Extreme Temperature Characterization of Passive Components
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INTRODUCTION

This article describes the setup developments ane ©f the results obtained for the temperatureacherization from
-190°C to more than +300°C of passive componemsmaity used for space missions, but with a standgrerating
temperature range in most of the cases. One ofehgs used is based on direct contact with Kgdvabes with a
multiplexed solution to allow the characterizatigmto 150 samples in the same thermal cycle. Arskogeasurements
setup is used for measurements at higher tempesabased in not standard soldering and the useefamic custom
made climatic chamber door.

SETUPS FOR PASSIVE COMPONENTS CHARACTERIZATION

ALTER TECHNOLOGY TUV NORD S.A.U. (ATN) is checkinthe response of standard passive space validated
components for temperatures out of their specs.setap for doing this is based on the use of aeatall climatic
chamber with an internal volume of 25cm x 30cm gr8Grom Sun Electronic Systems. This chamber, shiowig. 1,
cools with liquid nitrogen and heats with dissipgatresistances. The temperature range is from €L80315°C with
controlled temperature rates up to 50°C/min. Tvifedint setups are used to measure a high numisamaples.

Fig. 1. Sun Systems Climatic Chamber
SETUP1

The first measurements setup used by ATN is basethé use of a commutation matrix manufactured by S
Electronic Systems able to handle up to five corepotoards. The component boards provide easy iKédvivires)
contact to the component terminals allowing vergcpse electrical measurements. The use of diffeceniponent
boards allows to measure up to 160 axial or racli@hponents and 80 4-leaded components. The maidxtlze
different sockets are shown in Fig. 2. ATN develgi®/IEW custom control software for automation aoahtrol each
type of measurement. The use of the commutatiomixnaith programmable climatic chambers and custmntrol
software allows performing fully automated measwets at pre-programmed temperature steps. The tatope
control is guaranteed by the use of the controtnioeeouples of the chamber plus several additiomatmocouples
available to monitor homogeneity of the temperagloag the different boards inside the chamber.



Fig. 2. Matrix door and Kelvin Sockets

The matrix door setup presents two limitations: meximum allowed current is 4 amps due to the eelayitations
and the sockets welding limits the usage of thigpsto temperatures lower than 200°C.

SETUP 2

This second measurements setup has been develpged\bin order to overcome some of the limitatiggresented by
the previously explained setup. In this case thatasz to the terminals is made with cupper wiredeghin golden
receptacles. The cupper wires come out of the ckathibough a Duratec drilled board. The Durateceniat provides
good electrical isolation (less than 1nA of leakagerent at 250V between consecutive pins) andstatids all the
temperature range for which the setup is intendéis system removes the 4 amps current limitatiotha cost of
only allowing semiautomatic measurements. The gotéeeptacle contacts are welded to the cupperugireg a high
melting point soldering compound, allowing measwata to up to 300°C without damaging or even sigirthe

component terminals, like shown in Fig. 3. The measents are performed through only two wires hetdontact
resistance added by the setup is lower tha@ 5hhe 4-wire measurement is performed from therothxéreme of the
cupper wires.
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Fig. 3. Gold receptacle contact

The samples are placed on aluminium boards insidechamber. The high mass of the aluminium boalide/s to
drain out the heat dissipated by the samples {ij and the temperature of each one of the samplede monitored
and registered in steps of less than a minute.oUl50 washer thermocouples can be screwed on thelesgpackages

in order to monitor component case temperaturagyusihigh density data logger. The overview ofdhstom door is
shown in Fig. 4.

. Fig. 4. Custom climatic chamber door



The full setup includes a N2 bottle to fill the ohlaer in order to avoid corrosion of the samplesvaty high
temperature measurements. The complete setupvmsh Fig. 5.

Fig. 5. Full measurements setup

The measurements are performed from the outside special 4-wire connector and the custom contofiware
developed by ATN keeps track of the measured sampleecking the result of each measurement andatidg the
operator any problem during measurements. If trectetal value and temperature are in range, thetesy
automatically jumps to the following sample for thext measurement.

PASSIVE COMPONENTS CHARACTERIZATION RESULTS: RESISTANCE MEASUREMENTS

The resistance measurements can be performed ényaprecise way using the Kelvin sockets. The tesssshow a
slight increase in the resistance for temperathetsw the minimum rated temperature. In some cHsmsesistance
value obtained falls out of the specification lignfor the standard temperature range like showkign6. Most of the
tested resistors show a very stable behaviour eueaf their rated temperature range, an examgsaasvn in Fig. 7.
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Fig. 6. 1K0O Resistor Fig. 7. 221R Resistor

Several measurements have been carried out onithersnusing the same system. The following picthiews the
evolution of the resistance of thermistors thatteing used to monitor the internal temperaturthefmopiles for the
REMS (Rover Environmental Monitoring Station) cuntly aboard the MSL (Mars Science Laboratory) onrdva
surface. The resistance evolution and the acteafrtbcouple can be seen in Fig. 8 and Fig. 9 reispéct
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Fig. 8. Resistance evolution BigTested REMS thermistor




PASSIVE COMPONENTS CHARACTERIZATION RESULTS: CAPACITANCE MEASUREMENTS

Several capacitance measurements have been pedfasimg the relay matrix in order to characterizegh number of
capacitors at the same time. Measuring capacitanggiges a high number of calibrations that dirgaffect to the
measurements precision. The capacitance addedebretdly matrix shows some temperature dependerae iethe
relays are outside the thermal chamber and anrattbeating system is used in order to stabilizedkternal relay
matrix temperature and reduce this effect. A catibn cycle is performed using empty component é®aesulting in
absolute errors of up to 2@t high temperature and around 10pF at low temperal his error is the main limitation
while characterizing low capacitance samples wiik setup. Fig. 10 shows the high variation of ¢hpacitance with
temperature in regular ceramic capacitors. Cerarafacitors with temperature compensating dielestdce tested
resulting in very stable capacitances for all #agtdd temperature range. The low variation for tyjie of devices is
shown in Fig. 11.
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Fig. 10. 1nF standard capacitor Ely. LnF temperature compensating capacitor

PASSIVE COMPONENTS CHARACTERIZATION RESULTS: HEATERSIN VACUUM

Fig. 12 shows an example of the characterizatiomezfters in vacuum. The particular use of the heaad the
inherent bad dissipation of the samples in vacuesd lto a difficult test. The heating by means diaton has a big
impact on the temperature of each heater, depemdirige relative position of the samples. The teumipee of several
points inside the vacuum chamber was registeredisigovery high variations too.
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Fig. 12. Heaters in vacuum setup

CONCLUSIONS

ALTER TECHNOLOGY TUV NORD S.A.U. is prepared forsting passive components at extreme temperatures.
ATN has started the characterization of passive pmmants at extreme temperatures. However, the riekct
characterization is only a part of the tests todbee to validated these components for a wider thanstandard
temperature rate and for space applications. Aultititests such as the capability of survivingherinal shocks and
power and thermal step stress tests will also bfoqeed to get a complete view of the possibilities validation of
some of these components in these extreme envirmahwnditions.
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