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CONCEPTION D'EMPAQUETAG E DE S MICROS CAPTEURS D E PRESSION , 
DE TEMPERATURE E T AUTRES E N MEMS. 

WANG, Jun 

RÉSUMÉ 

Dans certaine s recherche s précédentes , l a fabricatio n de s capteur s d e pressio n s e basai t 
sur le s puce s MEM S à  bas e d e Si C (Silico n Carbide) . Cependant , de s chercheur s d e 
l'Université Concordi a on t démontré récemment qu e SiCN (Silico n Carbid e Nitride) avai t 
un avantag e plu s importan t pa r rappor t a u S i (Silicon ) o u Si C à  haut e température . I l 
serait don c u n matérie l potentie l dan s u n environnemen t hostile . Dan s c e mémoire , u n 
bref historiqu e su r le s capteur s MEM S à  haut e températur e ser a introduit . Certaine s 
questions don t l e choi x d u matériel , l a fabrication , l'empaquetage , e t l'applicatio n de s 
capteurs d e température MEM S seron t discutées . Un e approche pou r l e conditionnemen t 
des capteur s d e pression à  haute température ser a présenté e e t quelques prototype s seron t 
créés ave c succès . E n outre , certaine s simulation s pou r ce s prototypes seron t étudiée s e t 
les résultats des simulations seront examinés . 
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ABSTRACT 
High températur e MEM S pressur e senso r packagin g demand s muc h mor e requirement s 
for packagin g proces s tha n commo n pressur e sensors . Th e choic e o f materia l fo r hig h 
température MEM S pressur e senso r i s a n importan t issue . Som e previou s researche s 
concentrated o n a  Si C MEM S pressur e senso r chip . However , th e researcher s fro m 
Concordia Universh y recentl y foun d tha t SiC N ha d importan t advantage s ove r S i o r Si C 
at high température and would b e a potential materia l i n harsh environment. I n this thesis, 
a brie f backgroun d abou t hig h températur e MEM S senso r i s introduced . Som e issue s i n 
the materia l choice , fabrication , packaging , an d applicafio n o f hig h températur e MEM S 
sensor ar e discussed . Tw o kind s o f method s fo r packagin g hig h températur e pressur e 
sensors are designed t o create prototypes an d the designed prototype s ar e evaluated unde r 
the senso r workin g condition . I n addition , som e simulation s fo r thos e designe d 
prototypes ar e studied an d the results of simulations are discussed . 
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SYNTHESE 

Cette recherch e vis e e n particulie r à  développe r de s empaquetage s de s capteur s d e 

pression MEM S pou r les applicafions aérospatiale s dans les turbines des moteurs d'avion s 

à de s température s élevée s e t environnement conosi f L'ensembl e d u mémoir e es t divis é 

en 5  chapitres e t chaque chapitre est résumé, comme montré ci-après . 

La command e de s turbine s à  ga z d u moteu r pounai t rendr e u n moteu r plu s efficac e e t 

plus fiable.  L e moteu r a  besoi n de s capteur s d e pressio n à  haut e températur e qu i 

foumissent de s donnée s dynamique s d e pressio n e t d e température . De s capteur s d e 

pression à  haut e températur e traditionnel s son t grands , lourde s e t coûteux . L e proje t 

CRIAQ 6. 2 prévoi t Tufilisatio n de s MEM S à  base d e micro-capteur s qu i amélioren t le s 

perfomiances e t la sécurité des turbines à  gaz des moteurs. 

La particularit é d'empaquetag e de s capteur s MEM S à  haut e températur e es t discutée . 

Haute conductivit é thermique , thermomécaniqu e compatibilité , haut e résistanc e au x 

chocs thermiques , haut e résistanc e e t haute compatibilit é chimiqu e son t nécessaire s pou r 

les application s à  haut e température . Certain s de s matériel s approprié s seron t mi s e n 

place. Le s capteur s à  haut e températur e son t généralemen t fabriqué s ave c d u SiC , d u 

SiCN o u d u SîN . Dan s cett e étude , AIN , alumin e e t SiC N son t choisi s pou r fair e agi r 

comme substra t d e l'empaquetage . L a coll e époxyd e n'es t pa s u n matérie l convenabl e 

pour connecte r l a puce e t l e substra t pou r des applications à  haute température . Cotronic s 

Corporation a  certains colle s céramique s à  base l'alumin e qu i peuven t bie n fonctionne r à 

haute température . L a liaison de s fils  électrique e t de saisi e es t également discutée . L e fil 

d'aluminium n e peu t pa s passe r le s essai s d e tractio n destructif s aprè s de s cycle s 

thermiques entr e -5 5 ° C e t 40 0 °C . L e fil  e n o r es t beaucou p mieu x qu e l e fil  e n 

aluminium ca r pou r le s essai s d e tractio n d u fil  e n o r i l n' y a  pa s d e différenc e 

significative avan t e t après le s cycles thermiques entr e -5 5 ° C et 500 "̂ C . Le fil  en platin e 

a une meilleure stabilit é à  haute température qu e le fil en or . Par contre l e fil d e liaiso n en 



vil 

platine qu i peu t supporte r u n environnement d u moteu r à  600 °C est rarement utilis é dan s 

l'industrie. L'alliag e Kova r a  un e dilatatio n thermiqu e similair e au x matériau x 

d'empaquetage. Ainsi , i l devient d e plus en plus un matériel d e boîtier convenabl e mieu x 

que l'acie r inoxydable . 

Deux prototype s détaillé s d'empaquetag e d e capteu r MEM S d e pressio n à  haut e 

température son t présenté s dan s c e mémoire . Le s puce s d e capteu r pounaien t êtr e de s 

puces e n SiC N (l'universit é d e Concordi a travaill e su r c e procédé ) o u de s puce s e n Si C 

(le matérie l l e plus populair e pou r le s application s à  haut e température) . L a technologi e 

de métallisation de Ti/Pt/Au es t parvenue à  une maturité e t elle pounait s e développer su r 

des substrat s pa r u n dépô t chimiqu e e n phas e vapeur . Troi s candidat s d e matériau x pou r 

le substra t seron t simulé s dan s l e chapitr e 5  (AIN . compos é d'alumin e e t SiC N 

céramique). Le s substrat s d'alumin e composé s peuven t êtr e préparé s pa r moulag e o u 

l'empotage. Le s substrat s d e céramiqu e SiC N peuven t égalemen t êtr e préparé s pa r un e 

coulée e n moule. Les substrats AIN peuvent êtr e faits pa r pressage à  chaud o u par frittag e 

de pression . Tou s le s substrat s doiven t êtr e intégré s au x broche s e n platine . L e fil  e n o r 

est utilis é pou r l e prototyp e 1  et l a soudur e à  poin t e n o r (fli p chip ) es t utilisé e pou r l e 

prototype. Pou r l e collage e t l'étanchéité , u n adhésif à  base d'alumine Resbon d 940H T d e 

Cotronics Corporatio n es t choisi . Cet adhési f es t également utilis é pour relie r l e substrat à 

un boîtier en alliage Kovar qui vise à protéger le s capteurs. 

Une analys e d e FE M e t d e brève s étape s d e l a FE A son t introduites , l e conten u e t 

l'analyse son t discutés . L a conceptio n d e 4  prototype s es t modélisée . Deu x élément s 

(S0LID5 e t SOLID90 ) son t appliqué s dan s le s modèle s de s paramètre s d e matériau x e t 

les modèle s d e dimension s son t saisis , pui s l e programm e ANSY S es t utilis é pou r le s 

calculs, et les résultats son t présentés par ANSYS post-processeur . 

Différents type s de simulation son t effectués, e t les résultats de simulation son t présentés . 



VIU 

Les simulation s d e distributio n d e contraint e therm o mécaniqu e montren t qu e l a 

partie qu i subi t l e plus de contraintes es t l e bord d e l a membrane d u capteu r ave c 

application d e pression o u bien san s l'application d e pression. 

L'empaquetage conventionne l a  le moins de contraintes thermique qu e celui d e la 

méthode de la puce retournée (flip chip) . 

Si le s dimension s géométrique s de s capteur s son t proportionnellemen t changées , 

la taille des capteurs n'a pas d'incidence su r l a contrainte thermique. 

Si seulemen t l'épaisseu r d e l a membran e d u capteu r chang e (autre s partie s 

conservent l a même dimension) , l'augmentation d e l'épaisseur d e la membrane d e 

la puce du capteur peut diminuer avec le s contraintes thermiques . 

Avec l'augmentatio n d e l a température , l a déformatio n augmenter a également . 

Pour l a déformatio n d e l a membrane , i l y  a  e u un e augmentatio n d e 12 % d u 

déplacement a u centr e d e l a membrane lor s d e changement s d e température d e 0 

degré Celsius à  600 degrés Celsius. 

Pour chaque matériel , on a  différentes contrainte s thermiques L a liaison d u platin e 

est meilleu r qu e cell e d e For . AI2O 3 n'est pa s u n bon matérie l d e base pa r rappor t 

au AI N e t a u SiCN . Un e puc e d e Si C ave c un e liaiso n d e matériau x d e bas e d e 

SiCN e t platin e semblen t êtr e l a meilleur e combinaiso n matérielle . Un e puc e 

SiCN ave c de s matériau x d e bas e d'Al N es t égalemen t bo n pou r la  liaiso n e n 

platine e t l a liaison e n or . L a plupar t de s combinaison s au x SiC N son t mieu x qu e 

le carbure de silicium. 

La simulatio n transitoir e d e transfer t d e chaleu r montr e qu e l e SiC N n e convien t 

pas pou r des applications ave c un e température à  évolution rapid e e n raison d e s a 

faible conductivit é thermique . 

Un calcul d e transfert d e chaleur par simulation dan s MATLAB es t validé par une 

vérification transitoir e de transfert d e chaleur . 

Si l a températur e de s contrainte s libre s es t proch e d u poin t média n d e l a 

température étendu e d e charge , i l es t conseill é d e réduir e le s contrainte s 

themiiques. 



IX 

• Un e simulatio n e n FEMLA B es t complété e e n utilisan t l e mêm e modèl e qu e l e 

logiciel ANSYS , leurs résultat s similaires confirment l a validité des modèles . 

• L a comparaison entr e l a connexion d'o r imparfait e (80 % densité, 63% du module ) 

et l a connexio n parfait e (100 % densité , modul e 100% ) es t généré e ave c un e 

pression d e charg e d e I M P a e t l a températur e d e l a pièce . Le s contrainte s 

themiiques son t presque le s mêmes. 

En conclusion , s i l e fil  de liaison  e n platin e es t disponible , l'empaquetag e conventionne l 

doit êtr e adopt é parc e qu e l e boîtie r a  l e moin s d e stres s thermiqu e e t l e fil  e n platin e a 

une meilleur e stabilit é à  haut e températur e qu e l'or . Sinon , l'empaquetag e e n puc e 

retournée (flip-chip ) pourrai t protége r l'intérieu r d e l a pièc e e t cett e solutio n es t plu s 

raisonnable. 
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INTRODUCTION 

Background 

Microsystems technologie s ar e believe d t o b e a n importan t par t o f th e technologica l 

foundation upo n whic h th e worl d ca n continu e t o improv e th e standar d o f livin g i n th e 

twenty-first centur y [1] . Micr o electromechanica l System s (MEMS ) hâv e bee n studie d 

intenscly fo r ove r tw o décades . MEM S generall y rang e i n siz e fro m a  micromete r ( a 

millionth o f a  nieter) to a  millimeter (thousandt h o f a  meter) . MEMS ar e als o referre d t o 

as micr o machines , o r Micr o System s Technolog y (MST) . MEM S ar e separat e an d 

distinct fro m th e hypothetica l visio n o f Molecula r Nanotechnolog y o r Molecula r 

Electronics. Si-base d MEMS , fabricated b y surface an d bul k micromachinin g technique s 

derived fro m I C processing technology, dominate the cunent MEM S market [2] . 

MEMS device s ar e designed an d fabricate d t o realize functiona l purpose s i n some fields . 

Among thès e MEM S devices , MEM S sensor s ar e widel y use d i n man y fields.  MEM S 

sensor i s fabricate d b y usin g MEM S technolog y an d it s functio n purposes , e.g . pressur e 

and températur e measurement s ar e realize d b y detectin g th e signa l chang e o f som e 

parameter i n the MEMS device . This signa l i s caused by converting one type o f energy t o 

another through the MEMS device [3] . 

A pressure senso r i s designed t o couver t inpu t pressure s to electrica l outputs . Pressur e i s 

an expressio n o f the forc e require d t o sto p a  gas o r fluid  fro m expanding , an d i s usuall y 

stated in terms of force per unit area [4]. 

A températur e senso r (thermometer ) i s designe d t o detec t a  chang e i n a  physica l 

parameter suc h a s résistance or outpu t voltag e tha t conespond s t o a  température change . 

There ar e tw o basi c type s o f température sensing : contac t températur e sensin g an d non -



contact measuremen t [5] . Th e wor d thermomete r i s derive d fro m tw o smalle r wor d 

fragments: themi o from th e Greek fo r hea t and meter from Greek , meaning to measure . 

To fom i thès e functiona l MEM S sensors , proper assembl y an d packagin g technique s ar e 

required. Packagin g i s th e science , art , an d technolog y o f enclosin g o r protectin g 

products fo r distribution , storage , sale , an d use . I t als o refer s t o th e proces s o f design , 

évaluation, an d productio n o f packages . Fo r a  typica l MEM S senso r packagin g 

fabrication, i t coul d includ e pre-packag e test , wafe r mounfing , wafe r sawing , wafe r 

cleaning, di e inspection , di e attaching , wire bonding , sealing , ink marking , an d final  test . 

Most o f MEM S packagin g processe s an d technique s ar e fro m I C industry , bu t MEM S 

sensor packagin g stil l ba s it s own characteristic . MEM S senso r usuall y ha s moving part s 

and need s contac t environment . Som e MEM S sensor s hâv e hermiti c parts . I n fact , 

MEMS senso r packagin g desig n shoul d b e considere d a t the beginnin g o f MEM S senso r 

chip desig n usin g concurren t engineering . Différen t typ e sensor s usuall y hâv e différen t 

packaging requirement , s o a  nunibe r o f packagin g approache s hâv e bee n develope d fo r 

MEMS senso r [6] . 

MEMS sensor s fo r low-temperatur e pressur e measurement s hâv e bee n studie d fo r a  fe w 

décades, an d man y device s hâv e bee n mad e i n man y applicafions . However , high -

temperature pressur e sensor s fo r hazar d environmen t ar e stil l i n th e laboratory . Som e 

interesting work s wer e presente d i n différen t way s t o assur e high-temperatur e MEM S 

functional senso r [7] . High-Temperature MEM S packagin g represent s a  challenging an d 

costly tas k i n the manufacturing o f MEMS. On average, almost 7 0 % of the cost of a high 

température MEMS senso r is in the package [8] . 

High températur e MEM S pressur e senso r packagin g i s a n importan t par t o f th e project , 

MEMS fo r contro l an d monitorin g o f ga s turbin e engines , funde d b y Consortiu m fo r 

Research an d Innovatio n i n Aerospac e i n Québe c (CRIAQ) . I t demand s muc h mor e 

requirements fo r packagin g proces s tha n commo n pressur e sensors . Therefore , hig h 



température MEM S senso r packagin g i s a  difficulty , bu t i t i s th e pivo t fo r th e whol e 

System. This thesis wil l concentrate o n the packaging o f the sensors whic h wil l be used i n 

the Prat t &  Whitne y Canad a (P&WC ) engines . Thos e sensor s coul d b e high-temperatur e 

MEMS pressur e sensors , acoustic MEM S sensors , and température sensor s becaus e eac h 

part o f a  jet engin e ha s différen t environmen t fo r thos e sensors . I n this thesis , tw o kind s 

of method s fo r packagin g hig h températur e pressur e sensor s ar e designe d t o creat e 

prototypes, an d th e designe d prototype s ar e evaluate d unde r th e senso r operatin g 

condition [9] . 

At the micron scale , the théories of conventional siz e constructs ar e not always suitabl e to 

explain som e phenomenon' s observe d i n th e smal l siz e MEM S devices . Therefore , 

proper finite  élémen t analysi s (FEA ) i s necessar y fo r th e stud y o f MEM S desig n an d 

fabrication. Th e FE A simulation s fo r th e designe d prototype s ar e als o a  par t o f wor k i n 

this thesis. 

The entire thesis i s divided int o 5  chapters and each chapte r has an overview, a s shown i n 

the following . 

Overview o f chapters 

Chapter 1  présents th e objecfiv e o f thi s researc h (an d i t i s als o on e o f th e objective s o f 

CRIAQ 6.2) . Som e problems i n the industry , jet engin e environment , an d MEM S senso r 

are briefly introduced . 

Chapter 2  discusse s som e hig h températur e MEM S senso r packagin g ke y issues , 

including the choice of packaging material s and packaging processes . 

Chapter 3  describe s a  solutio n fo r hig h températur e MEM S pressur e senso r packaging , 

and évaluâtes packaging material s and designed prototypes . 



Chapter 4  introduce s th e wa y t o simulat e designe d prototype s b y usin g finite  élémen t 

analysis. 

Chapter 5  shows the results and discussions o f the simulations . 



CHAPTER1 

PROBLEMS I N THE INDUSTR Y 

Gas turbin e je t engin e closed-loo p activ e contro l coul d creat e themi o acousti c 

instabilities, an d increas e fue l mileag e fo r aircraf t engines . Hig h températur e MEM S 

sensors ar e necessar y becaus e th e ho t sectio n o f a  jet engin e work s a t u p to 60 0 degree s 

Celsius. Th e objective s o f CRIA Q projec t 6. 2 ar e t o provide th e industria l partner s wit h 

MEMS sensor s that wil l enhance the performance an d safety o f gas turbine jet engines . 

Objective o f this research 

This researc h aim s specificall y t o develo p a  MEM S senso r packag e fo r th e aerospac e 

applications i n th e turbine s o f th e airplan e engine s t o hig h température s an d conosiv e 

environment. 

The measuremen t o f the usefu l parameter s lik e the pressure , the température and othe r i n 

the engine s o f airplane i s very importan t t o ensure th e contro l an d th e monitorin g o f th e 

health o f th e plane . Th e usag e o f severa l MEM S sensor s a t varion s place s i n a n engin e 

would allow the détection of the anomalies and the fast conection o f thèse. 

The environmen t o f the engine s i s very severe . I t présent s extrême température s clos e t o 

600 degree s Celsiu s an d ver y corrosiv e gases . suc h a s sulfides , NOx . C O an d CO 2 [10]. 

The packagin g o f MEM S sensor s i n thi s environmen t require s a  detaile d attenfio n an d 

présents a  majo r desig n challenge . No t onl y i s th e packagin g a  challenge , bu t als o th e 

connection o f sensors signais to the extemal world . 

The methodology t o achieve our object include s the following statements : 

1. To make a review of literature on the technology o f packaging o f MEMS 

2. To analyze existing MEMS senso r packaging . 



3. To find a  solution t o package thèse MEMS sensor s to meet the spécifications identifie d 

by the involved industria l company . 

4. To simulate the prototypes by using finite  élément analysis . 

The mai n purpos e o f thi s researc h i s t o find  ou t a  solutio n fo r packagin g a  MEM S 

pressure senso r whic h ca n wor k o n je t engin e combustio n environmen t an d i s 

summarized a s hig h températur e 60 0 degree s Celsius , hig h dynami c pressur e an d 

chemically corrosive . 

1.1 Ga s Turbine Jet Engine Contro l 

Future je t engin e mus t provid e hig h efficienc y an d reliabilit y a t lo w cost . Pressur e 

sensors an d températur e sensor s i n a n engin e ca n suppl y dynami c pressur e an d 

température dat a whic h coul d mak e a  feedbac k contro l Syste m work . Fue l mixtur e ha s a 

key rôl e fo r th e engin e performanc e an d i t i s a  ke y objec t fo r je t engin e contro l Syste m 

[11]. Lea n fue l mixtur e combustio n mean s tha t mor e tha n th e stoichiometri c amoun t o f 

air neede d t o bu m a  certai n amoun t fue l i s take n t o th e engine . th e fue l wil l combus t 

completely an d som e oxyge n wil l b e lef t ove r i n th e exhaus t gases . Cunently , th e fue l 

mixture aircraf t operator s us e i s 40 t o 45 percen t o f the fue l o f a  typical 14: 1 air-to-fue l 

mixture [12] . Je t engine s runnin g lea n fue l mixture s coul d caus e Therm o Acousti c 

Oscillations (TAO's ) whic h occu r i n System s wher e a  long tub e ope n a t th e col d en d i s 

extended t o the closed end a t the wann boundary , whic h usually happens in the fill  line or 

the ven t lin e wher e th e tub e i s cappe d of f a t th e ho t end , o r th e flow  rat e i n th e tub e i s 

small [13] . TAO' s ca n b e ver y damagin g fo r a n engin e a s th e oscillation s ar e 

accompanied b y considérabl e hea t conductio n dow n th e tube . Thi s ca n increas e th e hea t 

leak o f th e Syste m b y severa l order s o f magnitude . Lea n mixture s als o increas e nitroge n 

oxides (NOx) émissions , especially where hot spots form withi n th e engine. 

Proper fue l mixtur e wil l preven t combusto r therm o acousti c instabilities , reduc e 

émissions an d increas e fue l mileag e fo r aircraf t engines . Traditionall y thi s kin d o f 



problem i s resolve d wit h pre-programme d open-loo p Ful l Authorit y Digita l Engin e 

Control (FADEC ) adjustments ; however . ther e i s n o guarante e tha t suc h technique s ca n 

deal with ai l o f the instabilitie s [14] . The solutio n i s acfive fue l contro l [11 ] that relie s on 

feedback signai s fro m pressur e sensor s an d températur e sensor s tha t ar e integrate d ont o 

engine's fue l injectors . Accordin g t o Glenna n Microsystem s Inc. . thi s technolog y coul d 

improve turbin e stabilit y unde r lea n operatin g condition s whil e reducing nitroge n oxide s 

by 7 5 percen t an d carbo n dioxid e b y 1 5 percent belo w cunen t émission s standard s [12] . 

In Okojie' s wor k [14] , activ e contro l a s a  solutio n wa s proposed . Bot h températur e 

sensors an d pressure sensor s ar e considered necessary . The présence of thèse sensors wil l 

help th e contro l an d th e monitorin g o f th e healt h o f th e engine s o f th e airplanes . Th e 

problem consist s i n finding  suitabl e sensor s tha t i s no t alway s eas y fo r a  hars h 

environment lik e in a jet engine . 

1.2 Je t Engine Environmen t 

The majo r component s o f a  jet engin e ar e simila r acros s th e majo r différen t type s o f jet 

engines, although no t ai l engin e type s hâve ai l components . The majo r part s include : Ai r 

intake (Inlet) , Compresse r o r Fan , Shaft , Combusto r o r Flam e holder s o r Combustio n 

Chamber, Turbine , Afterbume r o r rehea t (chiefl y UK) , an d Nozzle . Accordin g t o thei r 

working température . Ai r intak e an d Compresso r belon g t o col d sectio n o f a  jet engine ; 

the others after combusto r belong to hot section [10] . 

For a  col d sectio n par t (lik e a n ai r intake) . th e environmen t températur e i s fro m -6 0 

degrees Celsiu s t o 7 0 degrees Celsius , therefore som e commercia l MEM S sensor s i n the 

market ar e suitabl e fo r thi s section . However , fo r a  ho t sectio n par t (lik e a  combustor) , 

the sensors should b e able to work i n a harsh environment o f 

• Hig h température up to 600 degrees Celsiu s 

• Ambien t ga s compose d o f chemicall y reactiv e specie s suc h a s oxyge n i n air , 

hydrocarbon/hydrogen i n fuel , an d catalyticall y poisonin g specie s suc h a s NO x an d 

SOx in combusfion product s [10] . 
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Figure 1. 1 Prat t & Whitney PW4084 turbofan . 

Cited from www.allstar.fiu.edu/aero/turbine2.htm l (2008 ) 

Aérospatial industr y i s on e o f th e mos t dynami c component s o f th e Québe c economy . 

CRIAQ (Consortiu m fo r Researc h an d Innovatio n i n Aerospac e i n Québec ) i s a  non -

profit consortium , establishe d wit h th e fmancia l suppor t o f Valorisation-Recherch e 

Québec (VRQ) . l e Fond s Québécoi s d e l a Recherch e su r l a Nature e t le s Technologie s 

(FQRNT), industrie s an d universities , t o promot e an d perfor m collaborativ e pre -

competitive industr y researc h project s primaril y a t universities . CRIAQ' s objective s ar e 

to increas e th e competitivenes s o f th e aerospac e industry , an d enhanc e th e collectiv e 

knowledge base in aerospace through improved éducation and training of students [15] . 

1.3 CRIAQ project 6. 2 

This researc h i s a  par t o f CRIA Q projec t 6. 2 whic h i s tified MEM S Base d Ga s Turbine s 

Control. Th e objective s o f CRIA Q projec t 6. 2 ar e to provide th e industria l partner s wit h 

http://www.allstar.fiu.edu/aero/turbine2.html


MEMS (Micr o Electr o Mechanica l Systems)-base d micr o sensor s tha t wil l enhanc e th e 

performance an d safety o f gas turbine jet engines . In particular : 

• prov e th e concep t o f MEM S base d contro l an d monitorin g System s fo r ga s je t 

engines through the intégration of existent Systems ; 

• develo p a  pressur e senso r t o measur e th e dynami c pressur e i n a  hig h températur e 

environment; 

• implemen t températur e sensor s fo r healt h monitorin g o r developnien t testin g 

purposes [15] . 

This thesi s emphasize s hig h températur e pressur e senso r packagin g becaus e th e othe r 

type sensor s whic h wil l b e applie d i n jet engin e contro l ca n b e foun d i n th e commercia l 

market. 

1.4 Hig h température MEMS pressur e senso r 

The piezoresistiv e effec t describe s a  change i n th e electrica l résistanc e o f a  material du e 

to applie d pressur e t o thi s material . Whe n a  certain pressur e applie s o n a  piezoresistiv e 

material whic h i s usuall y thi n i n orde r t o b e abl e t o sho w bi g résistanc e différence , 

déformation i s create d an d it s résistanc e changes . Thi s i s th e principl e o f piezoresistiv e 

pressure senso r which i s the most popular MEM S pressure sensor . 

Because th e piezoresistiv e pressur e senso r i s highl y températur e sensitive , th e 

température mus t b e known before th e output voltag e o f the sensor ca n b e converted t o a 

moderately accurat e pressur e reading . Fo r a  typica l piezoresistiv e pressur e sensor , th e 

piezoresistive élément s (i.e. , th e diffuse d resistors ) ar e locate d o n a n n-typ e epitaxia l 

layer of typical thicknes s 2-lOpm. Th e epitaxia l laye r i s held by a  p-type substrate . Th e 

pressure sensitiv e diaphrag m i s fonne d b y silico n back-en d bul k micromachinin g (se e 

Figure 1.1) . Fo r thi s process , anisotropi c etchant s lik e TetraMethylAmmoniu m 

Hydroxide (TMAH ) and Potassium hydroxid e (KOH) are used [16] . 
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Figure 1. 2 Piezoresistiv e pressur e sensors . 

Cited from Piezoresistiv e Pressur e and Température Sensor Cluster (2007, P. 1) 

1.5 RTCA/DO-160 

RTCA, Inc . i s a  private , not-for-profi t corporatio n tha t develop s consensus-base d 

recommendations regardin g communications , navigation , surveillance , an d ai r traffi c 

management (CNS/ATM ) Syste m issues . DO-160's titl e is Environmental Condition s an d 

Test Procédure s fo r Airbom e Equipment . I t include s standar d procédure s an d 

environmental tes t criteri a fo r testin g airbom e equipmen t fo r th e entir e spectru m o f 

aircraft fro m ligh t gênera i aviatio n aircraf t an d helicopter s throug h th e "Jumb o Jets " and 

SST catégorie s o f aircraft . Th e documen t include s 2 6 Section s an d thre e Appendices . 

Examples o f tests covered includ e vibration , powe r input , radio frequenc y susceptibility , 

lightning, an d electrostati c discharge . DO-160E i s the newest on e which supersede d DO -

160, DO-160A , DO-160B , DO-160C . an d DO-160D . DO-16 0 i s recognize d b y th e 

Intemational Organizatio n fo r Standardizatio n (ISO ) a s d e fact o intemationa l standar d 

ISO-7137 since DO-160D [17]. 



The applicafio n o f RTCA/DO-16 0 i s stric t an d expensiv e t o b e respecte d fo r MEM S 

sensor Systems ; i t also take s a  long time. This i s the reason wh y thi s standar d wil l no t b e 

applied an d conceme d i n thi s thesis . Som e test , suc h a s température variation , humidity , 

vibration, waterproofnes s an d magnetic effects , coul d be used when units are packaged . 

1.6 Summar y 

A high températur e MEM S pressur e senso r i s a  MEMS pressur e senso r whic h ca n wor k 

in a  hig h températur e environment . SiC N materia l ha s piezoresistiv e propert y eve n 

though opératio n températur e goe s mor e tha n 100 0 ° C (th e researcher s o f Concordi a 

University di d som e tests) . I n this research , the sensor shoul d wor k insid e th e ho t sectio n 

of a  jet engine . Workin g i n suc h a  hosfil e environmen t i s a  bi g challeng e fo r a  MEM S 

pressure sensor . Bot h materia l an d packagin g coul d caus e problem s t o conventiona l 

semiconductor pressur e sensors . I n th e nex t chapters , hig h températur e MEM S pressur e 

sensor packaging wil l be discussed i n depth. 



CHAPTER 2 

HIGH TEMPERATURE MEM S PACKAGIN G 

2.1 Introductio n 

In this chapter , différen t point s wil l be considered. I t is desired to know wha t the proble m 

in the high température packaging i s and ho w to choose suitabl e material s fo r packaging . 

Some candidat e materials ' characterisfic s fo r senso r chip and senso r chip dimension s ar e 

to b e found . Th e choic e o f som e candidat e material s fo r constrain t bas e an d th e 

comparison o f som e adhesive s tha t coul d b e use d fo r di e bondin g an d sealin g a t hig h 

température need also to be determined. The electrical attachment material s and the effec t 

of hig h températur e o n bonde d wire s ar e ver y importan t fo r th e reliabilit y o f th e 

component. Finally , a  suitable housin g materia l tha t could be compatible wit h the therma l 

expansion characteristi c o f the other parts i s needed. 

2.2 Hig h température packaging considératio n 

The mos t décisiv e issue s i n designin g MEM S package s fo r hig h températur e an d hars h 

environment ar e 

• therma l stresse s cause d b y th e therma l expansio n mismatche s betwee n varion s 

package éléments including substrates , dies, adhesives, etc., 

• therma l shoc k résistanc e induce d b y environmen t températur e changin g durin g 

MEMS operafion , 

• hea t dissipatio n t o kee p th e températur e simila r insid e th e packag e an d reduc e 

thermal expansio n mismatches . 

Material propertie s ca n significantl y affec t ho w wel l th e packag e ca n mee t th e 

requirements, i n fac t the y ca n detemiin e whethe r th e MEM S component s fai l o r wor k 

properly. Material s fo r hig h températur e an d harsh  environmen t MEM S packagin g 

should be selected accordin g to the following criteria . 
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Thermomechanical compatibility : Therma l expansio n différence s betwee n th e di e an d 

the substrat e a s wel l a s betwee n th e différen t packagin g component s brin g therma l 

stresses t o th e MEM S package . Thos e stresse s ca n brea k th e packag e o r th e MEMS . I n 

order t o solv e thi s problem , th e therma l expansio n mismatc h betwee n th e die . th e 

substrate, an d othe r packagin g component s shoul d b e smal l enoug h a t ai l température s 

from requirement . Therma l expansio n mismatc h ma y rise with température and can mak e 

the themia l stres s problem worse . Fo r this reason , ai l the packaging componen t material s 

in a package should hâve similar coefficient o f thermal expansion i n ail températures . 

Thermal conductivity : Package thermal résistance must be very low in order to dissipat e 

heat an d kee p th e températur e simila r insid e package . Packagin g component s suc h a s 

substrate, metallization , an d di e attach themia l conductivitie s mus t b e high enoug h i n ai l 

operating températures . In this research, MEMS die does not create heat and environmen t 

température doe s no t chang e ver y fas t i n a n engine , therefor e no t ver y hig h therma l 

conductivity materia l lik e SiCN i s also considered a s packaging material . 

Thermal shoc k résistance : Packag e component s shoul d hâv e hig h therma l shoc k 

résistance (paramete r R ) t o avoi d therma l MEM S physica l o r functiona l failure s cause d 

by therma l stresse s durin g environmen t températur e changing . Th e therma l shoc k 

parameter (R ) is defined b y 

R =  —^ ^  (1 ) 
aE 

where v  i s Poisson's ratio, a  i s coefficient o f thermal expansion , o  i s strength. and E is 

elastic modulus (o r Young's modulus) [18] . 

Chemical compatibility : An y packagin g componen t shoul d no t reac t wit h th e di e an d 

both packagin g component s durin g packagin g process . Packagin g component s shoul d 

also confront je t engine conosive gas . 
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Hermeticity: Th e packag e shoul d hâv e atmospheri c integrit y t o kee p cavit y t o measur e 

pressure. 

Simplicity, size , an d weight : The whol e packag e shoul d b e simpl e enoug h t o b e able t o 

be fabricated , smal l i n size , an d lightweigh t fo r aircraf t applications . Th e di e ma y hâv e 

the dimension s i n the order o f micrometers . bu t whol e package dimension s ma y b e u p to 

several centimeters . 

Metallization: Metallizatio n shoul d no t reac t wit h th e di e an d th e substrat e a t assembl y 

and servic e températures . Electr o migratio n o f conductor s mus t b e prevente d o r 

minimized t o preven t failure s b y shorting . Th e températur e coefficien t o f résistanc e 

should b e as small a s possible within the intended température range [18] . 

2.3 Hig h température sensor chip 

Conventional silico n semiconducto r MEM S sensor s ar e easil y fabricate d becaus e silico n 

techniques ar e mature in the IC and MEM S industry . Pressur e sensor s increasingl y suffe r 

from instabilit y an d failur e whe n th e opératio n i s extende d t o hig h en d o f thei r 

température range . Th e reason s includ e dégradatio n o f metal/semiconducto r electrica l 

contacts an d weakenin g o f bon d wire s du e t o temperature-drive n intermetalli c diffusio n 

(for th e silico n technique , generall y i s under 30 0 degree Celsius) . Thus, high températur e 

MEMS System s nee d t o b e constructe d fro m som e différen t materials , includin g 

ceramics. Severa l ceramics " propertie s suc h a s mechanica l robustness , chemica l 

inertness. an d electrica l stabilit y mak e the m highl y suitabl e fo r hig h températur e hars h 

environment MEM S applicafions [19] . Silico n carbide (SiC ) is the most popular material , 

but silico n carbid e nitrid e (SiCN ) i s chosen t o be develope d a t Concordi a Universit y fo r 

CRIAQ projec t 6.2 . 
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2.3.1 SiC N 

Silicon CarboNitrid e (SiCN ) i s a mechanically, chemicall y an d thermally robus t polyme r 

derived cerami c material . whic h ha s no t only . bu t als o possesse s functiona l properties . 

This propert y yield s SiC N a s a n excellen t choic e fo r senso r application s i n hig h 

températures with harsh chemica l conditions . 

SiCN i s a  récen t developnien t i n th e cerami c materials , whic h boast s outstandin g 

mechanical robustness , excellen t oxidation-resistanc e an d semi-conducfivit y afte r 

annealing hea t treatment . SiC N ceramic s ca n b e fabricate d fro m photo-sensitiv e liqui d 

precursor mixtur e usin g ligh t energ y suc h a s lase r an d U V ligh t t o cur e int o a  soli d 

polymer, an d the n hea t treate d t o transfor m int o SiC N ceramics . Thi s Polyme r Derive d 

Ceramic (PDC ) fabricatio n approac h wit h U V ligh t o r lase r enable s fabricatio n o f SiC N 

that i s muc h lik e th e fabricatio n o f microsystems , usin g technique s suc h a s U V 

lithography, micro-moldin g an d stereo-lithograph y [20] . Figur e 2.1 , Figur e 2. 2 an d 

Figure 2. 3 sho w characteristic s o f thre e différen t commercia l SiC N material s (NCP200 . 

T2-1 andVT50)[21] . 
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Figure 2.3 Spécifi e hea t of 3 commercial SiCN . 

Cited from Thermochemistr y an d Constitution o f Precursor-Derived Si-(B-)C- N 

Ceramics (2002 , P. 110) 

2,3.2 Si N 

Silicon nitrid e (SiN ) i s a hard , soli d substance , whic h ca n b e obtaine d b y direc t reactio n 

between silico n an d nitroge n a t high températures . 'Th e materia l i s dark gra y to black i n 

color and ca n be polished t o a very smoot h reflectiv e surface , givin g parts wit h a  strikin g 

appearance. I t is an electrical insulato r an d i s not wet by nonfenous alloys . Silicon nitrid e 

is a  rather expensive material , but it' s performance t o cost benefi t rati o i s excellent i n the 

applications wher e i t ca n outperfor m th e normall y utilize d material s wit h lon g lif e an d 

very reliable low maintenance opération' [22] . 

In microelectroni c technology , silico n nitrid e i s usuall y forme d usin g chemica l vapo r 

déposition (CVD ) method , o r on e o f it s variants , suc h a s plasma-enhance d chemica l 



vapor dépositio n (PECVD) . I t i s usuall y use d eithe r a s a n insulato r laye r t o electricall y 

isolate différent structure s o r as an etch mas k i n bulk micromachining . 

2.3.3 Si c 

"Silicon Carbid e i s the onl y chemica l compoun d o f carbon an d silicon . Th e materia l ha s 

been develope d int o a  hig h qualit y technica l grad e cerami c wit h ver y goo d niechanica l 

properties. I t is used i n abrasives, refractories, ceramics , and numerous high-performanc e 

applications. Th e materia l ca n als o b e mad e a n electrica l conducto r an d ha s application s 

in résistanc e heating , fiame  igniter s an d electroni c components . Structura l an d wea r 

applications are constantly developing ' [23] . 

'Silicon carbide i s composed o f tetrahedral o f carbon an d silicon atoms with strong bond s 

in the crysta l lattice . This produce s a  very hard an d stron g material . Silico n carbide i s not 

attacked by any acids or alkalis or niolten salts up to 800°C. In air, SiC forms a  protective 

silicon oxid e coafin g a t 1200° C an d i s abl e t o b e use d u p t o 1600°C . Th e hig h therma l 

conductivity couple d wit h lo w therma l expansio n an d hig h strengt h give s thi s materia l 

exceptional therma l shoc k résistan t qualities . Silico n carbid e ceramic s wit h littl e o r n o 

grain boundar y impuritie s maintai n thei r strengt h to very high températures , approachin g 

1600°C wit h n o strengt h loss . Chemica l purity , résistanc e t o chemica l attac k a t 

température, an d strengt h rétentio n a t hig h température s ha s mad e thi s materia l ver y 

popular as wafer tray  support s and paddles in semiconductor ftimaces'  [23] . 

Silicon carbid e (SiC ) i s an attractiv e materia l fo r high-temperatur e application s becaus e 

of it s mechanica l robustness , chemica l inertness , an d electrica l stabilit y a t elevate d 

températures. I t ha s bette r hig h températur e characteristic s tha n silico n an d GaA s 

material (se e Tabl e 2.r)[24] . Tabl e 2. 1 i s presente d i n 1993 , som e dat a hâv e bee n 

changed suc h a s silico n materia l maximu m wor k températur e i s mor e tha n 300° C an d 

Sic materia l ca n work up to 600°C. Figure 2.4 shows some SiC properties . 
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Table 2.1 

Comparison o f semiconductor material s 

(Cited fro m Advance s in silicon carbide device processing and substrat e fabricatio n fo r 
high power microwave an d high température electronics, 1993 ) 

Property 

Band ga p 

Max. Temp. 

Thermal Conductivit y (a ) 

Breakdown Fiel d (Eb) 

Elect. Mob. @ 10"cm-3(p) 

Saturated Elec . Vel. (Vsat) 

Dielectric Constan t 

Figure of Merit 

Silicon 

1.1 

150 

1.5 

0.3 

800 

1.0 

11.8 

1 

GaAs 

1.4 

200 

0.5 

0.3 

4800 

0.6 

128 

7.8 

Sic 
2.9 

500 

5 

3 

260 

2.5 

9.7 

152 

Units 

eV 

°C 

W/cm°C 

lOV/ctn 

crri'N se c 

10'cm/sec 

Sic 

-100 0  10 0 20 0 30 0 40 0 50 0 60 0 70 0 800 

Température (C) 

-»—CTE (10-6/C ) 
" » Young' s modulu s (GPa ) 

Figure 2.4 Si C material propertie s with température . 
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Récent pressur e senso r researche s concentrat e o n silico n carbid e material . Som e Si C 

high-temperature pressur e sensor s hâv e bee n proposed , designe d an d implemente d t o 

work i n th e 600° C environment , suc h a s piezoresisfiv e pressur e sensor s [25 ] an d 

capacifive pressur e sensor s [26]. 

2.3.4 Shap e and size of sensor chips 

Commercial piezoresistiv e pressur e senso r chip s ar e usuall y cuboid , bu t cylinde r i s 

possible an d th e siz e o f a  senso r chi p usuall y varie s fro m 2m m an d mor e i n lengt h t o 

0.1 mm i n the diameter. The strain gauge déterminâtes the minimum siz e of a chip. 

2.4 Constrain t bas e (packaging substrate ) 

The basi c functio n o f the packaging substrat e i s to provide a  framework fo r attachin g th e 

device die , metallizatio n fo r electrica l interconnectio n (such  a s wirebond) , mountin g th e 

leads Connecting the chip to the extemal environment , buildin g nonelectrical signa l paths , 

mechanical an d possibl y als o electromagneti c shielding . Plastic/polymer-typ e material s 

are no t suitabl e fo r 500° C opératio n becaus e o f meltin g an d depolymerizatio n a t 

températures above 350°C . 

Most méta l an d alloy materials suffe r severel y fro m conosion , especially , fro m oxidafio n 

at températures approaching 500° C i n air [27] . So the remaining materia l syste m suitabl e 

for substrat e i s ceramics , whic h meet s th e basi c requirement s fo r a  substrate : excellen t 

stable chemica l an d electrica l propertie s i n a  harsh  environment , especiall y a t hig h 

températures an d corrosiv e ga s ambience . Afte r selectin g th e substrat e material , a 

metallization schem e (bot h material s an d processing ) an d associate d sealin g material s 

matching th e substrat e materia l mus t b e identified o r developed simultaneously . I n orde r 

to reduc e th e therma l stres s o f th e die-attach , th e CT E o f th e substrat e materia l mus t 

match tha t o f th e devic e materia l (suc h a s SiC) . Th e propertie s o f substrat e surfac e an d 

the interfaces forme d a t high température with other packaging materials , such a s the die-
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attach material , als o becom e ver y important . A t hig h températures , th e surface s o f som e 

ceramics (nitride s an d carbides ) gradua i 1 y reac t wit h ga s ambience . suc h a s oxyge n an d 

water vapor , an d therefor e woul d lea d to changes i n properties suc h a s surface resistivit y 

and surfac e adhesiveness . Concem s suc h a s thès e regardin g th e surfac e propertie s o f 

"well-known" ceramic material s i n high-temperature corrosiv e ga s ambience ma y lea d t o 

valuable result s fro m researc h int o packagin g material s fo r high-temperatur e MEM S 

[27]. 

Sic an d SiC N material s als o coul d b e constrain t bas e material , bu t the y ar e describe d i n 

the section earlier , so they are not mentioned i n this section . 

2.4.1 AI N 

'Aluminum nitrid e (AIN ) i s stable a t very hig h température s i n iner t atmosphères . I n air , 

AIN surfac e oxidatio n occur s abov e 700°C , and eve n a t room température , surfac e oxid e 

layers o f 5-1 0 n m hâv e bee n detected . Abov e thi s températur e bul k oxidatio n occurs . 

Aluminum nitrid e i s stabl e i n hydroge n an d carbo n dioxid e atmosphère s u p t o 980°C . 

The materia l dissolve s slowl y i n minera i acid s throug h grai n boundar y attack , an d i n 

strong alkali s throug h attac k o n th e aluminu m nitrid e grains . Th e materia l hydrolyze s 

slowly i n water. Aluminum nitrid e i s résistant t o attack fro m mos t molte n salt s includin g 

chlorides and cryolite ' [28] . 

Metallization method s ar e availabl e t o allo w AI N t o b e use d i n electronic s application s 

similar to those of alumina and BeO. 

A surve y o f cunen t packagin g materials , sugges t tha t aluminum nitrid e (AIN ) i s an idéa l 

candidate fo r packaging [29] . Figure 2.5 shows AIN CTE property . 
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Figure 2.5 AI N material CTE properties . 

Aluminum oxid e i s an amphoteri c oxid e o f aluminum wit h the chemica l formul a AI2O3 . 

It i s als o commonl y refene d t o a s alumin a i n the mining , cerami c an d material s scienc e 

communities. 

Aluminum oxid e i s an electrica l insulato r bu t ha s a  relatively hig h therma l conductivity . 

In it s mos t commonl y occunin g i n crystallin e form , calle d comndu m o r a-aluminu m 

oxide, it s hardness makes i t suitable fo r use a s an abrasive an d as a component i n cutting 

tools. 

'Alpha phas e alumin a i s th e stronges t an d stiffes t o f th e oxid e ceramics . It s hig h 

hardness, excellen t dielectri c properties , refractoriness an d good therma l propertie s mak e 

it the material o f choice for a  wide range of applications. 
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High purit y alumin a i s usable i n both oxidizin g an d reducin g atmosphère s t o 1925°C . I t 

resists attac k b y ai l gase s excep t we t fluorine  an d i s résistan t t o ai l commo n reagent s 

except hydrofluori c aci d an d phosphori c acid . Elevate d températur e attac k occur s i n th e 

présence of alkali métal vapors particularly a t lower purity levels . 

The compositio n o f th e cerami c bod y ca n b e change d t o enhanc e particula r désirabl e 

material characteristics . A n exampl e woul d b e addition s o f chrom e oxid e o r manganès e 

oxide to improve hardnes s and change color . Other additions can be made to improve the 

ease an d consistenc y o f méta l films  fire d t o th e cerami c fo r subséquen t braze d an d 

soldered assembly ' [30] . 

Figure 2.6 shows 96% alumina properties . 
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Figure 2.6 96 % alumina properties . 
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2.5 Di e bonding and sealin g 

'An idéa l die-attaching materia l suitabl e fo r us e i n a wide température range i s a need fo r 

innovative material s t o packag e harsh-environmen t MEM S devices . I n additio n t o th e 

superior chemica l an d electrica l stabilitie s a t hig h température s an d i n a  conosiv e 

environment, th e die-attachin g material s mus t posses s goo d therma l an d electrica l 

conductivity, uniqu e feature s o f metallic material ; meanwhile, the CTE of such a material 

should matc h thos e o f th e di e an d th e cerami c substrate . Ideally , i f th e CT E o f th e 

substrate slightl y mismatche s tha t o f th e die , th e die-attac h materia l shoul d b e abl e t o 

compensate th e CT E mismatc h betwee n th e di e an d th e substrate . A  materia l wit h lo w 

Young's modulus and nanow elasti c région certainly would help to absorb thermal strain , 

thus reducin g th e stresse s i n th e di e an d th e substrate . However , thi s woul d reduc e th e 

lifetime o f the die-attac h materia l par t i n a  dynamic therma l environmen t becaus e o f th e 

accumulated permanen t strain . 

The basi c purpos e o f hermeti c sealin g i s t o creat e an d maintai n a  stabl e an d sometime s 

inert ambienc e fo r th e package d device . Thi s simpl e functio n a t lo w (room ) températur e 

is difficul t t o achiev e a t température s approachin g 60 0 degree s Celsiu s because , first , a t 

such hig h température s mos t sof t o r flexible  sealin g material s suc h a s plastic/polymer -

based material s ca n n o longe r operate ; second , sealin g ver y ofte n applie s betwee n 

différent materials . Th e CT E mismatche s o f thès e material s mak e hermeti c sealin g 

difficult ove r a  wid e températur e range , especiall y unde r therma l cyclin g condition . 

Third, hig h température s activat e an d significantl y promot e therma l processe s suc h a s 

diffusion an d degassin g a t materia l surfaces , thu s i t become s difficul t t o maintai n a n 

ambience i n a  smal l enclosur e b y sealing . Therefore , i t i s expecte d tha t créativ e sealin g 

concepts ar e necessar y t o mee t th e requirement s fo r packagin g man y hig h températur e 

MEMS devices ' [7] . 

Adhesive i s ke y materia l fo r th e di e bondin g an d sealing . Hig h températur e Epoxy ha s a 

315°C (600°F) limi t and its strength reduce s while environment température increases . 
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Pyrex (Borosilicat e glass ) ha s a  therma l expansio n coefficien t abou t one-thir d tha t o f 

ordinary glass . Thi s reduce s materia l stresse s cause d b y températur e gradients , thu s 

making i t mor e résistan t t o breaking . Pyre x begin s t o softe n a t 82 1 ° C (151 0 °F) ; a t thi s 

température, th e viscosit y o f Pyrex' ® Bran d 774 0 Pyre x i s 10.7 6 Pa s (107. 6 poise) . 

Pyrex i s less dense than ordinary glass . 

Adhesive material s use d i n a n aircraf t nee d t o withstan d lo w (-55°C) , a s well  a s hig h 

(600°C) températures . However , ther e ar e fe w adhesive s suitabl e fo r th e whol e 

température range . " A solutio n woul d b e a  materia l wit h a  combinatio n o f a  low -

temperature adhesiv e an d a  high-temperature adhesive , calle d a  mixed-adhesive joint . I n 

a bonde d joint , th e therma l stresse s ar e generate d essentiall y b y th e différen t therma l 

expansion propertie s o f th e adhesiv e an d th e adhérent s and , t o a  lesse r extent , b y th e 

shrinkage o f the adhesive produced b y curing. The case of a mixed-adhesive joint i s more 

complicated becaus e ther e ar e two adhesive s wit h différen t glas s transition température s 

(Tg). T o détermin e th e stress-fre e températur e i n a  mixe d adhesiv e joint , sandwic h 

spécimen o f aluminum-adhesive-CFR P (Carbon-Fibre-Reinforce d Plastic ) wer e 

fabricated an d the thermal strain s were measured wit h strai n gauges . In a mixed adhesiv e 

joint, tw o stress-fre e température s wer e found : th e stress-fre e températur e o f th e hig h 

température adhesive, which i s its cure température, and the stress-free températur e of the 

low températur e adhesive , whic h i s it s transition température ' [31] . Th e onl y proble m i s 

that glas s materia l cur e températur e i s to o high , whic h ma y destro y th e senso r chi p o r 

package during die bonding and sealing process. 

Aluminum compoun d materia l adhesiv e also shows high température ability. An exampl e 

of aluminu m compoun d i s Durabon d 95 0 fro m Cotronic s Corporatio n [32] . Durabon d 

950 Adhesiv e i s speciall y formulate d t o bon d metals , ceramic s an d dissimila r material s 

for us e t o 731° C (1200°F) . Epox y adhesive s ar e liniite d t o 315° C (600°F) . los e strengt h 

at elevate d température s an d wil l star t t o thermally décompose . Silicon e base d material s 

are designe d fo r sealin g application s an d no t suite d fo r structura l bond s a t hig h 
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températures. Durabond i s a metallic cerami c composite an d can no t soften o r décompose 

at température s u p t o 731° C (1200°F) . Durabon d adhesiv e contain s n o Epoxie s o r 

Silicones which would limi t their use to 315°C (600°F) . 

This adhesiv e wa s develope d fo r hig h strength , hig h températur e bonding . I t i s eas y t o 

apply an d cure s a t lo w température . Thi s metalli c composit e adhesiv e offer s som e o f the 

ductility an d impac t résistance associated wit h solderin g and welding. Durabond adhesiv e 

can b e drilled , tapped , machined , etc . I t i s easily machinabl e an d ca n b e ground , sande d 

or polished, so it niight be used to wafer-to-wafer bonding . 

2.6 Wir e bondin g 

Harsh-environment MEM S packagin g offer s ne w challenge s t o th e devic e packagin g 

field. Discussion s o n th e basi c requirement s o f propertie s o f th e material s necessar y fo r 

packaging harsh-environmen t MEM S ar e followe d t o a n electrica l interconnectio n 

System tha t i s base d o n a  cerami c substrat e an d thick-fil m metallization . wit h a 

compatible conductiv e die-attac h schem e fo r chip-leve l packagin g o f low-power , harsh -

environment MEM S devices [7]. 

2.6.1 Electrica l attachmen t material s 

2.6.1.1 Nicke l (Ni ) 

Nickel i s a  silver y whit e méta l tha t take s o n a  hig h polish . I t belong s t o th e transitio n 

metals, and i s hard an d ductile . I t occurs most usuall y i n combination with sulfur an d iro n 

in pentlandite , wit h sulfu r i n millerite , wit h arseni c i n th e minera i nickeline , an d wit h 

arsenic an d sulfu r i n nickel glance . Melting point of nickel i s 145 5 degrees Celsius [33] . 



2.6.1.2 Gol d (Au ) 

Gold i s a  goo d conducto r o f hea t an d electricity , an d i s no t affecte d b y ai r an d mos t 

reagents. Heat , moisture , oxygen , an d mos t conosiv e agent s hâv e ver y littl e chemica l 

effect o n gold , makin g i t well-suite d fo r us e i n coin s an d jewelry; conversely , halogen s 

will chemicall y alte r gold , an d aqu a regi a dissolve s i t vi a formatio n o f th e chloraurat e 

ion [33] . Some properties of gold [7 ] are given in Figure 2.7. 
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Figure 2.7 A u material properties . 

2.6.1.3 Platinu m (Pt ) 

Platinum i s a chemical élémen t in the periodic table that has the atomic symbo l P t and a n 

atomic numbe r o f 78 . A heavy, malléable , ductile , precious , grey-whit e transitio n métal , 

platinum i s résistan t t o conosio n an d occur s i n som e nicke l an d coppe r ore s alon g wit h 

some nativ e deposits . Platinu m i s use d i n jewellery , laborator y equipment ; electrica l 

contacts, dentistry. and automobile émissions control devices . 
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Platinum possesse s hig h résistanc e t o chemica l attack , excellen t high-temperatur e 

characteristics, an d stabl e electrica l properties . A U thèse propertie s hâv e bee n exploite d 

for industria l applications . Platinum doe s not oxidize i n air at any température, but can b e 

conoded b y cyanides . halogens , sulfur , an d causti c alkalis . Thi s méta l i s insolubl e i n 

hydrochloric an d nitri c acid , bu t doe s dissolv e i n th e mixtur e know n a s aqu a regi a 

(forming chloroplafini c acid) . Commo n oxidatio n state s o f platinum includ e +2 , an d +4 . 

The + 1 an d + 3 oxidatio n state s ar e les s common , an d ar e ofte n stabilize d b y méta l 

bonding in bimetallic (o r polymetallic) specie s [34]. 

Although ove r 80 % o f package s ar e wir e bonded , wir e bondin g techniqu e ha s som e 

problem fo r the high température packaging. An investigation o f aluminum an d gold wir e 

bonding processes fo r hig h température electronics indicate s ultrasonic wir e bonding o f 8 

and 1 5 mi l aluminu m wir e an d 3  mi l gol d wir e o n varion s metallize d substrates . 

Aluminum wir e bond s t o nickel-plated aluminu m nitrid e (AIN ) and silico n nitrid e (SiN ) 

substrates wer e thermall y cycle d betwee n -5 5 °C  and 40 0 °C , an d gol d wire s bonde d t o 

gold-coated AIN and Si N substrates were thermally cycle d between -5 5 °C and 50 0 °C. In 

Mustain's wor k [35] , the themial cyclin g was accomplished accordin g to MIL-STD-883 E 

criteria. A n environmenta l scannin g électro n microscop e (ESEM ) wa s use d t o examin e 

the wire/pa d an d pad/substrat e interfac e area s before an d afte r th e thermal cycling . Afte r 

themial cyclin g [35] , th e sample s wer e subjecte d t o destructiv e pul l testin g a t roo m 

température. Th e result s o f th e testin g reveale d n o significan t dégradatio n o f th e bond s 

after therma l cycling . Th e result s o f A l wir e bondin g an d A u wir e bondin g fo r hig h 

température packaging ar e introduced a s followings . 

2.6.2 Aluminu m wire bondin g -55 to 400 °C 

Figure 2. 8 show s nicke l metallizafio n o n standar d DB C (AIN ) an d Si N substrate s wit h 

aluminum wir e bonds a t elevated températures . 8  and 1 5 mil Al wires were bonded t o Ni-

coated bonding pads using conventional ultrasoni c wir e bonding. 
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'SEM an d ED X analyse s sho w som e surfac e contaminatio n a t th e wire/pa d area s afte r 

thermal cycling . Followin g thermal cyclin g betwee n -55°C an d 400 °C , the nickel-plate d 

layer containin g nicke l phosphid e break s dow n int o nicke l an d phosphorous . Th e 

phosphorous the n appear s o n th e surfac e a s contamination . Destructiv e pul l tes t result s 

show tha t th e pul l strengt h o f th e aluminu m wir e bond s exceede d MI L standar d pul l 

strengths. SE M an d ED X analyse s o f th e substrat e régio n beneat h th e bon d reveale d n o 

cratering problem s wit h the nickel-plated AI N substrates . However , fo r th e nickel-plate d 

SiN substrates , cratering was observed' [35] . 

cc.V Spo t Mag n De t W D Ex p 
10.0 kV 3.0 16 x S E 36. 8 2 8 D151 2 

Figure 2.8 1 5 mil Al wires ultrasonically bonded to a Ni plated bon d pad. 

Cited from IEE E Electronic Components and Technology Conférence (2005 , P. 1625 ) 

2.6.3 Gol d wire bonding -55 to 500 °C 

Three mi l gol d wire s wer e bonde d t o A u pad s o n gol d plate d AI N an d Si N substrate s 

using conventiona l thermosoni c wir e bonding . SE M an d ED X analyse s wer e performe d 

before an d afte r therma l cyclin g test . Ther e wa s n o significan t différenc e betwee n th e 

EDX spectra before an d after therma l tes t [35] . 
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SEM an d ED X o f th e substrat e régio n beneat h th e bond s di d no t revea l an y craterin g 

problems wit h gold-plate d AI N an d Si N substrates . Figur e 2. 9 show s a  3mi l gol d wir e 

bonging on an Au plated AIN substrate . 

Figure 2.9 3mi l gold wire bonding on Au plated AIN substrate . 

Cited from IEE E Electronic Component s and Technology Conférenc e (2005 , P. 1627 ) 

2.6.4 Platinu m wire bondin g 

Obviously, platinu m wir e ha s bette r hig h températur e stabilit y tha n gold , bu t onl y fe w 

platinum wire s bondin g ha s don c i n th e laboratory . A s a n example , a n applicatio n o f 

parallel-gap weldin g fo r bondin g 5-mi l anneale d P t wir e t o a  500 0 A-P t pa d (wit h a n 

underlying bas e o f Ti , MO , an d W ) sputte r deposite d o n a  sapphir e substrat e ha s bee n 

systematically examine d b y Fendrock . 'Optimu m bondin g parameters - force , voltage , 

duration, gap , an d électrod e width-hav e bee n develope d fo r Cu-C r an d MO-Carbid e 

électrodes which attain bond pul l strength s approachin g the tensile strength o f the Pt wir e 

without sapphir e substrat e microcracking . Th e MO-Carbid e électrode s produced stronge r 
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bonds with les s oxidation an d pitting , and exhibited les s electrode-wire adhésion than th e 

Cu-Cr électrodes ' [36] . 

2.7 Housin g 

Materials usefu l fo r packagin g electroni c component s usuall y exhibi t certai n properties . 

For example , th e packagin g materia l shoul d provid e dissipatio n o f stati c electricit y an d 

shielding fro m stati c discharge s an d electri c fields  tha t ma y b e generated , e.g. , whe n th e 

electronic component moves inside the package or when the packaging material i s rubbed 

against othe r materials . Th e packagin g materia l shoul d protec t itsel f fro m oute r 

environment physica l damag e and mak e itsel f be installed easily . The packaging materia l 

should als o functio n a s a  banie r agains t moistur e vapo r an d oxyge n t o protec t th e 

electronic componen t fro m dégradatio n whil e i t i s bein g stored . Housin g i s a  wa y o f 

packaging electroni c components . 

In hig h températur e packagin g application , housin g cove r material s ar e usuall y metals , 

alloys an d ceramics . As an example, Kova r i s a nickel-cobalt fenou s alloy . I t is designe d 

to be compatible wit h the thermal expansio n characteristi c o f sealing to borosilicate glass . 

Its composition i s typically 29 % nickel. 17 % cobalt , 0.2% ) silicon , 0.3%  manganèse , an d 

53.5%) iron (by weight) [37] . Melting point of Kovar is 1450 degrees Celsius . 

2.8 Signa l cabl e 

Dacon System s Inc . produce s som e hig h températur e signa l cable s whic h coul d b e use d 

as connection betwee n senso r packages and an aircraft contro l system . The wires of thèse 

cables us e nicke l o r nicke l alloy s a s conductor , an d insulate d b y mica typ e o r fiberglass . 

Thèse cables can work up to 120 0 degrees Celsius [38] . 
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2.9 Summar y 

In thi s chapter , th e particularit y o f hig h températur e MEM S senso r packagin g i s 

discussed. Hig h therma l conductivity , thermomechanica l compafibility , hig h therma l 

shock résistance , hig h strengt h an d hig h chemica l compatibilit y ar e requeste d fo r hig h 

température applications . Som e suitabl e material s ar e introduced . Senso r chi p fo r hig h 

température applicatio n ar e usually fabricate d b y SiC , SiCN an d SiN . In this study . AIN, 

Alumina an d SiC N ar e chose n t o mak e packagin g substrate . Epox y i s no t a  suitabl e di e 

attach materia l fo r hig h températur e applications . Cotronic s ha s som e ceramic-base d 

adhesives whic h ca n bon d metal s an d ceramics . Wir e bondin g an d electrica l attachmen t 

are also discussed . Aluminum wir e can not pass destructive pul l test after therma l cyclin g 

between -55°C an d 400°C. Gold wir e i s much bette r than aluminum wir e and ther e i s no 

significant différenc e betwee n befor e an d afte r therma l cyclin g betwee n -55° C an d 

500°C. Platinu m wir e ha s bette r hig h températur e stabilit y tha n gold . Bu t Platinu m wir e 

bonding whic h ca n satisf y 600° C engin e environmen t applicafion s i s rarel y use d i n th e 

industry. Kova r allo y ha s simila r themia l expansio n characteristi c tha n othe r hig h 

température packagin g materials . S o i t become s mor e suitabl e housin g materia l tha n 

stainless steel . 



CHAPTER3 

HIGH TEMPERATUR E PRESSUR E SENSO R PACKAGING SOLUTION S 

3.1 Introductio n 

In thi s chapter , différen t point s wil l b e considered , suc h as : packaging strateg y (t o kno w 

exactly wha t type of design an d simulatio n wil l be performed), metallizatio n (t o choose a 

technique t o prépar e méta l pad) , substrat e (t o prépar e th e substrat e befor e attachin g th e 

chip), di e bondin g an d sealin g (t o choos e a n adhesiv e t o bond di e an d substrate , sea l th e 

cavity inside) , wir e bondin g (t o décide wha t kin d o f wire wil l b e used ) an d flip  chi p (t o 

choose a  material t o connect di e and substrate) . 

Ail th e packaging solution s i n this chapte r wil l b e presented b y two designe d prototypes . 

Sensor chi p shoul d b e complcte d befor e packaging . Si C materia l senso r chi p fabricatio n 

is like S i material, and SiC N materia l chip has différent proces s [39]. 

3.2 Designe d prototyp e 1  (conventional packag e prototype ) 

This method dérivâte s from mos t MEM S pressur e sensor package (tha t i s why i t i s called 

conventional packag e method) . Th e ide a fo r thi s metho d i s to sélec t prope r material s t o 

package. Th e designe d prototyp e consiste d o f a  pressur e senso r di e mounte d o n a 

substrate (i.e . constraint base) . The die could b e Si C o r SiCN an d i t attaches to a  ceramic 

substrate (i t coul d b e AIN , AlO a o r SiCN ) b y usin g adhesive s (AI2O3) . A  schemati c 

model o f this prototype i s shown i n Figure 3.1 . 
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Figure 3.1 Side  view o f prototype 1  (conventional packag e prototype) . 
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Figure 3.2 To p view o f prototype 1  (conventional packag e prototype) . 

A schematic diagram of the prototype 1  fabrication processe s is shown in Figure 3.3. 



Die Préparation Substrate Préparation 

Die Bonding 

Figure 3.3 Prototyp e 1  fabricatio n flo w chart . 

3.2.1 Di e préparation 

Before ai l th e packagin g processes , metallizatio n o f a  di e shoul d b e don c wit h 3  layer s 

structure. 

Cu metallizatio n tes t fo r Si C an d SiC N wer e don e a t u p t o 275° C [40] . Thi s thesi s 

recommends a  method whic h adopt s T i a s adhésio n laye r material , P t a s isolatio n laye r 

material, and A u as solderable laye r material . A schemafic diagra m o f the metallization i s 

shown i n Figure 3.4 . 

After wafe r mountin g i n th e set-up , wafe r dicin g an d wafe r cleaning , th e di e o f thi s 

prototype i s 2.4 m m X 2.4 mm X  0.5 m m i n size with a  hollow coboi d are a o f 1. 8 mm X 

1.8 m m an d 0.4 8 m m heigh t unde r th e membrane . Th e membran e i s 20 p m i n thickness . 

Because th e rea l di e fo r thi s projec t (whic h i s no t availabl e fo r now ) probabl y ma y 

be dow n t o 0. 2 -0.3 mm, some smaller models hâve also been simulated i n chapter 5 . 
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Solderable laye r Au 1000 A 

Isolation laye r P t 10000 A 

Adhésion layer Ti 1000 A 

Sensor chi p 

Figure 3.4 Sid e view o f metallization sketch . 

3.2.1.1 Si C Metallizatio n 

Ti/Pt/Au Syste m metallizafio n i s matur e i n th e industr y [41] . I n 1990 , Drost' s wor k 

presented a  Ti/Pt/Au syste m by using electroplating and photolithographic process . 

The stabilit y o f méta l layer s o n semiconductor s i s a  ke y issu e fo r th e devic e electrica l 

performances. A  SiC/Ti/Pt/Au Syste m was investigated usin g storage steady-stress testing , 

AES (Auge r Electro n Spectrometry) , an d SIM S (Secondar y Ion s Mas s Spectrometry ) 

analysis b y Sozz a [42] . Auger an d SIM S analysi s showe d importan t modification s i n the 

three-metal stmctur e withou t reaction s wit h the Si C substrate . The résistance dégradation 

was assigned to interdiffusion phenomen a [42] . 

'Sozza's work underline s th e importan t modification s i n the tri-metal structur e Ti-Pt-A u 

deposited on SiC during high-temperature long-ter m annealing. The résistance changes o f 

the stmctur e wer e studie d usin g stead y stat e lif e curve s an d th e calculatio n give s 

acfivafion energ y o f nearly 1. 1 eV . A MTF (Mean Tim e to Failure) value o f 0.45 x  10 5 h 

at 15 0 °C was obtained fo r 10% o résistance increase" [42] . 
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Therefore th e tri-leve l metallizatio n i s suitabl e candidat e fo r interconnectio n direcfi y 

deposited o n Si C fo r opératio n a t température s aroun d 15 0 °C . Th e ris e o f resistivit y a t 

higher températur e coul d becom e mor e severe . SiC/Ti/Pt/A u ha s a  stabl e behaviou r i n 

terms o f electrica l characteristic s a s reported b y Kassamakov a [43 , 44], but présent s lo w 

MTF prédictions for the resistivity évolutio n at high-channel températures . 

3.2.2 Substrat e préparatio n 

In chapte r 2.2 , AIN , Alumin a an d SiC N ar e show n a s suitabl e substrat e materials . 

Substrate (i.e . constrain t base ) processe s fo r cerami c materia l ar e casting , pottin g an d 

mechanical machining . Onc e i t i s finished, it s connected pin s hâve been alread y plate d i n 

it. Som e commercia l cerami c material s which coul d b e used i n high température MEM S 

application ar e shown as followings . 

3.2.2.1 SiC N 

In Liew' s work , a  cost-effective  technolog y fo r th e fabricatio n o f high-temperatur e 

MEMS base d o n injectabl e polymer-derive d ceramic s i s described [45 , 46]. First, a  mold 

is fabricated usin g standar d photolithographic technique s (Figur e 3. 5 a  and b) . The liqui d 

polymer precurso r i s the n cas t int o th e mold , an d th e mol d an d polyme r precurso r ar e 

then heate d o r thermal-se t a t abou t 250° C t o solidif y th e polyme r (Figur e 3. 5 c  an d d) . 

After thermal-setting , th e polyme r become s a  transparen t solid , an d ma y b e separate d 

from th e mol d i f suitabl e technique s ar e used . Afte r thermal-setting , th e polyme r par t i s 

crosslinked b y heatin g t o abou t 400° C unde r isostati c pressur e (Figur e 3. 5 e) . Afte r 

crosslinking, th e polyme r become s infusible , remainin g transparent . I n th e final  stag e 

(pyrolysis), the crosslinked polyme r par t i s heat-treated a t about 1000° C to couvert i t to a 

monolithic ceramic part . 
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Figure 3.5 SiC N injectable polymer-derive d ceramic s process . 

Cited from Sensor s and Actuators (2001 , P. 66) 

3.2.2.2 Alumin a pottin g compounds an d casting compound s 

COTRONICS CORP . ha s som e interestin g alumin a compound s fo r hig h températur e 

purpose. They could be used as packaging substrates . 

Durapcf^"^ 80 1 i s a  speciall y formulated , roo m températur e curing , 99% ) pure Alumin a 

Ceramic. I t offer s hig h electrica l résistance , eve n a t hig h température s an d i s idéa l fo r 

many electrica l an d metallurgical applications . 

Durapof'''^ 80 4 an d 80 5 wer e formulate d t o provid e a  high strength , lo w cost , Alumin a 

potting an d castin g materia l wher e th e purity o f type 80 1 i s not required . Thei r electrica l 

and metallurgica l propertie s ar e excellent . Durapof'"' ^ 80 4 i s idéa l fo r smal l part s an d 

Durapot''"'^ 805 for large r castings . 
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Durapot''"'^ 80 9 i s th e best , gênera i purpose , cerami c pottin g compoun d whic h base d o n 

Magnésium Oxide . I t is electrically résistan t an d offer s excellen t chemica l résistanc e an d 

it can b e use d fo r potting . sealing an d bonding . I t i s also easily used , just mix . apply an d 

cure at room température . 

Durapot^'^ 81 0 i s alumin a based , thermall y conductiv e pottin g compoun d an d adhesive , 

developed t o provid e excellen t electrica l résistanc e a t hig h températur e an d improve d 

thermal conductivity fo r high power applications [47] . 

3.2.2.3 AI N 

A translucen t aluminu m nitrid e (AIN ) substrat e ha s com e int o th e marke t whic h ha s 

thermal conductivit y o f 14 0 W/iiiK a t roo m températur e an d 13 0 W/niK a t 100°C , eigh t 

times tha t o f alumin a (AI2O3 ) an d one-hal f t o two-third s tha t o f berylli a (BeO) . It s 

excellent electrica l an d mechanica l propertie s a s wel l a s inhéren t ligh t transmittin g 

property ensur e tha t th e ne w AI N materia l ca n b e use d a s high-performanc e cerami c 

substrates fo r high température semiconductor modules . 'Metallizatio n o f the ceramic ha s 

been don e b y thre e methods : tungste n metallizatio n b y a  co-firin g process , whic h i s a 

fundamental technolog y fo r th e comin g multilaye r AI N packages ; metallizatio n wit h 

silver-palladium (Ag/Pd ) conducto r an d ruthenium-oxid e (RuO^ ) resistor , whic h wa s 

developed fo r the translucent AIN substrate ; molten méta l metallization. which give s very 

high adhesiv e strength . Developmen t o f a n improve d AI N cerami c wit h a  themia l 

conductivity exceedin g that of BeO is also described' [48]. ' 

Typical dat a o f it s chemica l compositio n ar e show n i n Tabl e 3.1 . Sintering i s a  metho d 

for makin g object s b y heatin g powde r withou t melting . Th e high-purit y submicro n AI N 

powder wit h a  sharp particle size distribution ha s excellent sinterability . Figur e 3. 6 show s 

a typica l sinterin g behavio r o f the powder . A s a  sintering aid , Ca(N03)2 estimated a s 1.0 

wt%o CaO wa s adde d t o AIN powder . I t shows tha t fuU y dens e translucent AI N ceramic s 

can b e mad e no t onl y b y hot-pressin g bu t b y pressureles s sintering . Fo r th e commercia l 



40 

production o f th e translucen t AI N substrate s trad e name d SHAPAL , tap e castin g wit h a 

doctor blade and uniaxia l dr y pressing has been chosen . 

Table 3. 1 

Elemental analysi s o f AIN powder 

Elément 

Fe 

Ca 

Si 

Content (ppm ) 

15 

72 

37 

Elément 

C 
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N 

Al 

Content (wt%) ) 
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Figure 3.6 Sinterabilit y o f AIN powder with sintering aid . 

Cited fro m IEE E Transaction o n Components , Packaging , and Manufacturin g 

Technology (  1986, VOL. 9, NO. 4 p. 386) 
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The bondin g mechanis m betwee n aluminu m nitrid e substrat e an d silver-copper-titaniu m 

solder was studied [49 ] by Kurihara . "Th e AIN surface wa s bonded to the solder with th e 

TiN intermediat e laye r containin g fre e T i an d Al , produced a t the interfac e betwee n th e 

AIN substrat e an d the solder. ' 

A metallization structur e of Ti-Pt-thick Au-Ti-Cr-A u wa s designed an d implemented, an d 

the metallurgica l stabilit y o f thi s metallizatio n schem e wa s reporte d b y Li u [50] . I t wa s 

found that , withou t a  diffusio n banier , th e thic k A u laye r i n th e epitaxial-sid e 

metallizafion woul d b e mostl y consume d an d for m intermetallic s wit h th e S n fro m th e 

AuSn solde r durin g solderin g an d therma l aging . Th e Ti-Pt-thic k Au-Ti-Cr-A u 

metallization schem e prevent s th e diffusio n o f S n int o th e thic k A u laye r an d préserve s 

the integrity of the metallization syste m [50] . 

Pads i n th e substrat e o f thi s prototyp e whic h us e th e sam e structur e tha n th e di e 

conesponding t o the substrate (see 3.2.1) ar e made by using metallization process . 

The substrate i s cuboid and was assumed to be 5.6 mm X 5.6 mm X 1  mm in size. 

A schematic model o f the substrate (i.e . constraint base) is shown in Figure 3.7 . 

Figure 3.7 Prototyp e 1  constraint bas e préparation (side view). 

3.2.3 Di e attach and sealin g 

Although ther e ar e a  nunibe r o f technique s whic h ca n bon d di e wit h substrat e base , bu t 

most o f the m ar e fo r silico n onl y e.g . silico n fusio n an d anodi c bonding . Adhesive s ar e 

common t o b e use d fo r no n silico n dies . Polyme r adhesive s canno t suffe r 60 0 degree s 
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Celsius hig h températur e an d eutecti c di e attac h nee d a  high températur e proces s whic h 

could damag e senso r chip . Cotronic s Corporatio n ha s som e hig h températur e adhesive s 

which ca n b e cure d a t roo m températur e o r lo w températur e [51] . Th e adhesive s fo r di e 

attach i n thi s prototyp e ar e a  kin d o f aluminu m compoun d (alumina ) o r metal-bas e 

adhesives suc h a s Resbond ™ 940HT . Resbond^ w 919 , Resbond ™ 92 0 an d Durabon d 

950. A  schematic model o f this die bonding process i s shown in Figure 3.8 . 

] 1 

^ ^ ^ X  /  \  \  ^ 

Figure 3.8 Prototyp e 1  die bonding (side view). 

Resbond 940H T Adhesive i s a new, fas t setting , ultra high températur e alumina adhesiv e 

that ca n b e use d confinuousl y t o 1538° C (2800°F) . Resbon d 940H T ha s excellen t 

adhésion t o ceramics , metals . glass , composites , etc . I t ca n b e résistan t t o liqui d metals , 

most Chemical s and solvents , oxidizing and reducing atmosphères and has good electrica l 

properties. Resbond 940H T set s i n 1 5 minutes an d cures i n 5  minutes a t 80° C (175°F ) or 

in 8-16 hours at room température. 

Resbond''"'^ 91 9 ha s exceptionall y hig h electrica l résistance . Dielectri c strengt h i s 

270 volts/mi l an d volum e resistivit y i s 101 1 ohm-c m (a t roo m température) . I t ca n 

maintain it s high electrica l résistanc e and dielectri c strengt h a t high températur e 1538° C 

(2800°F). Resbon d 91 9 i s idéa l for : potting , sealing , coatin g cabl e en d seals , igniters . 

heating coils , instmmentation , thermocouples , electronics , an d man y othe r electrica l 

applications. 
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Resbond'''^ 92 0 i s easy fo r us e (Jus t mix , appl y an d le t dry) . Resbond 92 0 cure s a t roo m 

température t o bond , seal , insulate . encapsulat e an d protec t délicat e electronic s 

components agains t heat , electricity . chemicals , conosion an d moisture . I t based o n hig h 

purity alumin a ceramic , an d i t i s idéa l fo r us e whe n rapi d dissipatio n o f heat i s required . 

Its application s include : bonding , encapsulafing , protectin g an d electricall y insulafing , 

high wat t resistors , électrodes, extension wires , thermocouples, hea t sensors , heating coils , 

igniters and crifica l electroni c component s [51] . 

Durabond adhesive s an d puttie s were speciall y formulate d t o bond metals , ceramics . and 

dissimilar material s fo r us e t o 1093° C (2000°F) . Thès e metalli c composit e adhesive s 

overcome th e britfi e bond s an d offe r som e o f th e ductilit y an d impac t résistanc e 

associated wit h solderin g an d welding . Durabon d adhesive s ca n als o b e drilled , tapped , 

machined, etc . The y ar e saf e an d eas y t o use . Durabon d 940H T base s o n AI2O 3 and i s 

developed fo r bondin g lo w expansio n metal s suc h a s 40 0 série s stainles s steel , lo w 

expansion, hig h températur e alloys . metals . ceramic s etc . Durabon d 95 0 coul d als o b e 

adhesive i n thi s packagin g prototype . I t base s o n aluminu m an d ha s simila r propertie s 

than Resbond 940HT . 

3.2.4 Wir e bondin g 

To the wire bondin g process , platinum wir e i s rarely use d i n the industry , a s an example , 

5-mil armeale d P t wir e t o a  5000 A-P t pa d (wit h a n underlyin g bas e o f Ti , MO , an d W ) 

sputter deposite d o n a  sapphire substrat e ha s bee n reporte d [36] , an d mos t processe s us e 

aluminum wir e an d gol d wir e technique s eve n thoug h platinu m wir e doe s no t oxidiz e i n 

air a t any température and gold wire only can suffe r 500-60 0 °C in the air . 

In this process , 3  mil gol d wire s ar e bonde d t o A u pad s o n the gold-plate d substrat e an d 

die b y usin g conventiona l thermosoni c wir e bonding . A  schemati c mode l o f thi s wir e 

bonding process i s shown i n Figure 3.9 . 
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Figure 3.9 Prototyp e 1  wire bonding (side view). 

3.2.5 Housin g 

The MEM S pressur e senso r include s a  senso r chi p withi n a  substantiall y seale d cavit y 

formed b y a  housing (constrain t base ) an d a  cover fo r th e housing . Th e metho d include s 

providing a n are a betwee n a  portio n o f th e cove r an d a  portio n o f th e substrate , usin g 

adhesive (Durabon d 940H T whic h base s o n AI2O 3 is chosen) t o fix them . Th e cove r i s a 

Kovar allo y shell . A  schemati c mode l o f thi s proces s i s show n i n Figur e 3.10 . Thi s 

stmcture ha s a  potentia l weakness : bondin g wire s an d metallizatio n pad s hâv e n o 

protection. I t i s difficul t t o find a  protectiv e ge l tha t ca n suffe r -20° C t o 600° C 

température cycle and corrosive gas . Protective ge l also decreases sensitivity o f sensor . 

' 1 

r— / /  /  \  \  \ 

Figure 3.10 Prototyp e 1  housing (side view). 
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3.3 Designed prototyp e 2 (flip-chip packag e prototype ) 

This prototyp e use s fiip-chip  technique . Th e ide a fo r thi s prototyp e i s t o avoi d bondin g 

wires whic h i s inappropriat e t o 60 0 degree s Celsiu s environment . Th e prototyp e 

consisted o f a  pressure senso r di e mounte d o n a  substrat e (i.e . constrain t base) . Th e di e 

could b e Si c o r SiC N an d h  i s attache d t o a  cerami c substrat e (i t coul d AIN , AI2O 3 or 

SiCN) b y usin g flip-chip  techniqu e an d adhesive s (AI2O3) . A  schemati c mode l o f thi s 

prototype i s shown in Figure 3.11 . 

,. Senso r chi p 

1 1 

_ 

—1 \ 

Adhesive 

Shell 

Constraint bas e 

Pad 

Adhesive 

Pin 

Figure 3.11 Sid e view o f prototype 2  (flip-chip package) . 

Substrate 

Sensor chi p 

Cavity 

Adhesive 

Figure 3.12 To p view o f prototype 2 (flip-chip package) . 
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A schemafic diagra m o f the prototype 2  fabrication processe s i s shown i n Figure 3.13 . 

Die Préparation Substrate Préparatio n 

Die Bonding an d 

Sealing 

Housing 

Figure 3.13 Prototyp e 2  fabrication flo w chart . 

3.3.1 Di e préparation 

There i s n o bi g différenc e betwee n th e di e préparatio n o f Prototyp e 2  an d tha t o f 

Prototype 1  (see 4.2.1) . Th e majo r distinctio n i s metallizatio n proces s t o pads . A  smal l 

dot o f solde r i s the n deposite d o n eac h o f th e pad s befor e wafe r sawing . Th e chip s ar e 

then eu t out of the wafer . 

3.3.2 Substrat e préparation 

There i s n o bi g différenc e betwee n th e substrat e préparatio n o f Prototyp e 2  an d tha t o f 

Prototype 1  (see 4.2.2) . Th e majo r distinctio n i s tha t ther e i s a  cavity i n th e substrat e o f 

Prototype 2 . This cavity permit s the displacement o f the senso r chi p membrane . Th e tw o 

substrates ar e shown in Figure 3.14 . 
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Figure 3.14 Différenc e betwee n prototyp e 2 and prototype 1  (side view). 

3.3.3 Flip-chi p technology descriptio n propose d fo r prototype 2 

To attac h th e flip  chi p int o a  circuit , i t i s inverted t o brin g th e solde r dot s (gol d ball s o r 

platinum balls ; platinu m ball s i s onl y fo r simulation ) dow n ont o connector s o n th e 

underlying electronic s o r circui t board . Th e solde r i s the n remelte d t o produc e a n 

electrical connection , usin g an ultrasonic process . This also leave s a  small spac e betwee n 

the chip' s circuitr y an d th e underlyin g mounting . I n thi s cas e a n electrically-insulatin g 

adhesive i s the n "unde r filled " t o provid e a  stronge r mechanica l connection , provid e a 

heat bridge , an d t o ensur e th e solde r joints ar e no t stresse d du e to differentia l heatin g o f 

the chi p and the rest o f the system. A  schematic mode l o f this process i s shown i n Figur e 

3.15. 

P= 9 ^ 1 — — 1 

Figure 3.15 Prototyp e 2  flip-chip  (sid e view). 
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3.3.4 Di e bonding and sealing description propose d fo r prototype 2 

This process i s almost identica l wit h that of prototype 1  (see 4.2.3). A schematic mode l o f 

this process i s shown i n Figure 3.16. 

Figure 3.16 Prototyp e 2  die bonding and sealing (side view). 

3.3.5 Housin g technology descriptio n propose d fo r prototype 2 

This proces s i s simila r wit h tha t o f prototyp e 1  (see 4.2.5) . A  schemati c mode l o f thi s 

process i s shown in Figure 3.17. 

Zl 1 = 

j^ n^ 

Figure 3.17 Prototyp e 2  housing (side view). 
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3.4 Summar y 

In thi s chapter , tw o detaile d hig h températur e MEM S pressur e senso r packagin g 

prototypes ar e presented . Senso r chip s (dies ) coul d b e SiC N chip s (th e researcher s a t 

Concordia i s workin g o n thi s process ) o r Si C chip s (th e mos t popula r materia l fo r hig h 

température application) . Ti/Pt/A u syste m metallizafio n i s matur e an d i t coul d gro w o n 

dies an d substrate s b y th e chemica l vapo r dépositio n method . Thre e candidat e substrat e 

materials whic h wil l b e simulate d i n Chapte r 5  ar e AIN , alumin a compoun d an d SiC N 

ceramic. Alumin a compoun d substrate s ca n b e prepare d b y castin g o r potting . SiC N 

ceramic substrate s ca n als o b e cas t b y pourin g int o a  mold. AI N substrate s ca n b e mad e 

by hot-pressing or pressureless sintering . Ail substrates should be embedded P t pins when 

they ar e made . Electrica l attachmen t materia l i s gold wir e (wir e bonding , prototyp e 1  ) or 

gold solde r dot s (fli p chip , prototyp e 2) . Di e bondin g an d sealin g adhesiv e choos e 

alumina-based Resbon d 940H T whic h i s fro m Cotronic s Corporation . Thi s adhesiv e i s 

also use d t o bon d a  substrat e t o a  Kova r allo y shel l whic h i s designe d t o protec t senso r 

and make senso r be installed easily . 



CHAPTER 4 

SIMULATION TOOL S AND MODELIN G 

A simulatio n i s a n imitatio n o f som e rea l thing , stat e o f affairs , o r process . Th e ac t o f 

simulating somethin g generall y entail s represenfin g certai n ke y characteristic s o r 

behaviors o f a selected physical o r abstract system . 

Simulation i s useful fo r MEM S design . I t can provide som e futur e visio n abou t an d hel p 

to find  optimize d parameters , find  mistake s befor e fabrication , an d reduc e tim e an d 

money. Solvin g a  system lik e a  MEMS senso r i s a  complex work . It' s difficul t t o appl y 

theoretic analysi s t o résolv e thi s kin d o f problem . That' s wh y w e appl y Finit e Elémen t 

Analysis (FEA ) to analyze it . The traditional procédur e using FE A is designing FE model , 

meshing strategy . élémen t solutio n an d assembl y etc . Fo r thos e dynami c problems . th e 

procédure i s mor e comple x an d i t ha s muc h mor e difficultie s i n designin g F E model . 

Thanks t o CA E (Computer-Aide d Engineering ) technology , FE A become s easie r an d 

more efficient . ANSY S i s a kind o f CAE software [52 ] and COMSOL [53 ] (FEMLAB a s 

former name ) is another one . 

4.1 Finit e élément analysi s 

Finite Elémen t Analysi s (FEA ) i s a  compute r simulatio n techniqu e use d i n engineerin g 

analysis. I t uses a numerical technique calle d the Finite Elément Method (FEM) . 

'FEA use s a  comple x syste m o f point s calle d node s whic h mak e a  gri d calle d a  niesh . 

This mes h i s programme d t o contai n th e materia l an d structura l propertie s whic h defin e 

how th e structur e wil l reac t t o certain loadin g conditions . Nodes ar e assigned a t a  certai n 

density throughou t th e materia l dependin g o n th e anticipate d stres s level s o f a  particula r 

area. Région s whic h wil l receiv e larg e amount s o f stres s usuall y hâv e a  highe r nod e 
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density tha n thos e whic h expérienc e littl e o r n o stress . Point s o f interes t ma y consis t o f 

fracture poin t o f previousl y teste d material , fillets,  corners , comple x détail , an d hig h 

stress areas . The mesh acts like a spider web i n that from eac h node , there extends a  mesh 

élément t o eac h o f th e adjacen t nodes . Thi s we b o f vector s i s wha t carrie s th e materia l 

properties to the object, creafin g man y éléments " [54]. 

A commo n us e o f FE A i s fo r th e déterminatio n o f stresse s an d displacement s i n 

mechanical object s an d Systems . However , i t i s als o routinel y use d i n th e analysi s o f 

many othe r type s o f problems , includin g thos e i n hea t transfer , soli d stat e diffusio n an d 

reactions wit h movin g boundaries , fluid  dynamics , and electromagnetism . FE A i s able t o 

handle complex System s that defy closed-fom i analytica l solutions . 

4.1.1 Analysi s content s 

FEA ca n provid e a  numbe r o f output s bu t severa l result s hâv e bee n use d t o analyz e 

pressure senso r packaging i n this thesis. 

4.1.1.1 Hea t transfe r 

In therma l physics , hea t transfe r i s th e passag e o f therma l energ y fro m a  ho t t o a  col d 

body. Whe n a  physical body , e.g . a n objec t o r fluid,  i s at a  différent températur e than it s 

sunoundings o r anothe r body . transfe r o f therma l energy , als o know n a s hea t transfer , 

occurs i n such a  way tha t the body an d the sunounding s reac h thermal equilibrium . Hea t 

transfer alway s occur s fro m a  ho t bod y t o a  col d one , a  resu h o f th e secon d la w o f 

thermodynamics. Hea t transfer ca n never be stopped; i t can only be slowed down . 

Classical transfe r o f therma l energ y occur s onl y throug h conduction , convection , 

radiation o r an y combinatio n o f thèse . Hea t transfe r associate d wit h caniag e o f th e hea t 

of phas e chang e b y a  substanc e (such  a s stea m whic h carrie s th e hea t o f boiling ) i s 

sometimes treated a s a variety of convection hea t transfer [55] . 
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4.1.1.2 Hea t déformatio n 

In engineering mechanics , defomiation i s a change i n shape due to an applied forc e o r an 

inside stress . In this thesis , the high températur e MEM S pressur e sensor s mus t wor k i n a 

température range more than 60 0 degrees Celsius . During heat transfer , th e energy tha t i s 

stored i n th e intermolecula r bond s betwee n atom s changes . Whe n th e store d energ y 

increases. so does the length of the molecular bond . As a resuit, solids typically expan d i n 

response to heating and contrac t o n cooling. Différen t material s hâve diverse CTE . Thèse 

make sensor s defonn . Déformatio n ma y b e temporary , a s a  spring retuni s t o it s origina l 

length whe n tensio n i s removed , o r permanen t a s whe n a n objec t i s ineversibl y ben t o r 

broken. 

4.1.1.3 Therm o mechanical stres s 

Stress i s a measure o f force pe r uni t area within a  body. I t is a body's intemal distributio n 

of force pe r area that react s to extemal applie d loads . Stres s i s often broke n dow n int o it s 

shear an d nomia l component s a s thèse hâve unique physica l significance . I n short , stres s 

is to force a s strain i s to elongation . 

Von Mise s stress is a scalar function o f the deviatoric components of the stress tensor tha t 

gives a n appréciatio n o f th e overal l magnitud e o f th e shea r component s o f th e tensor . 

This allow s th e onse t an d amoun t o f plasti c déformatio n unde r triaxia l loadin g t o b e 

predicted fro m th e result s of a  simple uniaxia l tensil e test . I t i s most applicable t o ductil e 

materials [56] . 

'Residual stres s i s tha t whic h remain s i n a  bod y whic h i s stationar y an d a t equilibriu m 

with it s sunoundings . Residua l stresse s occu r fo r a  variety o f reasons, including inelasti c 

déformations an d hea t treatment . Hea t fro m weldin g ma y caus e localize d expansion . 

When th e finishe d weldmen t cools , som e area s coo l an d contrac t mor e tha n others . 
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leaving residua l stresses . Casfing s ma y als o hâv e larg e residua l stresse s du e t o uneve n 

cooling' [57] . 

4.2 Ansy s 

The ANSY S compute r progra m i s a  large-scal e multipurpos e finit e élémen t progra m 

which ma y b e use d fo r solvin g severa l classe s o f engineerin g analyses . Th e analysi s 

capabilities o f ANSYS include s the ability t o solve stati c and dynamic structura l analyses , 

steady-state an d transien t hea t transfe r problems , mode-frequenc y an d bucklin g 

eigenvalue problems , stafi c o r fime-varying  magneti c analyses , and varion s types o f field 

and coupled-fiel d applications . Th e progra m contain s man y spécia l feature s whic h allo w 

nonlinearities o r secondar y effect s t o be include d i n the solution , suc h a s plasticity , larg e 

strain, hyperelasticity . creep , swelling , larg e deflections , contact , stres s stiffening , 

température dependency , materia l anisotropy , an d radiation . A s ANSY S ha s bee n 

developed, othe r spécia l capabilities , suc h a s substructuring , submodeling , rando m 

vibration, kinetostatics , kinetodynamics , fre e convectio n fluid  analysis , acoustics , 

magnetic, piezoelectric , coupled-flel d analysi s an d desig n optimizatio n hâv e bee n adde d 

to th e program . Thès e capabilitie s contribut e furthe r t o makin g ANSY S a  multipurpos e 

analysis tool for varied engineering disciplines [58] . 

The ANSY S progra m ha s man y finit e élémen t analysi s capabilities , rangin g fro m a 

simple, linear , stati c analysi s t o a  complex , nonlinear , transien t dynami c analysis . Th e 

analysis guid e manuals i n the ANSYS documentation se t describe spécifi e procédure s fo r 

performing analyse s fo r différen t engineerin g discipline s [52] . Figure 4.1 show s module s 

of ANSYS . A  mode l consist s o f som e différen t simpl e form . Afte r meshin g an d 

parameters inputting . ANSY S progra m calculâte s i t an d finds  solutions . Post-processo r 

could process solutions and output result s visually i n différent ways . 
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Figure 4.1 Module s of ANSYS program . 

4.2.1 Analysi s procédure using ANSYS 

A typical ANSY S analysi s has three distinct steps : [52] 

1. Buil d the model. (PREP7 ) 

2. Appl y loads and obtain the solution. (SOLU ) 

3. Revie w the resuhs. (POSTl an d POST26) 

4.2.2 Modula r Desig n 

Module desig n i s tha t usin g ANSY S scrip t create d accordin g t o prototype s propose d 

before. Ho w to mesh i s a key process fo r a  simulation an d meshing takes mor e than 50%) 

of tim e o f a  simulatio n workload . A n imprope r meshin g ca n brin g o n a n inconec t 

simulation resuit . Employin g symmetr y considérations , onl y a  quarte r portio n o f th e 

structure ha s been modeled . Som e simulatio n meshing s o f this thesis are shown i n Figur e 

4.4, Figure 4.5, Figure 4.2 and Figure 4.3. 
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AN 

MEMS packaging simulât 

Figure 4.2 Prototyp e 1  meshing for a  cuboid shap e package . 

AN 

•lEMS p a c k a g i n g s i m u l a t i o n 

Figure 4.3 Prototyp e 1  variation meshin g fo r a  cuboid shap e package . 
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ELEHEIJT3 A N 
OCT 2 8 200 S 

i i : 2 2 : 3 2 

HEHS p a c k a g i n g s i m u l a 

Figure 4.4 Prototyp e 2  meshing fo r a  cylinder shap e package . 

ELEMEHTS 

I1EME p a c k a g i g s i m u l 

^ ^ ^ H " ' - "^ ; 

AN 
MA.R 8  ZOO" " 

2 2 r 3 0 : 1 3 

Figure 4.5 Prototyp e 2  meshing fo r a  cuboid shap e package . 
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AN 

MEMS pa-kagin. g sira'jl a 

Figure 4.6 Prototyp e 2 meshing for a cuboid shape package (before it s rotation). 

The différenc e betwee n Figur e 4. 2 an d Figur e 4. 3 i s di e bondin g adhesiv e position . I n 

Figure 4.2 , adhesiv e i s beside di e an d substrate , an d i n Figur e 4.3 , it i s betwee n di e an d 

substrate. Figure 4.6 becomes Figure 4.5 by a 90 degrees clockwise rotation . 

4.2.3 Elémen t types 

The ANSY S élémen t librar y consist s o f more than 10 0 différent élémen t formulation s o r 

types. Some éléments of this thesis are introduced below . 

4.2.3.1 SOLID 5 

S0LID5 ha s a  3- D magnetic , thermal , electric , piezoelectri c an d structura l field 

capability wit h limite d couplin g betwee n the fields.  Th e élément has eigh t node s wit h u p 

to si x degree s o f freedo m a t eac h node . Scala r potentia l formulation s (reduce d RSP , 

différence DSP , o r gênera i GSP ) ar e availabl e fo r modelin g magnetostati c fields  i n a 

static analysis . Whe n use d i n structura l an d piezoelectri c analyses , S0LID 5 ha s larg e 

deflection an d stres s stiffening capabilifies . S0LID 5 ha s ail the fields  tha t we need i n this 
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thesis excep t therma l field,  an d i t ca n easil y coupl e wit h SOLID9 0 whic h i s a  3- D 

thermal élément . 

4.2.3.2 SOLID9 0 

SOL1D90 i s a  highe r orde r versio n o f th e 3- D eigh t nod e therma l clémen t (SOL1D70) . 

The élémen t ha s 2 0 node s wit h a  singl e degre e o f freedom , température , a t eac h node . 

The 20-nod e élément s hâv e compatibl e températur e shape s an d ar e wel l suite d t o mode l 

curved boundaries . 

4.2.4 Outpu t o f solution 

The outpu t fro m th e solutio n consist s o f th e noda l solutio n (o r th e primar y degre e o f 

freedom solution ) an d th e élément solutio n (o r the derive d solution) . Th e mai n analyze d 

outputs are displacement an d Von Mises stress . 

4.2.4.1 Elémen t Solutio n 

The élémen t outpu t item s (an d thei r définitions ) ar e show n alon g wit h th e élémen t typ e 

description. No t ai l o f the item s show n i n the output tabl e wil l appea r a t ai l times fo r th e 

élément. Normally , item s no t appearin g ar e eithe r no t applicabl e t o th e solutio n o r hâv e 

ail zéro results and are suppressed to save space. 

4.2.4.2 Failur e Criteri a 

Failure criteri a ar e commonl y use d fo r orthotropi c materials . The y ca n b e inpu t usin g 

either the FC commands o r the TB commands. The FC command inpu t i s used i n POSTl . 

The TB command inpu t i s used directly in the composite éléments . 
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4.3 COMSO L Multiphysic s (FEMLAB ) 

COMSOL Multiphysic s (formerl y FEMLAB ) i s a  finit e élémen t analysi s an d solve r 

software packag e fo r varion s physic s an d engineerin g applicafions , especiall y couple d 

phenomena, o r multiphysics . COMSO L Multiphysic s als o offer s a n extensiv e an d well -

managed interfac e t o MATLA B an d it s toolboxe s fo r a  larg e variet y o f programming , 

preprocessing an d postprocessing possibilities . A similar interface i s offered t o COMSO L 

Script. Th e package s ar e cross-platfor m (Windows , Mac , Linux , Unix. ) I n additio n t o 

conventional physics-base d user-interfaces , COMSO L Multiphysic s als o allow s fo r 

entering couple d System s o f partia l differentia l équation s (PDEs) . Th e PDE s ca n b e 

entered directl y o r usin g th e s o calle d wea k form . COMSO L ha s som e module s whic h 

make i t become an easy-using FEA tool . 

Heat Transfe r Module : Consist s o f advance d applicatio n mode s fo r th e analysi s o f hea t 

transfer b y conduction , convectio n an d radiation . I t i s spécifi e fo r industria l application s 

such as electronics cooling and process engineering . 

MEMS Module : I t represent s couple d processe s i n microelectromechanica l an d 

microfluidic device s an d i t incorporâte s spécifi e multiphysic s coupling s fo r application s 

such a s electroosmoti c flow, film  damping , piezoelectricit y an d fluid-structure 

interaction. 

4.4 Summar y 

In this chapter, firstl y FE M and brief steps of FEA wer e introduced, an d analysis content s 

are discussed . Secondly , 4  designe d prototype s bav e bee n modele d an d meshed . Tw o 

éléments hâv e bee n applie d i n mode l an d materia l parameter s an d mode l dimension s 

hâve bee n inputted , the n ANSY S progra m hâv e calculate d an d result s hâv e bee n show n 

by ANSY S pos t processor . Thi s chapte r als o introduce d COMSO L Multiphysic s whic h 

are used i n this thesis intended to compare and verify ANSY S simulation results . 



CHAPTER 5 

SIMULATION RESULT S AND DISCUSSIO N 

5.1 Introduction 

Simulation result s are not always accurate , but they can stil l sho w some interestin g dues . 

In this chapter , différen t prototype s wer e simulate d i n ANSYS an d FEMLA B i n orde r t o 

compare th e prototypes , choos e materials , find  ou t bette r parameters , an d verif y 

simulation results . Table 5.1 show s ai l the simulation contents of this chapter . 

Table 5. 1 

Simulation conten t 

Simulation 

objectives 

5.2 Therm o 

mechanical stres s 

distribution 

5.3 Compariso n 

of Conventiona l 

package an d flip -

chip 

5.4 Senso r chi p 

size 

Designed Prototyp e 

Prototype 1 

Prototype 2 

Prototype 1 

Prototype 2 

Prototype 1 variation 

Prototype 2 

Prototype 1 

0.24X0.24X0.05mm 

1.2X1.2X0.25mm 

2.4X2.4X0.5mm 

Materials 

Die 

Sic 

Sic 

Sic 

Sic 

Sic 

Sic 

Sic 

Substrate 

AIN 

AIN 

AIN 

AIN 

AIN 

AIN 

AIN 

Adhesive 

AI2O3 

AI2O3 

AI2O3 

AI2O3 

AI2O3 

AI2O, 

AI2O3 

Electrical 

Attachment 

Pt 

Pt 

Au 

Condition 

Température 

(°C) 

20-600 

20-600 

20-600 
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5.2 Thermo mechanica l stres s distributio n 

High températur e bring s o n bi g therm o mechanica l stresse s an d to o bi g stres s make s a 

sensor fail . So , stres s distributio n i n a  senso r shoul d b e know n i n orde r t o optimiz e th e 

design o f the pressure sensor . 

First simulatio n i n this section uses the model : prototype I  wit h a  SiC die . AIN substrate , 

AI2O3 adhesives , withou t pressur e load , an d référenc e températur e (stress-fre e 

température) 2 0 degree s Celsius . Th e senso r i s subjecte d t o a  températur e cycl e o f 2 0 

degrees Celsiu s t o 60 0 degree s Celsius . Senso r cavit y i s a t vacuuni . A  schemati c mode l 

of this pressure senso r i s shown i n Figure 5.1. 

Figure 5.1 Si C die, AIN substrate, AI2O3 adhesives (side view). 

The simulatio n ha s been don e i n ANSYS b y using a  meshing lik e Figure 4.2 . As a  resuit 

Von Mise s stres s distributio n i n thi s mode l fro m th e simulatio n i s show n i n Figur e 5.2 . 

The colo r ba r i n the botto m o f Figur e 5. 2 represent s Vo n Mise s stres s (uni t Pascal) . Th e 

stress represented b y color. The increase of stress is shown from th e blue to the red. 
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HEHS packaging simulatio n 

Figure 5.2 Vo n Mises stress of prototype 1  (temp. from 20 to 600 °C). 

Due t o mismatc h o f th e coefficien t o f therma l expansio n (CTE ) o f th e senso r chi p 

material (SiC) , constrain t bas e materia l (AIN) , an d adhesiv e materia l (AI2O3) , therm o 

mechanical stresse s are significant i n the adhesive part and the sensor chip, especiall y on 

the surface o f différent materials . Because the CTE of the adhesixe (AI2O3) is the highes t 

among thos e thre e materials , adhesiv e par t als o suffe r th e highes t therm o mechanica l 

stress. 

Second simulatio n i n thi s sectio n ha s use d th e model : prototj'p e 2  cuboi d shap e wit h a 

SiC die , AIN substrate , AI2O3 adhesives, P t attach , withou t pressur e load , an d référenc e 

température (stress-lree température) 20 degrees Celsius. The sensor i s also subjected t o a 

température cycl e o f 2 0 degree s Celsiu s t o 60 0 degree s Celsius . Senso r cavit y i s a t 

vacuum. A schematic model of this pressure sensor is shown in Figure 5.3. 
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Figure 5.3 Si C die, AIN substrate, AI2O3 adhesives, Pt attach (sid e view). 

The simulafio n ha s been done in ANSYS b y using a  meshing lik e Figure 4.5 . As a  resui t 

Von Mise s stress distribution i n this model from th e simulafion i s shown i n Figure 5.4 . 

Due t o mismatc h o f the coefficien t o f thermal expansio n (CTE ) o f th e différen t part s o f 

the whol e packag e whic h include s senso r chi p materia l (hèr e i s SiC) , constrain t bas e 

material (AIN) , P t attach par t an d adhesiv e materia l (AI2O3) , thermo niechanica l stresse s 

are considérabl e i n th e adhesiv e par t an d th e P t attac h part , especiall y o n th e surfac e o f 

différent materials . The thermo mechanica l stresse s distribufion i n each par t o f the senso r 

package dépend s on the CTE o f each part . The highe r CTE, the bigger Vo n Mise s stress . 

Comparing to the first  simulafion, th e maximum Von Mises stress is 5% bigger. 
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MEMS packagin g s i m u l a t i o n 

Figure 5.4 Vo n Mises stress of prototype 2 (SiC die, AIN sub., AI2O3, Pt attach). 

Figure 5.5 Prototyp e 1 SiC die, AIN, AI2O3 adhesives, 1 M Pa (side >iew). 

The first two simulation s ar e without pressure load . I n a real application , pressure loa d 

should b e pu t i n simulations . Th e third simulatio n i n thi s sectio n ha s use d th e model : 

prototype 1  with a SiC die, AIN substrate, AI2O3 adhesives, with 1  M Pa pressure load , 

and référence température (stress-free température ) 20 degrees Celsius. According to an 

engine test resuit that Pratt & Whitney Canada gave to us, the opération pressure in a jet 
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engme i s abou t IMPa . Th e senso r i s subjecte d t o a  températur e cycl e o f 2 0 degree s 

Celsius t o 60 0 degre e Celsius . A  schemati c mode l o f thi s pressur e senso r i s show n i n 

Figure 5.5. 

The simulation has been done in ANSYS by using a  meshing like Figure 4.5. As a  resuit , 

the Vo n Mise s stres s distributio n an d th e displacement s alon g Z  axi s (vertica l t o th e 

membrane) fro m th e simulation ar e shown i n Figure 5. 6 an d Figur e 5.7 . The color ba r i n 

the bottom o f Figure 5.7 represent s displacement (uni t meter) . The increase of distance i s 

shown iïom the blue to the red. 

The Vo n Mise s stres s distributio n i s différen t tha n th e on e withou t pressur e load . Th e 

reason i s obvious: 1  M Pa pressure loa d changes a  lot on the sensor chip . The membran e 

of the sensor chi p has big stresses . The maximum stres s now i s not on the surface o f the 

différent part s o f the package. I t appears near the edge o f the membrane. The other part s 

of stresse s ar e simila r t o th e on e withou t pressur e load ; stresse s ar e significan t i n th e 

adhesive part and the sensor chip, especially on the surface o f différent materials . 
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Figure 5.6 Vo n Mises stress of prototype 1  (SiC die, AIN, AI2O3 adhesives, IMPa) . 
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Figure 5.7 Displacemen t of prototype 1  (SiC die, AIN, AI2O3 adhesives, IMPa) . 

Fourth simulatio n i n this section i s similar to the second simulation . I t also has used the 

model: prototyp e 2  cuboi d shap e wit h a  Si C die , AIN substrate , AI2O 3 adhesives , P t 

attach, and référence températur e (stress-lree température) 20 degree Celsius . The sensor 

is also subjected to a température cycle of 20 degrees Celsius to 600 degrees Celsius. The 

only différence i s that it applies 1M Pa pressure load . 

J 
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1 ^ H V 
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Figure 5.8 Prototyp e 2 SiC die, AIN substrate, AI2O3 adhesives, Pt attach, 1  M Pa 
(side view). 



68 

The simulation has been done in ANSYS by using a  meshing like Figure 4.5 . As a resuit , 

the Vo n Mise s stres s distributio n an d th e displacement s alon g Z  axi s (vertica l t o th e 

membrane) from th e simulation are shown in Figure 5.9 and Figure 5.10 respectively . 

The Vo n Mise s stres s distributio n i s différen t tha n th e on e wdthou t pressur e load . Th e 

membrane o f th e senso r chi p ha s bi g stresses . Th e maximu m stres s no w i s no t o n th e 

surface o f th e différen t part s o f th e package . I t appear s nea r th e edg e o f th e membrane . 

The othe r part s o f stresse s ar e simila r t o th e on e withou t pressur e load ; stresse s ar e 

significant i n the adhesive par t and th e senso r chip , especially o n the surface o f différen t 

materials due to mismatch o f the coefficien t o f thermal expansio n (CTE ) of the différen t 

parts of the whole package. Comparing t o the third simulation , the maximum Vo n Mise s 

stress i s much bigger. Senso r cavity i s at vacuum. Adding som e noble gases in the cavity 

will counterac t senso r membran e displacemen t (du e t o damping facto r change) , an d tha t 

will decrease sensor sensibility and sensor précision. 
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MEMS packaging simulatio n 

Figure 5.9 Vo n Mises stress of prototype 2 (SiC die, AIN, AI2O3, Pt attach). 
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Figure 5.10 Displacemen t (Si C die, AIN substrate, AI2O3 adhesives, Pt attach). 

5.3 Comparison o f Conventional packag e and flip-chip 

Firstly, w e compar e tw o conventiona l packages : prototyp e 1  and it s variant . Th e Von 

Mises stres s o f prototyp e 1  (Figure 5.6 ) i s 1.2 9 GPa , and for a  varian t o f prototype 1 

(Figure 5.11 ) i t i s 1.62GPa . Prototyp e 1  has much les s Vo n Mises stres s than it s mos t 

popular variant . Thei r displacement s ar e almos t sam e (Figur e 5. 7 an d Figure 5.12) . A 

flip-chip packag e ca n avoi d wir e bondin g becaus e gol d wire s ar e uncovere d fo r a 

conventional packag e and they may react with corrosive gas in a jet engin e at 600 degree 

Celsius. Figur e 5. 6 and Figure 5. 9 demonstrat e a  conventiona l packag e tha t ha s muc h 

lower Von Mises stresses than a  flip-chip  package in a I M Pa pressure environment . The 

displacement o f membrane i s similar, but the maximum Von Mises stress is 2.25G Pa for 

a flip-chip  packag e wit h P t attachmen t an d it i s 1.2 9 GP a for a  conventiona l packag e 

(thèse sensor chips hâve the same size in the models). In order to be gênerai, a simulation 

has bee n don e b y usin g th e model : prototyp e 2  cuboi d shap e wit h a  Si C die , AI N 

substrate, AI2O 3 adhesives . A u attach , wit h I M P a pressur e loa d an d référenc e 

température (stress-free température ) 20 degrees Celsius. The sensor is also subjected to a 
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température cycle of 20 degrees Celsius to 600 degrees Celsius . The only différenc e tha n 

previous simulatio n i s that A u attachmen t ha s replaced P t attachment. A  différent di e 

bonding positio n (adhesiv e betwee n a  die an d a substrate ) i s also simulate d an d the 

maximum Vo n Mises stres s is 1.62 G Pa. Compared to Prototype 1 , it does not hâve any 

advantage. 
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Figure 5.11 Vo n Mises stress of prototype 1  variation (Si C die, AIN, AI2O3, IMPa). 
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Figure 5.12 Displacemen t o f prototype 1  variation (SiC die, AIN, AI2O3, IMPa). 
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Figure 5.13 Vo n Mises stress of prototype 2 (SiC die, AIN, AI2O3, Au attach). 
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Figure 5.14 Displacemen t of prototype 2 (SiC die, AIN, AI2O3, Au attach). 
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Figure 5.9 , Figur e 5.10 , Figur e 5.1 3 an d Figur e 5.1 4 demonstrat e tha t ther e i s only smal l 

différence betwee n P t attachmen t (Vo n Mise s stres s i s 2.2 5 G  Pa ) an d A u attachmen t 

(Von Mise s stress is 2.27 G  Pa) for the Von Mises stresses and displacements . 

5.4 Senso r chip size 

Even thoug h a  senso r chi p i s done befor e it s packaging , i t i s necessary t o discus s i n th e 

packaging point o f view. A sensor chip size déterminâtes the minimal whol e package size . 

The senso r chi p siz e i s fro m 1- 2 m m (diameter ) an d dow n t o 0. 2 -0. 3 m m (thès e dat a 

hâve bee n obtaine d fro m th e researcher s o f Concordi a University) . Th e followin g 

simulation trie s to describe the relafion o f a sensor chip size and thermo mechanica l stress . 

The simulation s i n thi s sectio n hâv e use d th e model : prototyp e 1  with a  Si C die , AI N 

substrate, AI2O3 adhesives, with 1  M Pa pressure load , and référence températur e (stress -

free température ) 20 degree Celsius . The sensor i s subjected t o a  température cycle o f 20 

degrees Celsiu s t o 60 0 degree s Celsius . A  schemati c mode l o f thi s pressur e senso r i s 

shown i n Figure 5.8 . Each simulation use s the same model bu t différent size . 

The simulation s hâv e bee n don e i n ANSY S b y usin g a  meshing lik e Figur e 4.2 . A s th e 

results. Vo n Mise s stres s distributio n i n thi s mode l wit h différen t siz e parameter s (Si C 

dies are 0.24nimX0.24niniX0.05nim, 1.2mmX l .2mniX0.25nim and 2.4nimX2.4mm X0.5mm) 

from th e simulations i s shown in Figure 5.15 , Figure 5.1 6 and Figure 5.1 7 respectively . 
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Figure 5.15 Vo n Mises stress prototype 1  (chip 0.24x0.24x0.05mm SiC+AlN+AhOs) . 
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Figure 5.16 Vo n Mises stress of prototype 1 (chip 1.2xl.2x0.25mm SiC+AlN+AhOs) . 
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Figure 5.17 Vo n Mises stress of prototype 1 (chip 2.4x2.4 x0.5mm SiC+AlN+AbOs). 

The simulatio n figures  (Figure 5.15 , Figur e 5.1 6 an d Figur e 5.17 ) whic h us e différen t 
dimension parameter s illustrat e tha t i f senso r chi p dimension s ar e géométri e 
proportionally changed . Vo n Mise s stres s distribution s i n thèse figures  are almost the 
same and the maximum Von Mises stresses are 1.29 G Pa. Fro m the thermal stress point 
of view, there is no significant différenc e between différent senso r chip sizes. 

5.5 Membrane thickness 

The membran e o f a MEMS pressur e senso r i s a pivota i par t fo r the sensor becaus e 

pressure gauge s o n it. The simulation tha t follow s trie s t o describe th e relation of 

membrane thickness and thermo mechanical stress. 

The simulation in this section has used the model: prototype 2 cylinder shape with a SiC 

die, AIN substrate , wit h lOO M Pa pressure load , an d référenc e températur e (stress-fre e 

température) 20 degrees Celsius . Th e senso r i s subjected t o a température cycl e of 20 
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degrees Celsiu s to 600 degrees Celsius . I n the simulation , onl y membrane thickness i s 
changed and the other dimensions of a package are kept the same in the model. 

The simulation has been done in ANSYS by using a meshing like Figure 4.4. As resuhs. 
Von Mise s stres s distribufio n figures  (0.02m m an d 0.04ni m thic k membrane ) i n thi s 
model from the simulation are shown in Figure 5.18 and Figure 5.19. 

HODÀL SOLUTIO H 

STEP=1 
SUB =1 
TIHI=1 
SEQV (AVG ) 
DMX =.001192 
SHH =_lZ5E+07 
SMX =.770E+1 1 

AN 
NOV 1  2006 

20:45:16 

.1252+0'î .i7iE+l i ,342 1 + 11 .514E+1 1 .  685E+11 
-8E6B+10 . 2 57E+11 . 4 28E+11 .S99E+1 1 .770E+1 1 

HEHS pacJîaging simulation 

Figure 5.18 Vo n Mises stress of prototype 2 (SiC die, AIN, 0.02mm thick). 

The stress distributions are similar . Th e stresse s concentrat e i n the membranes o f thèse 

sensor chips and they appear near the edge of the membranes. Th e maximum Von Mises 

stress o f 0.04m m thic k membran e senso r i s much lowe r than the one o f 0.02min thick 

membrane senso r (0.02ni m thic k membrane' s stres s i s 4.4 5 fimes  than 0.04m m thic k 

membrane). So , increasing a sensor chip membrane thickness can decrease stress . But a 

thicker membrane is less sensitive to applying pressure load. 
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Figure 5.19 Vo n Mises stress o f prototype 2  (SiC die , AIN, 0.04mm thick) . 

5.6 Heat déformatio n 

For a high température application, heat déformation i s not ignorable . The simulation tha t 

follows tries to describe the relation of displacement an d température. 

The simulations i n this section hâve used the model: prototype 2  cuboid shap e with a  SiC 

die, AI N substrate , AI2O 3 adhesives , A u attachment , wit h 1  M  P a pressur e load , an d 

référence températur e (stress-fre e température ) 0  degree Celsius . The senso r i s subjecte d 

to a  température cycle o f 0  degree Celsiu s to 60 0 degree Celsius . A  schemati c mode l o f 

this pressure sensor is shown in Figure 5.8 . 

The simulation s hâv e bee n don e i n ANSY S b y usin g a  meshing lik e Figur e 4.5 . As th e 

results, th e displacement s i n différen t températur e conditio n fro m th e simulation s ar e 

shown in Figure 5.20 (a , b, c, d, e, f and g). 
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Figure 5.20 Displacemen t a t différent température . 

According t o simulatio n results , ther e ha s bee n a n increas e i n th e displacemen t o f th e 

package. The membrane displacement dat a hâve been presented by Figure 5.21. 

Membrane displacement 

300 40 0 
TemperatureCC) 

Figure 5.21 Displacement s i n différent températures . 
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For membran e déformation , ther e ha s bee n a  12 % increas e i n th e displacemen t i n th e 

center o f membran e whe n températur e change s fro m 0  degre e Celsiu s t o 60 0 degree s 

Celsius. Mos t membran e déformatio n occur s a t first  10 0 degre e Celsius . I f w e se e Si C 

properties (Figur e 2.4) , w e wil l se e tha t CT E o f Si C increase s fas t a t first  10 0 degre e 

Celsius. Fro m th e number s give n i n Figur e 5.21 , i t ca n b e see n tha t th e whol e packag e 

size increase d a t tim e tha t températur e grow s up . I n fact , onc e th e material s ar e 

determined, the whole package heat déformation i s also certain because o f the CTE of the 

package materials . 

5.7 Comparison o f différent material s 

Choosing appropriat e material s i s pivota i t o hig h températur e senso r design . I n thi s 

section, différen t material s appl y th e mode l o f prototyp e 2  cuboid shap e wit h a  die (Si C 

or SiCN) . a  substrat e (SiCN , AI2O 3 or AIN) , AI2O3 adhesives. A u o r P t attach , wit h I M 

Pa pressur e load , and référenc e températur e (stress-fre e température ) 20 degree s Celsius . 

The senso r i s also subjecte d t o a  température cycl e o f 2 0 degrees Celsiu s t o 60 0 degree s 

Celsius. A  schematic model o f this pressure senso r i s shown i n Figure 5.22 . 

SiCN 
Pressure 1  MPa /  si c 

Pt, Au 

AI203 

A1203, 

AIN. SiCN 

Figure 5.22 Schem e for materia l compariso n (sid e view). 
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The simulafion s hâv e bee n don e i n ANSY S b y usin g a  meshin g lik e Figur e 4.5 . A s 

results, th e Vo n Mise s stresse s correspondin g t o th e différen t material s ar e show n i n 

Figure 5.23 to Figure 5.32 . 
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MEMS p a c k a g i n g s i m u l a t i o n 

Figure 5.23 Vo n Mises stress (SiCN die, AIN sub., AI2O3, Pt). 

MODAl SOLUTIOH 
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HEHS packaging simulacion 

Figure 5.24 Vo n Mises stress (SiCN die , SiCN sub. , AI2O3, Pt). 
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NODAL 90LUTI0 M 
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DMX =. 17eE-0^ 
3MM ~  .  167E-t-0' 
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MEHS packaging simulation 

Figure 5.25 Vo n Mises stress (SiC, AI2O3 sub., AI2O3, Au). 
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HEHS packaging simulation 

Figure 5.26 Vo n Mises stress (SiC die, SiCN sub., AI2O3, Au). 
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NODAL SOLUTIO N 
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Figure 5.27 Vo n Mises stress (SiC N die, AI2O3 sub., AI2O3, Au). 
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MEMS p a c k a g i n g s i m u l a t i o n 

Figure 5.28 Vo n Mises stress (SiC N die, AIN sub., AI2O3, Au). 
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NODAL 3OLUTI0 H 

SUB = 1 
TIME:=I 
SEQV (AVG ) 
DMX = . 7 2 2 E - 0 4 
SMN = .503E+ 0 
SMX = . 2 3 2 e + l i 

AN 
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MEMS packag in g s i m u l a t i o n 

Figure 5.29 Vo n Mises stress (SiC N die, SICN sub., AI2O3, Au). 
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HEHS packaging simulation 

Figure 5.30 Vo n Mises stress (Si C die, AI2O3 sub., AI2O3, Pt). 
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HODAL SOLUTIO H 
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HEHS packaging simulatio n 

Figure 5.31 Vo n Mises stress (SiC N die, AI2O3 sub., AI2O3, Pt). 
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Figure 5.32 Vo n Mises stress (SiC die, SICN sub., AI2O3, Pt). 
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Figure 5.33 Maximu m Vo n Mises stress comparison i n différent material s 
packaging. 

Figure 5.3 3 i s mad e b y usin g Figur e 5.9 , Figur e 5.13 , an d fro m Figur e 5.2 3 t o Figur e 

5.32, th e blu e bar s represen t Vo n Mise s stres s an d eac h colum n unde r th e blu e bar s 

represents a  material combination : th e first  row represents electrica l attachmen t material , 

the secon d show s substrat e materia l an d th e thir d mean s senso r chi p material . Th e 

maximum Vo n Mise s stresse s ar e significantl y différent . P t attachmen t i s alway s bette r 

than A u attachmen t i f di e an d substrat e materia l ar e fixed . AI2O 3 i s no t goo d substrat e 

material whateve r di e materia l an d electrica l attachmen t materia l are , becaus e therma l 

stress i s bigger tha n AIN and SiCN . A Si C di e plus a  SiCN substrat e see m to be the bes t 

material grou p for Pt attachment, because i t has the lowest maximum Von Mises stress . A 

SiCN di e plus an AIN substrate i s also good fo r P t attachment o r Au attachment . Mos t o f 

SiCN combination s ar e bette r tha n SiC . Thès e result s wer e obtaine d b y usin g stati c 

simulation whic h means that time was not considered an d ai l sensor par t were assumed a t 

the same température . 
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5.8 Heat transfer inside a package 

SiCN ha s excellen t chemica l stabilit y a t hig h températures , ver y lo w CTE , an d hig h 

strength an d i t i s lighte r tha n SiC . But it s thermal conductivit y i s very lo w comparing t o 

Sic (SiC' s therma l conductivit y i s 30 0 time s highe r tha t SiCN's.) . I t i s necessar y t o 

observe heat transfer insid e a package by simulations . 

The simulations in this section hâve used the model: prototype 1  with a SiCN die or a SiC 

die, AI N substrate , AI2O 3 adhesives , withou t pressur e load , an d référenc e températur e 

(stress-free température ) 20 degrees Celsius . A schematic mode l of this pressure senso r i s 

shown i n Figur e 5.1 . Th e simulatio n assume s tha t th e whol e packag e i s a t 2 0 degree s 

Celsius a t th e beginnin g o f th e simulatio n an d environmen t températur e i s 60 0 degree s 

Celsius. 

The simulatio n ha s been don e in ANSYS b y using a  meshing lik e Figur e 4.2 . As results , 

température contou r figure s i n thi s mode l fro m th e simulatio n ar e show n i n Figure 5.3 4 

and Figure 5.35 . 

NOOAt SOtUTIO N 

3TaP=l 
aUB =1 0 
TXKB=.01 
TBHP 
R3Y3=0 
aMN =55 1 
3MZ =60 0 

(AVS) 

089 

AN 

SSl.Oeg 5fil.95 8 572.82 7 583.69 6 594.56 6 
556,52Î 567.39 3 570.26 2 589-13 1 6 

MS packaging simulation 

Figure 5.34 Températur e contour SiC+AIN+-Al203 after 10ms . 
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NODAl SOLUTIO N 

aTBP=l 
3UB - 1 0 
TIME=.01 
TEMP 
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. 0 1 

AN 

27.837 154.98 7 2B2.13 6 409.28 6 536.43 5 
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MEMS packaging Einulation 

Figure 5.35 Températur e contour SiCN+-AIN+Al203 after lOms . 

The températur e i n th e cente r o f SiC N di e i s 27.83 7 degree s Celsiu s i n th e figure. 

Compared wit h tha t o f Si C die , th e températur e i s 55 1 degre e Celsius . Ther e i s a  bi g 

différence insid e a  SiC N di e sensor . I f environmen t températur e change s rapidly , 

température inside the package wil l b e much différen t an d thermo mechanica l stres s wil l 

grow u p becaus e materia l expanse s o r shrink s disproportionally . I t ma y caus e senso r 

damage o r failure . So , a  SiC N senso r i s no t suitabl e fo r températur e rapi d changin g 

applications. I f the change in température in the engine i s slow, then this point wil l not be 

a concem. 

5.9 Heat transfer calculatio n 

This sectio n include s a n analysi s calculatio n abou t températur e insid e a  senso r chi p 

which is simulated in the previous section . 

The calculatio n i n thi s sectio n ha s use d th e model : prototyp e 1  with a  SiC N die , AI N 

substrate, AI2O 3 adhesives , withou t pressur e load . Thi s calculatio n assume s th e whol e 

package i s a t 2 0 degree s Celsiu s a t th e beginnin g o f th e simulatio n an d environmen t 

température is 600 degrees Celsius . 
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The équatio n relatin g hea t energ y t o spécifi e hea t capacity , wher e th e uni t quantit y i s i n 

terms of mass is: 

Q = m c AT (2 ) 
where 

Q is the heat energy put into or taken out of the substance , 

m is the mass of the substance, 

c is the spécifie hea t capacity , 

AT is the température differential . 

This is heat capacity équation . 

By integrating the differential for m ove r the material's total surface S,  the intégral for m o f 

Fourier's law is: 

dQ k \^  V  T  *  d  S 
dt ^  ^  (3 ) 

where 

Q i s the amount of heat transferred , 

t is the time taken , 

k is the materials conductivity . 

S i s the area through which the heat i s flowing, 

T is the température. 

The differentia l équatio n (3) , when integrated fo r a  simple linear situation , where unifor m 

température acros s equall y size d en d surface s an d perfectl y insulate d side s exist , give s 

the heat flow rate between the end surfaces as : 

— ^ =  -  k  A  (4 ) 
A /  A  X 

where 
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A is the cross-sectional surface area , 

AT is the température différence betwee n the ends, 

Ax is the distance between the ends. 

A smal l MATLA B scrip t (. M file)  has been writte n accordin g to Equatio n (4 ) and ru n i n 

MATLAB an d the resuit i s shown in Figure 5.36_(Appendix II). 
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Figure 5.36 Températur e change inside a SiCN die . 

Figure 5.3 6 show s how température changes in the first  20ms. The X axis represents time 

(unit 1ms ) an d th e Y  axi s represent s températur e (uni t degre e Celsius) . Th e o  lin e 

represents températur e insid e the senso r 50|i m fa r awa y fro m th e surface . Th e other s ar e 

the *  line 100)im , the n  lin e 150)xm , the •  lin e 200|im , an d th e A  line 250)i m fa r awa y 

from th e surface. Th e calculation resui t i s similar to the simulation results (Figure 5.35) . 

5.10 Stress-free températur e 

Stress fre e températur e i s the température when ai l inne r stresse s ar e zéro . I t i s also use d 

as référence température to simulation . 
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The stress-fre e températur e i n th e earlie r simulation s i s 2 0 degree s Celsiu s o r 0  degre e 

Celsius. I t mean s tha t th e stres s insid e a  senso r equal s t o 0  whe n températur e i s 2 0 

degrees Celsius or 0 degree Celsius. In fact, residua l stresse s always exist because o f high 

température proces s durin g th e fabricatio n o f sensor . Th e stress-fre e températur e ma y 

change whe n th e fabricatio n technique s modify . Th e simulation s i n thi s sectio n tr y t o 

describe ho w Von Mises stres s changes when the stress-free températur e varies. 

The first  simulations i n this section hâve used the model: prototype 1  cuboid shap e with a 

SiCN die , AI N substrate . AI2O 3 adhesives, wit h 1  M P a pressure load . an d environmen t 

température 0  degre e Celsius . Référenc e températur e (stress-fre e température ) ha s 

changed fro m 0  degre e Celsiu s t o 60 0 degree s Celsius . A  schemati c mode l o f thi s 

pressure senso r i s shown i n Figure 5.5. 

The simulation s hâv e bee n don e i n ANSY S b y usin g a  meshing lik e Figur e 4.2 . A s th e 

results, th e displacement s i n différen t température s conditio n fro m th e simulation s ar e 

shown i n Figure 5.3 7 (a , b, c, d, e, f and g). 



91 

3EQV (AUG ) 
DMX = . T e i E - 0 4 
HMH =293 .35 5 

AN 
Aï a  200 7 

MEHS packagin g s i a u l * 

AN 

-.783E-04 

= .H0E*10 

MEMS Packagin g a ïo iu la t io n 

(a) 0 degree Celsiu s (b) 10 0 degrees Celsiu s 

aEfjv (AVG ) 

AN 

10129S .310[+0 9 .âîiS'O  .931E-KI 9 .Uie*! 
-IISB-HIS .')cSE-0 3 .77«e+O S .  109E*1 0 

i p a c k a g i n g a i m u l a t i o n 

= .73 96-01 
=1518 91 
- . H O B + i O 

AN 

310E*ÛS .«1E-KI 9 . 930*0 9 .UÎE-t-1 0 
1551*05 .46^E-0 & .7761*0 9 .109Ï+1 Q 

MEHS p a c k a g i n g ^ i r a u l a t i c ^ n 

(c) 200 degrees Celsiu s (d) 300 degrees Celsiu s 

AN 

MEHS p a c k a g i n g s i n u l a l 

2II2'ia6 ,310SKI 9 .S21E»0 9 .9318+0 9 .1Z4BH 0 25308 ; .3UE-0 9 .621E-0 9 .g31E+0 9 .124E*1 D 
. lS3Ert9 .466Et<] 9 .T7«E+() 9 .  lOSE-H O .MOEtl O .1S5ÏHI 9 ,HÉ6E"D 9 ,7761«3 9 ,109Ï+1 0 ,140Btl O 

MEHS packaging sinulario n 

AN 

(e) 400 degrees Celsiu s (f) 50 0 degrees Celsiu s 



92 
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Figure 5.37 Stres s SiCN die, AIN substrate, AI2O3 adhesives, with 1  M Pa, 0°C. 

The secon d simulation s i n thi s sectio n hâv e use d th e model : prototyp e 1  cuboid shap e 

with a  SiC N die , AI N substrate , AI2O 3 adhesives , wit h 1  M  P a pressur e load , an d 

environment températur e 60 0 degree s Celsius . Référenc e températur e (stress-fre e 

température) ha s change d fro m 0  degre e Celsiu s t o 60 0 degree s Celsius . A  schemati c 

model of this pressure senso r is also shown in Figure 5.5 . 
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Figure 5.38 Stres s SiCN die, AIN substrate, AI2O3 adhesives, 1 M Pa, 600 °C. 
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As i s shown by Figure 5.3 7 an d Figure 5.38 , Von Mise s stresses i n the sensor are reduce d 

in th e adhesiv e portio n i f th e référenc e températur e i s clos e t o th e midpoin t o f th e 

température load range . I t is observed tha t reducing the référence température reduces th e 

Von Mise s stresses . I f i t i s possibl e t o chang e stress-fre e températur e i n th e senso r 

fabrication process , i t will be helpful t o optimize the sensor design . 

5.11 Simulatio n resui t comparison betwee n ANSYS and FEMLA B 

FEA almos t alway s ca n giv e u s a  resui t bu t th e resui t shoul d b e analyze d carefully . 

"Finite Elémen t Analysi s makes a  good enginee r great , and a bad engineer dangerous! " It 

is ver y importan t t o verif y th e results . Ther e i s a  way t o chec k th e result s b y usin g tw o 

FEA softwar e System s to analyze one model . 

The simulatio n i n this sectio n ha s use d th e model : prototype 2  cylinder shap e wit h a  Si C 

die, AI N substrate , wit h lOO M P a pressur e load , an d référenc e températur e (stress-fre e 

température) 2 0 degree s Celsius . Th e senso r i s subjecte d t o a  températur e cycl e o f 2 0 

degrees Celsius to 600 degrees Celsius . 

The simulatio n ha s bee n don e i n ANSY S b y usin g a  meshin g lik e Figur e 4.4 . Onl y a 

quarter o f senso r prototyp e ha s been simulated . A s results . Von Mise s stres s distributio n 

figure i n this model fro m th e simulation i s shown in Figure 5.39 . 
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Figure 5.39 Vo n Mises stress (SiC die, AIN substrate, 0.02mm thick) in ANSYS. 

The simulatio n ha s been done in FEMLAB by using an automatic meshing. As results. 
Von Mises stress distribution figure in this model from the simulation is shown in Figure 
5.40. 

Figure 5.40 Vo n Mises stress (SiC die, AIN, 0.02mm membrane) in FEMLAB. 
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Comparing Figur e 5.3 9 an d Figur e 5.40 , w e ca n se e tha t senso r membrane s an d senso r 

chip cavit y surface s ar e th e mos t stressful , an d bondin g surface s betwee n senso r chip s 

and package s hâv e les s stres s tha n th e membranes . Senso r chip s hâv e mor e stres s tha n 

their packages . Bot h result s hâv e simila r stres s distributions . Th e maximu m Vo n Mise s 

stresses ar e show n i n Tabl e 5.2 . Ther e i s n o bi g différenc e betwee n ANSY S resui t an d 

FEMLAB resuit . 

Table 5. 2 

ANSYS and FEMLAB simulatio n resu h compariso n 

Simulation softwar e 

ANSY 

FEMLAB 

Maximum Von Mises stress 

1.45 GP a 

1.267 GP a 

5.12 Porosity 

Porosity i s a  measur e o f th e voi d space s i n a  material , an d i s measure d a s a  fraction , 

between 0-1 , or a s a  percentage betwee n 0-100% . I n manufacturin g o f méta l o r plasti c 

parts an d assemblies , porosit y i n the ra w materia l i s a  serions issu e affectin g th e qualit y 

of th e resultin g products . Porosit y ma y b e cause d b y températur e contro l problems , 

material impurities , o r othe r cause s i n th e castin g o f méta l o r plasti c parts . Porosit y 

intemal t o cas t part s ma y becom e extema l o r surfac e pore s whe n materia l i s the n 

removed fro m th e ra w par t materia l b y machining , grindin g o r othe r manufacturin g 

opérations. Earlie r simulation s ar e base d o n tha t ai l material s ar e perfect . So , porosit y 

should b e simulated i n order to reflect reality . 

In addition, som e research result s indicat e the effec t o f porosity o n the elastic modulu s o f 

silver powder . Th e elasti c decrease s wit h decreas e i n densit y (fo r a  20 % decreas e i n 

density. th e modulu s o f elasticit y reduce s b y abou t 37%o . Beyon d a  20 % decreas e i n 

density, th e modulu s o f elasticity stabilize s [59]) . From th e stud y o f th e A g powder , i t i s 
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évident that the porosity leve l affects th e modulus. Such a study has not been conducted 
for gol d attach . However , th e gol d attac h i s als o assume d t o b e affecte d b y varyin g 
porosity levels . Hence, the stress patterns in the die and attach layers hâve been studied 
for another modulus of elasticity corresponding to the silver porosity data. 

*oT .  soe iH 

MEKS packaging gimulation MEMS F-ackagin g a u r u l a t i o n 

(a) stress (perfect Au attach) (b) stress (Au 80% density) 

(c) displacement (perfect Au attach) (d ) displacement (Au 80% density) 

Figure 5.41 Porosit y simulation results. 

The simulatio n i n thi s sectio n ha s bee n don e b y usin g th e model : prototyp e 2  cuboi d 

shape wit h a  Si C die , AI N substrate , AI2O 3 adhesives. A u attac h {80%  density, 63% ) 
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modulus), wit h 1 M Pa pressur e loa d an d référenc e températur e (stress-fre e température ) 

20 degre e Celsius . Th e senso r i s als o subjecte d t o a  températur e cycl e o f 2 0 degree s 

Celsius to 600 degree Celsius . 

The simulation s hâv e bee n don e i n ANSY S b y usin g a  meshin g lik e Figur e 4.5 . A s 

results, the displacemen t an d Vo n Mise s stres s fro m th e simulation s ar e show n i n Figur e 

5.41. 

Compared wit h th e perfec t gol d attach , ther e i s a  minut e différenc e i n th e Vo n Mise s 

stress distribution . Th e maximu m stres s i n (b ) i s 2.2 9 G  Pa an d tha t i n (a ) i s 2.2 7 G  Pa . 

For the displacements, (c)  and (d) are almost identical . 

5.13 Summar y 

In thi s chapter , différen t kind s o f simulatio n hâv e bee n done , an d th e simulatio n result s 

are presented . 

Thermo mechanica l stres s distribution simulation s sho w that the most stressfu l portio n i n 

the package i s the joint o f sensor membrane wit h an applied pressure , or without pressur e 

applied. 

Conventional packag e ha s les s therma l stres s tha n flip  chi p package . I f senso r chi p 

dimensions ar e géométri e proportionall y changed , senso r chi p siz e doe s no t affec t 

thermal stress . Moreove r I f only senso r membrane thicknes s changes (othe r portio n kee p 

the sam e dimension) , increasin g a  sensor chi p membrane thicknes s ca n decrease themia l 

stress. 

With th e increas e i n température , hea t déformatio n wil l als o increase . Fo r membran e 

déformation, ther e ha s bee n a  12% ) increas e i n th e displacemen t i n th e cente r o f 

membrane when température changes from 0  degree Celsius to 600 degrees Celsius . 
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Différent material s wil l ge t différen t therma l stress . P t attachmen t i s bette r tha n A u 

attachment. AI2O 3 is not good substrat e materia l comparin g to AIN an d SiCN . A  SiC di e 

plus a  SiC N substrat e an d P t attachmen t see m t o b e th e bes t materia l combination . A 

SiCN di e plus an AIN substrat e i s also goo d fo r P t attachment o r Au attachment . Mos t o f 

SiCN combinaùons are better than SiC's . 

Transient hea t transfe r simulatio n show s tha t SiC N i s no t suitabl e fo r températur e rapi d 

changing application s becaus e of it s low thermal conductivity . A  heat transfe r calculatio n 

in MATLAB was completed a s a vérification o f transient heat transfer simulation . 

If the stress-fre e températur e i s close t o the midpoin t o f the température loa d range , i t i s 

helpful t o reduce thermal stress . 

A FEMLA B simulatio n wa s don e b y usin g th e sam e mode l tha n ANSYS , thei r simila r 

results can verify eac h other . 

A compariso n betwee n A u attac h (80% o density , 63 % modulus ) an d A u attac h (100% o 

density. 100% o modulus) wa s processe d wit h I M P a pressure loa d an d roo m températur e 

environment. Th e therma l stresse s ar e almos t same , bu t 80% ) density A u onl y ha s 63% ) 

modulus. 



CONCLUSION 

In thi s study , a  literatur e revie w abou t MEM S packagin g wa s done . Som e existin g 

MEMS senso r packaging s wer e analyzed . Tw o packagin g design s tha t me t th e 

spécifications identifie d b y the involved industria l compan y wer e give n an d simulate d b y 

using finit e élémen t analysis . Real senso r packages are not obtained becaus e senso r chip s 

are not available fo r now . 

In thi s thesis , tw o hig h températur e MEM S pressur e senso r packagin g prototype s 

(conventional packag e an d flip-chip  package ) hâv e bee n developed , simulate d an d 

discussed. Prototyp e 2  (flip-chi p package ) i s bette r tha n Prototyp e 1  (conventiona l 

package) becaus e Prototyp e 2  ca n avoi d wir e bondin g i n whic h gol d wir e i s expose d i n 

the ai r an d i t i s unstabl e du e t o jet engin e corrosiv e environmen t a t 600° C an d platinu m 

wire bondin g migh t no t b e available i n the industr y eve n thoug h platinu m i s more stabl e 

than gol d i n a hot air environment . 

Material selectin g i s a  ke y par t o f th e thesis . T o packag e hig h températur e MEMS , 

materials shoul d hâv e hig h therma l conductivity , therm o mechanica l compatibility , hig h 

thermal shoc k résistance , hig h strengt h an d hig h chemica l compatibility . A  candidat e 

material lis t for hig h température packaging has been listed . I n the list , SiC an d SiC N ar e 

used t o b e di e material ; SiCN , Alumin a an d AI N a s constrain t bas e material ; platinu m 

and gol d a s electrical attac h material; Aluminum compoun d as adhesive material . 

Sic an d SiC N ar e selected t o be sensor chip material becaus e Si C has excellent chemica l 

stability a t high températures , hig h therma l conductivit y an d ther e ar e som e existin g Si C 

sensor chip s whic h ca n wor k a t 60 0 degree s Celsius . SiC N als o ha s excellen t chemica l 

stability a t hig h températures , ver y lo w CTE . an d hig h strength . Moreover , a s a  par t o f 

CRIAQ 6.2 , th e researcher s o f Concordi a Universit y hâv e foun d tha t SiC N ha s a 

potential abilit y t o wor k a t 130 0 degre e Celsius . SiC N materia l ha s ver y lo w therma l 
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conductivity. Thi s migh t limi t it s applicatio n becaus e températur e rapidl y changin g 

environment o n SiC N wil l présen t big température différence increasin g stres s i n the die . 

A SiCN di e plus an AIN substrate i s the best material grou p for Au attacliment package . 

Metallization i s matur e i n th e industry . Mos t méta l films  ar e fabricate d b y CVD . A 

Ti/Pt/Au Syste m could b e recommended . 

FEA model s hâv e bee n generate d an d som e simulation s hâv e bee n done . I n orde r t o 

verify th e outpu t resuit , bot h ANSY S an d FEMLA B hâv e applie d t o an identica l model . 

Von Mise s stresses , déformation s an d températur e distributio n i n th e packag e model s 

hâve bee n obtained . Discussion s abou t senso r chi p size , membran e thickness , hea t 

déformation, hea t transfer , porosity , stress-fre e températur e an d différen t materia l 

comparison wer e presented . I n ai l th e FE A models , th e attachmen t i s assume d t o b e 

perfectly bonde d t o the substrat e an d the die . In addition, the boundary condition s permi t 

no slip. 

In conclusion , i f P t wir e bondin g techniqu e i s available , conventiona l packagin g shoul d 

be adopte d becaus e it s packag e ha s th e les s therma l stres s an d P t wir e ha s bette r hig h 

température stabilit y tha n gold . Otherwise , flip-chip  packagin g coul d protec t insid e 

electrical attachmen t fro m hig h températur e an d i t i s mor e reasonable . Th e origina l 

objectives o f the researc h wer e achieved excep t fo r th e fabricatio n an d testin g du e to th e 

unavailability o f the high température sensor chip at this time. 



RECOMMENDATIONS 

The final  objec t fo r a  packaging desig n i s t o mak e on e i n a  factory . I n orde r t o achiev e 

this object , a  real senso r chi p should b e don e an d som e key data abou t packagin g shoul d 

be obtained . New simulation s shoul d b e perfomied becaus e mode l siz e probably i s goin g 

to modif y an d exac t materia l propertie s (différen t provider" s commercia l material s hâv e 

minor différences ) shoul d b e inpu t i n th e ANSY S o r othe r FE A software . Simulatio n 

should als o b e verifie d b y fabricatio n an d testing . Wafer-to-wafe r bondin g shoul d b e 

considered an d simulate d i n th e futur e work . I n Dr . Schmidt' s review/invite d paper , 

wafer t o wafe r bondin g wa s discusse d an d a  pressur e senso r exampl e wa s give n [60] . 

Solder bump material i s pivotai fo r flip-chip.  I t deserves an investigation . 



APPENDIX! 

ANSYS SCRIP T 

! Ansys script s prototype 2 
!SiC die , AIN substrate , alumina adhesive, gold attachment . 

FINISH 
/CLEAR Iclear s database, closes ail the files and star t a  new 

/FILNAME,simu_pressure 
/TITLE.MEMS packaging simulation !  define simulatio n nam e and titl e 

/PREP7 !  enters preprocesso r 
/PNUM,AREA,1 

ET,1,S0L1D5 Idefine s S0LID 5 a s élément 1 
!* 
KEY0PT,1,1,2 
KEYOPT, 1.3,0 
KEYOPT, 1.5,0 

!SiC material characteristic s 
MP,DENS,l,3.21e3 !Si C density kg/m 3 
MP,KXX,1,300 !  Thermal conductivit y 
MPTEMP.L-15,20,105.205,305,405,505.605,705 
MPDATA,ALPX.l,l,2.93e-6,3.35e-6,3.97E-6,4.23e-6,4.46e-6,4.68e-6,4.68e-6,4.89e-
6,5.1e-6,5.29e-6 !  Coefficient o f thermal expansio n 
MP,EX,1.4.7E11 !  Young's Modulu s 
MP,PRXY,1,0.3 IPoisson' s ratio orNUX Y 
MP,C, 1,800 !  spécifie hea t capacit y 
MP,HF,1,5 !  CONVECTION COEFFICIEN T 

!A1N material characteristic s 
MP,DENS,2,3.31e3 !A1 N 
MP.KXX,2,200 
MP,EX,2,3.2E11 
MP,PRXY,2,0.31 
MPTEMP.L-15,20,105,205,305,405,505,605,705 
MPDATA,ALPX,2,l,3.14e-6,3.9e-6,5.36e-6,6.51e-6,7.25e-6,7.76e-6,8.25e-6,8.72e-
6,9.09e-6 
MP,C,2.710 
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MP,HF,2,5 !  CONVECTION COEFFICIEN T 

! Alumina materia l characteristic s 
MP,DENS,3,3.75e3 ÎAlumin a 
MP,KXX,3,36 
MP.EX.3,3.97E11 
MP,PRXY,3,0.31 
!MP,ALPX,3.6.57E-6 
MPTEMP,!,-15,20,105,205,305,405,505,605,705 
MPDATA,ALPX,3,l,5.34e-6,6.20e-6,7.83e-6,8.48e-6,8.89e-6,9.28e-6.9.65e-6,10e-
6,10.33e-6 
MP,C,3.800 
MP,HF,3,5 !  CONVECTION COEFFICIEN T 

!Au material characteristic s 
MP,DENS,4,19.28e3 
MP,KXX,4,315 
MP,EX,4,7.8el0 
MP,PRXY,4,0.44 
MPTEMP.L-15,20,105,205,305,405,505.605,705 
MPDATA,ALPX.4,l,14.04e-6,14.24e-6,14.71e-6,15.23e-6,15.75e-6,16.29e-6,16.89e-
6.17.58e-6.I8.38e-6 
MP,C,4.128.74 
MP,HF.4,5 !  CONVECTION COEFFICIEN T 

Idefine mode l dimensio n variable s (m ) 
SUBL= 1800e-6 !  substrate lengt h 
SUBW=1800e-6 !  substrate width 
SUBH=2000E-6 !  substrate heigh t 
CSL=800E-6 
CSW=800E-6 
CSH=200E-6 
DlEL=1200E-6 !di e length 
DIEW==1200E-6 !di e width 
DlEH=500E-6 !di e height 
CDBL=800E-6 
CDBW=800E-6 
CDML=860E-6 
CDMW=860E-6 
CDTL=900E-6 
CDTW=900E-6 
CDH=480E-6 
FlLMH=20E-6 îmembran e thickness 
SEALH=300E-6 
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SEALHl=30E-6 
SEALW=600E-6 

îdefine mode l key point , 
K, 100,0.0,0 
K,101,0,SUBL,0 
K,102,SUBW,SUBL,0 
K,103,SUBW,0,0 
K,111,0,DIEL,0 
K,112,DIEW,DIEL,0 
K,113,DIEW,0,0 
K,121,0,CSL.O 
K,122,CSW.CSL.O 
K,123,CSW,0,0 

K,200,0,0,SUBH-CSH 
K,201,0,SUBL,SUBH-CSH 
K,202,SUBW,SUBL,SUBH-CSH 
K,203,SUBW,0,SUBH-CSH 
K,21L0,D1EL,SUBH-CSH 
K,212,DIEW,DIEL,SUBH-CSH 
K.2]3,D1EW,0,SUBH-CSH 
K,221,0,CSL,SUBH-CSH 
K,222,CSW,CSL.SUBH-CSH 
K.223,CSW,0,SUBH-CSH 

K,300,0,0,SUBH 
K,301,0,SUBL,SUBH 
K,302,SUBW,SUBL,SUBH 
K,303,SUBW,0,SUBH 
K,311,0,D1EL,SUBH 
K,312,DIEW,DIEL,SUBH 
K,313,DIEW,0,SUBH 
K,321,0,CSL,SUBH 
K,322.CSW,CSL,SUBH 
K,323,CSW,0,SUBH 

K,400,0,0,SUBH+F1LMH 
K,401,0,SUBL,SUBH+F1LMH 
K,402,SUBW,SUBL,SUBH+FILMH 
K,403,SUBW,0,SUBH+FILMH 
K,411,0,DIEL,SUBH+F1LMH 
K,412,DIEW,DIEL.SUBH+F1LMH 
K,413,DIEW,0,SUBH+F1LMH 
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K,421.0,CDBL,SUBH+F1LMH 
K,422,CDBW,CDBL.SUBH+F1LMH 
K,423,CDBW,0,SUBH+FILMH 

K,500,0,0,SUBH+FILMH+DIEH-CDH 
K,501,0,SUBL,SUBH+FILMH+DIEH-CDH 
K,502,SUBW,SUBL,SUBH+FILMH+DIEH-CDH 
K,503.SUBW,0,SUBH+F1LMH+D1EH-CDH 
K,511,0.D1EL,SUBH+F1LMH+D1EH-CDH 
K,512.DIEW.D1EL,SUBH+FILMH+D1EH-CDH 
K,513,D1EW,0,SUBH+F1LMH+DIEH-CDH 
K,521,0,CDBL,SUBH+FILMH+DIEH-CDH 
K,522,CDBW,CDBL,SUBH+FILMH+D1EH-CDH 
K,523,CDBW,0,SUBH+FILMH+DIEH-CDH 

K,600,0,0,SUBH+FILMH+DIEH-CDH+SEALH 
K,601,0.SUBL,SUBH+F1LMH+D1EH-CDH+SEALH1 
K,602.SUBW,SUBL,SUBH+FILMH+D1EH-CDH+SEALH1 
K,603,SUBW,0,SUBH+F1LMH+DIEH-CDH+SEALH1 
K,611,0,D1EL,SUBH+FILMH+D1EH-CDH+SEALH 
K,612.DIEW.DIEL,SUBH+FILMH+DIEH-CDH+SEALH 
K,613,D1EW.0,SUBH+F1LMH+DIEH-CDH+SEALH 
K,62L0,CDML.SUBH+F1LMH+D1EH-CDH+SEALH 
K,622,CDMW,CDML.SUBH+FILMH+D1EH-CDH+SEALH 
K,623,CDMW,0.SUBH+FILMH+DIEH-CDH+SEALH 

K,700,0,0,SUBH+FILMH+D1EH 
K,701,0,SUBL,SUBH+F1LMH+DIEH 
K,702,SUBW,SUBL,SUBH+FILMH+DIEH 
K,703,SUBW,0,SUBH+FILMH+DIEH 
K,711,0,DIEL.SUBH+F1LMH+DIEH 
K,712,DIEW,D1EL,SUBH+FILMH+D1EH 
K,713.DIEW,0,SUBH+F1LMH+D1EH 
K,721,0,CDTL,SUBH+F1LMH+DIEH 
K,722,CDTW,CDTL,SUBH+F1LMH+DIEH 
K,723,CDTW,0,SUBH+F1LMH+D1EH 

îcomiect keypoints to lines 
L,lll ,211 
L,211.311 
L,311,411 
L,411,511 
L,51L611 
L,611,711 
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L,311.312 
L,313,312 
L,302,312 
L,312,322 

IDefines a  area through keypoints . 
A,100,121.122,123 
A,lll,112,122,121 
A,101,102,112,111 
A,113,112,122,123 
A,103,102,112,113 

A,10L102,202,201 
A,103.102,202,203 
A.301.302,202,201 
A,303.302,202,203 
A,301,302,402,401 
A,303,302,402,403 
A,501,502,402,401 
A,503,502,402,403 
A,501.502.602,601 
A,503,502,602,603 

A,601,602,612,611 
A,603.602.612,613 
A,711,712,612,611 
A,713,712,612,613 

A.500.521,522,523 
A,521,522,622,621 
A,523,522,622.623 
A,721,722,622,621 
A,723.722,622,623 
A,721,722,712,711 
A,723,722,712,713 

IDefines a  volume through keypoints . 
V,100,121,122,123,200,221,222,223 !ALN 
V,l 11.112,122,121,211,212,222,22 1 
V,101,102,112,111,201,202,212,211 
V,l 13,112,122,123,213,212,222,223 
V,103.102,l 12,113,203,202,212,213 

V,311,312,322,321,211,212,222,221 
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V,30L302,312,311,201,202,212,211 
V.313,312,322,323,213,212,222,223 
V,303,302,312,313,203,202,212,213 

V,311,312,322,321,411,412,422,421 ! METALLIZATION 
V,301,302,312,311,401,402,412,41 IISEALING GLAS S 
V,313.312,322,323,413,412,422,423 
V,303,302,312,313,403.402,412,413 

V,400,421,422.423,500.521,522,523 IMEMBRANE 
V,511.512,522,521.411,412,422,421 !S1C 
V,501,502,512,511,401,402,412,411ÎSEALING GLAS S 
V,513,512,522,523,413,412,422,423 
V,503,502,512,513,403,402,412,413 

V,511.512,522,521,611,612,622,621 !SIC 
V,501,502,512,511,601,602,612,611 ÎSEALING GLASS 
V,513,512,522,523,613,612,622,623 
V,503,502,512,513,603,602,612,613 

V,711,712,722,721,611,612.622,621 !S1C 
V,713,712,722,723,613,612,622,623 

! glue volumes, change view angle and plot . 
VGLUE,ALL 
/PNUM.V0LU,1 
/VIEW..-3.-L1 
!/TYPE„4 
VPLOT 

! divide lines in order to mesh. 
LES1ZE.L„4 
LES1ZE,2„,3 
LESIZE,3,„2 
LESIZE,4,„2 
LESIZE,5„,3 
LESIZE,6,„2 
LESIZE,7,„10!GOLD 
LES1ZE,8„,10 
LESIZE,9„,6 ÎSEA L 
LESIZE,10,„4!GOLD 

Imeshing 
VSEL„„10 îchoose s volume No. 1 0 
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MSHKEY,1 Imappe d meshing 
VATT,4 lassociate s élément attributes to this volume. 
VMESH,10 îmeshe s volume No. 10 

VSEL,.„12 
MSHKEY,! 
VATT,4 
VMESH,12 

VSEL„„11 !SEA L 
MSHKEY,! 
VATT,3 
VMESH,11 

VSEL„„13 
MSHKEY, 1 
VATT,3 
VMESH,13 

VSEL,.„6 
MSHKEY,1 
VATT,2 
VMESH,6 
VSEL„„7 
MSHKEY,! 
VATT,2 
VMESH,7 
VSEL,.„8 
MSHKEY. 1 
VATT.2 
VMESH,8 
VSEL„„9 
MSHKEY,! 
VATT,2 
VMESH,9 

VSEL„„2 
MSHKEY,! 
VATT,2 
VMESH,2 
VSEL„„3 
MSHKEY,! 
VATT,2 
VMESH,3 
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VSEL„„4 
MSHKEY,! 
VATT,2 
VMESH,4 
VSEL„„5 
MSHKEY,! 
VATT.2 
VMESH,5 
VSEL,,.,! 
MSHKEY,! 
VATT,2 
VMESH,! 

VSEL„„15 
MSHKEY,! 
VATT.l 
VMESH,! 5 
VSEL..„16 
MSHKEY,! 
VATT,3 
VMESH, 16 
VSEL,.,.! 7 
MSHKEY,! 
VATT,! 
VMESH,! 7 
VSEL„„!8 
MSHKEY,! 
VATT.3 
VMESH,! 8 
VSEL..,.14 
MSHKEY,! 
VATT,! 
VMESH,!4 

VSEL„„!9 
MSHKEY,! 
VATT.l 
VMESH, 19 
VSEL„„20 
MSHKEY,! 
VATT,3 
VMESH,20 
VSEL„„2! 
MSHKEY,! 
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VATT,! 
VMESH,21 
VSEL„,.22 
MSHKEY,! 
VATT,3 
VMESH,22 

VSEL..„23 
MSHKEY,! 
VATT,1 
VMESH,23 
VSEL„,.24 
MSHKEY,! 
VATT,1 
VMESH,24 

Ichooses ai l surfaces an d applies 1  M Pa pressure 
ASEL.S,..1,26 
SFA,ALL,!,PRES,!E6 !147ps i 

FINISH 

îsolves 
/SOLU 

! symmetry 
NSEL,S,LOC,X,0 
dsym„X 
NSEL,S,LOC,Y.O 
dsym„Y 

ALLSEL.ALL 
DK,100,UX.O 
DK,!00,UY,0 
DK,100,UZ,0 
TREF,20 
BFUNIF,TEMP,600 
SOLVE 
FINISH 

! sélects a subset o f nodes 
! spécifies symmetr y DO F constraints on nodes abov e 

Idetlnes DOF constraints a t keypoint s 

îdefines référenc e température 
Idefines mode l température 



APPENDIX I I 

MATLAB SCRIP T 

%oMATLAB script to calculate température inside a  SiCN sensor chip 
clc; 
clear ail ; 
clear; 
dt=0.000!; 
dx=50e-6; 
thickness=500e-6/2; 
totaltime=0.02; 
highTi=600; 
lowTi=20; 
ratio=2.2e3; 
c=1100; 
k=l; 
colc=round(thickness/dx)+l ; 
rowc=0.02/dt+l; 
II=lowTi*ones(rowc,colc); 
II(:,!)=highTi; 
rown=!; 
coln=!; 
for J=2:!:col c 

%) sensor chip material thicknes s 
% total simulatio n tim e 
% high end température 
%olow end température 

for l=l:!:row c 
dT=II(LJ-!)-Il(I,J); 
dTup=k* dt* dT/dx/dx/c/ratio; 
II(l+!,J)=dTup+II(I,J); 
ifl-floor(I/10)*10==0 
III(I/!0,J)=II(1+1,J); 
end 
end 
end 
plotdlK:,:)); 
xlabeK'Time (ms)'); 
ylabel('Temperature (C)') ; 
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