, and within the
temperature range considered for this study, a 0.8% reduction
in relative humidity can be expected for every 1 °C increase in
temperature.
The relative humidity and temperature monitor data, as
illustrated in Fig. 8, could be used by EP tools to estimate
corrosion rates of metal connectors, degradation of materials
over time, and occurrence of temperature and humidity
accelerated events.

These results were obtained with the HOBO® recorder
located next to the motherboards (upper recorder). Similar
measurements were obtained with the recorder located near
the floor level (lower recorder). Temperatures at the upper
recorder were found to be on average 1 °C higher and relative
humidity 3% lower than those obtained by the lower recorder.
These differences are caused by the heat generated by the
servers in the data center.
VI. CONCLUSIONS

Fig. 8. The temperature (°C, represented by the upper signals) and relative
humidity (%, represented by the lower signals) at the IC socket interface for
a ten-hour period are shown. Corresponding microprocessor temperatures
for the same period are shown in Figure 7.

D. Temperature and Relative Humidity Profile of the Data
Center
The temperature and relative humidity of the data center
environment for a two-month period is illustrated in Fig. 9.
The temperature was 21.6 °C average (20.4-24.4 °C) with
relative humidity at 45.6% average (32.2-54.1%). The
measured temperatures were consistent with those expected of
computer rooms but the relative humidity was at times above
the suggested range of 45-55% [18].

In this paper the temperature and relative humidity
environment of an IC socket inside an enterprise server was
evaluated. The environment, at the socket contact interface,
was characterized during power-on transitions and monitored
during normal operating conditions. The temperature of the
microprocessor die, packages, PCBs, and data center were
measured for the duration of the test. The relative humidity in
the data center was also monitored.
The microprocessor die temperature was found to be on the
average 53 °C (48-60 °C range), which resulted in 41 °C and
23% relative humidity at the contact interface. The variation in
temperature and relative humidity during operation was found
to be less than 3 °C and 3% respectively. For the temperature
range considered in this experiment, and for this server
application, the relative humidity can be expected to decrease
0.8% for every 1 °C increase in temperature. The relative
humidity at the IC socket interface was found to be 25-30%
lower than that of the data center environment.
The data suggests that, for this particular server application,
temperature storage tests may be optimal toward accelerating
the non-bias operating environment of the socket. In addition,
given the relatively benign temperature cycle profile, short
temperature cycle evaluations (<1000 cycles) should be
considered to simulate power cycle, temperature cycle, and
interconnect aging.
The temperature and relative humidity profiles identified in
this experiment can be used with physics of failure models to
assess the interconnect reliability, to determine what failure
mechanisms are relevant for the operating environment, to
estimate accumulated damage as a function of time, to
establish correlations between environment and interconnect
behavior, and to train prognostic models for the detection of
precursors of failure. Experiments and models that are based
in industry standards such as ANSI/EIA-364 and Telcordia
GR-1217-CORE, can not provide this information, lacking
insight into the physics of failure of the component and the
operating environment.
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