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CENTRO DE MATEALLS DA UNNVERSIDADE DO FORTD

Ted: 02} 6091672  Fax: (23] B00M35
Fus do Cemps Alegre, 523 - 4100 FORTO
PORTUGAL

Exm® Sr.
Prof, Alberto Amaral
Reitor da Universidade do Pomo

Porta, 9501720

Exm. Prof. Alberio Amaral,

pars consideragdo de V.Exc. junto em antxo o Creamenio de Funcionamento
do CEMUP para 1997 - Manutencie de Equipamentos e [nstalagles - & umy lisia das

intervengles de manuiengldo © COMGORED - Manwiensde do Edificio da CEMILUP - que
cansidEramas necessdria @ urgentc para a boo manutengio do edificia do CEMUP & das suas

condicles de ulilizagio.
Com os melhores cumprimentos

O Presidenie da C.1 do CEMUP?

"% ﬁ‘z-'..—-r ey
- — -—-..____‘_b
—_——

Prof. Hordcio da haia e Cosli
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Manutengiv do Edificio do CEMUP

Listagem das intervenghes conideradas ecessdrias & manutengdn do edificio do CEMI P«

i sua utilizagSe nas melhores condiphes.
1. Intervenghbes oo eXIETIOr

. reparagio do revestimento das paredes exienores '
& rEvestimenio snooniri-$e &M depradagdo acelerada. com liEerag s

da pastilba do revestimento

 carrecelo do piso do exterior circundanbe do edificio
com © objective de melhorar o secssn € akiegUIIT 3 limpeia da o
ervolvente do edificio

, construcho da escods de acessc & cntrsda principal do edificio

1. Intervengiio no interior

, reparesBo das fissuras gbservadas em alguns ponlos do edificin e gie se
ancontram associadas é infiltragdo de hu midade

_ correccdo das deficiéncias do sistema de vantilagio qie c3Li0 1a arige
da infiltraclio de dgua. verificada em periodns 4z chiava Inteitsd. &

inspecgdo
do esado da respectrva tubjgem

3. Infraestruturas de apoio

_gonstrucio do sistema de refrigeragio de igua om circuile fewhadky pari
alimentagle dos laboratsrios do CEMUP. cuiju caderno de encurgos Tui
A preparads pelos Servicos de Planexnento . & para cujo financ amente
o CEMUP tem eativa sma verba resuliante do saldo do PIDDAC'HM que

cobre cerca de 30% dos Eneirgos .

0 Secretisio da C.), du SEMUP

Dautor Carias P. hdopeirn de Ma

Puro. 14 de Janeiro de 1997
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RELATORIO DA ACTIVIDADE DD CEMLUP .
EM 1991 -‘L,L\ib“ M
Introdugio .E;JW-%1

0 facto mais relevante da actividade do CEMUP am 13991 fai a
inatalagéo do novo Laboratério de Andlise de Superficies - LAS,
compreandends um conjunto integrado de facilidades de andlise de
suparficies com caractaristicas dnicas em Portugal. Dacorrantes
da dnatalagio do LAE realizaram-se acgles da divulgagio e
formagio na perspectiva de um eficiente aproveitamento, & curto
prazo, das facilidades agora disponiveis.

Decorrido cerca de um ano sobre a ocupagéo das novas

insgtalagdes estabilizaram—se a3 condigdes de Funcionamento

. adgquiridas em 1990, e desenvolveram-se as acgdes neceasdrias A
correcgio de diversas insuficiéncias verificadas.

0 atrasoc do processo de institucionalizagdo mantém o CEMUP
numa situagio de funcionamanto precdrio, Timitande a wtilizagdo
plana dos meios disponiveis e comprometende o plane do seu
projecte de desenvolivimanto.

0 conjunto da actividade desenvolvida em 1391 orientou-se
pelos seguintes objectivos:

a instalagho do Laboratdric de Andlise de Superficies:
a realiragic de acgdes de formaglio;

. @ prastagio de servigos no quadro do LMEV;

. a realizagdo de concursos para equipamento do CEMUP
no quadro do contrato de financiamento dao BIRD;

- a dinamizar a actividade do CEMUF & assegqurar a sua gestlo
corrantea.

. A necessidade de acompanhamanto da instalagdo do equipamento
da  LAS, & a ocupagio com preparagdo da dissertagio de
doutoramento impediram o Eng. Carlos Moreira de S4 de realizar
uma actividade maia intensa, quer no guadro do LMEY guer no
arrangue do LAS.

A. Instalagdio do Laboratdrio de Andlise de Suparficies |

A instalagdo do eguipamento de andlise de superficies do
LAS, entregue ac CEMUP em Dezembro de 1990, iniciou-se em 28 de
Janeiro e concluiu-se em 3 de Marge, tendo-se deslocado para o
efeito a Portugal o Eng. Zaf Hussein da V.G. Scientific.

O procasso de instalagdo decorreu de forma normal, mas a
! acorréncia de deficiéncias de funcionamento em alguns componentes
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alengou do periocdoe de instalage e motivou a realizacio de
diversas visitas do técnico da V.G. ainda durante o més de Abril.

Este processc compreendau, para além da montagem e colocagéo
am funcionamento do equipamante, uma demonstrago extensiva das
suas condiges de operaglio e a realizagdc de testes de
varificagio das ezpecificagis técnicas. -1 instalagio Ffoi
coneluida com um conjunto de sessdes de treing de operacé#o base
da toda a instrumentacio.

0 equipamento instalade tem sido mantide em condigHes de
cparagio minima & sujeito a muitiplos ensaios de operacéo. A sua
primeira aplicagio intensiva ocorreu durante as sessdes
exparimentais do Curse de Andlise de Superficies & Interfaces,
afactuads 2m Setembro, tendo camprovado as Zuas boas
caractaristicas técnicas, COma foi reconhecido pelos
espacialistas responsdveis pelo docéncia do curso.

Um componente do sistema de vdcuo - a homba turbomolecular -
sofreu ac longo deste pericdo repetidas avarias, estande o
problama em andlise na V.G, para identificagio da respectiva
cauga. Este & outres problemas menares entretanto surgidos tém
sido corrigidos pela V.G. Scientific, no guadro da garantia doe
anuipamanto.

B. Gestio corrente e dinamizacdo da actividade dao CEMUP

B.1. Paszocal

Por motives de oportunidade profissional a npa Carmen
Santos, que desempenhava as fungdes de técnica auxiliar no
apoio ac funcionamento do Laboratdric de Microscopia Electrénica
de Varrimento, cessou a sua actividade no CEMUP am Main. Para o
dasempenho  das mesmas funcdes afectuou-se, em Novembro, a
contratagdo do Sr. Manuel Mandes.

Embora tendo resolvido no imediato as necessidades do CEMUP
esta situagdo & precdria, como decarre da auséncia de um quadrao
de pesscal e da impossibiiidade de estabelecar oualguar vinculo
contratual.

Apasar das diligéncias da C.T. do CEMUP junto do Reiter da
U.P. ndc foi possivel conseguir a colocac#io de um funcicnario
administrative no CEMUP, em substituicido da D8 Virginia Verissimo
gua deixou o CEMUP em Agosto de 1980, A& rasoluglo deste problema
motivoeu a realizagdc de contactos com o Director dos Servigos
Sociais da U.P., no sentido de identificar funcionarics que
pudessem ser deslocados para o CEMUP, & a que ndo fol possivel
dar sequéncia.
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B.2. Instalagbas

Em resposta & uma solicitaglio, & Acessoaria de Planesamanto
anviou para arguiva no CEMUP cédpias do projecto do edificie
compreendende as instalagdes eléctrica, telefones, dgua e
asgotos, condicionamento de ar & ar comprimido.

Diversas deficidncias wverificadas no edificio do CEMUP foram
presentes & Acessoria de Planeamento e motivo de reclamagio junto
do construtor. Alguns destes problemas, como a entrada de dgua da
chuva no interior do edificic pele circuito de ventilaglo, e
motive de vadrias reclamagias, aguardam ainda soluglo definitiva.

pe forma a satisfazer as condigdes exigidas para o
Funcionamento dos diversos laboratérics, foram instalados filtros
adicianais nos sistemas de wventilagdc, realizadas cobras de
adaptacdo dos circuitos de &gua para refrigeragio, e instalada
uma bomba de 4dgua para aumento da pressdo nc circuito de
refrigeragido do equipamentc de difraceéio de raios-X instalado no
LDRY .

B.3. Eguipamento da Sacretaria & Servigos Comuns

Foil adauirido um computador Macintosh & impressora, pare a
Sacretaria do CEMUP, para apoio do trabalho de organizagdo de
gastioc por gue & responsavel esta unidadea.

Fat também adquirido diverso mobilidrio necessario A&
funcionalidada das instalagbes.

B.4. CondiciSes do aguipamento dos laboratdrios

O LMEY foil o dnico laboratdrio em pleana actividade durante o
arno de 1991, tendo o LPA permitido assequrar a preparagio de
amostras dos materiais am estudo. O MEVY manteve-sa continuamante
em fuRsionamento, em boas condicdes gerais, tendo-se verificado
uma avaria do sistema dea contral do espaectrametro da raios=%X por
digspersdo de anergias (EDS) aue exigiu o sau anvio para raparagéo
na Holanda & impossibilitou a sua wtilizagédo durante um periodo
de cerca de um més am JaneirofFevareiro. A instahilidade & mau
funcionamanto dasta unidade fundamenta a rRecessidade da gus
rencovacio, ja am curso.

B.5. Divulgaglo do CEMUP

Fara divulgagio da actividade & facilidades disponiveis, foi
editado um folheto descrevendo os lahoratérios existentes no
CEMUFP, que foi largamente difundido por correio conjuntamente com
o Reguiamento de Prestacdo de Servigos.

O CEMUP gsteve presente na INFCRTEC 91, realizada na EXPONOR
am Margo de 1931, tends apresentads um poster dascravendos a
actividade & os laboratdrios existentes do CEMUP.

po—-678 : 0007



€. Prestacdo da sarvigos

A actividada dea caracterizacido de materiais desenvolvida no
Amhito do CEMUP, G140 1991, & apeanas referanta ao LMEY,
encontrando-se a utilizagio do LAS em fase de arranqua.

Esta actividade, referenta A listagam anexa, correspondeu a
181 gcgdes @ & uma ocupacio Gt11 de 459 horas. Eztea nival da
utilizagio apresenta uma reducso da actividade am ralacdo a 1881,
Jd explicada palas condigdes de ocupagio do Eng. Carlos de S4.

0 trapalhos efectuados, aue envolvaram a caracterizacgio deé

materiais muito divarsos = maTals, caeramicos, compasitos,
ravestimentos, bioldgicos.... - com o objeetive da sua
caracterizaclo marfolagica, estrutural e da composiglo,

rasultaram maioritdriamente de soiicitacdes da Univarsidade @
Centros de Investigacio, nomedamente:

. Universidade do Porto:
Faculdade de Engenharia

Deapartamanto de Engenharia Metaldrgica
Cantro da Matalurgia da U.P. :
Departarmento de Engerbaria Mecdnica
THEGT
Centra de Engennaria Quimica
Laboratério de Ensaioc da Materiais

Faculdade de Ciéncias
Cantro da Figica da U.P.

Instituto de Ciéncias Biomédicas Abel Salazar
Cepartaments de Anatomia
Departamanto de Bioleogia Celular
Departamanto de Zoologia Acudtica

Centro de Citologia Experimental da U.P.

. Universidade do Minhs
Cantro de Quimica Pura & Aplicada
Departamento de Ciéncias da Terra
Centro de Citéncias & Tecnologia de Materiais
Departaments de Fizieca

Universidade de Aveirao

Dapartamento de Engenharia Cerimica e do Vidro
Departamento de Biclogia

Universidade Nova da Lisboa
Departamento de Quimica

@ apoiaram projectos de investigacdo e trabalhos da mastrado
e doutoramentc. Foi também prestada colaboragio na realizaclo de




cursos & visitas de estudo com interesse na divulgagio destas
técnicas.

0. Realizagio de cursos & acgies de formagto

Aproveitando a oportunidade da instalagfo do Laboratério de
Andligsa de Suparficies foi realizado no CEMUP um de Curso de
Curta Duracio:

" Andlise de Superficies & Interfaces

Espactroscopia de electrbies Auger: AES/SAM
Espactrascopia de fotoelectrées de raics X: XPS

-

que decorreu no CEMUP de 23 a 27 de Setembro, 8 tands como
Comissdo Organizadora:

Prof. Hordcio Maia & Costa [CMET / CEMUP= U. Parto)
Eng. Carlos P. Moreira de S& (DEMEGI/ CEMUP- U. Parto)
Frof. Fernando J. Monteirao (CptR Eng. Metalurgica- U.Pertol}

Prof. Maontairo Baptista (OptQ Eng. Mecdnica- U. Porto)
Prof. Joaquim Viaira [(Cpte Eng. Cerdmica- U. Aveirg)
Profda. Terassa Vieira (Deptd Eng. Meclnica- U, Coimbra)
Frof. Martin Andritshky (Deptd Fisica- U. Minhal

O curse incluiu um conjunto de ligdes tedricas gue foram da
rezponsabilidade de:

nOr. Jahn Watts - Universidade de Surrav (U.K.)

Jr. Mark Baker - L I '

Or. Ian Sutherland - Univarsidade de Loughborough (U.K)
or. G. Lorang - CECM / CNRSE - VITRY (Franga}

e também a realizagdo de sessbes experimentails nas tdenicas XPS
& AES/E5AM, orientadas pelos mesmos aspecilaistas.

Participaram neste curso 25 investigadores e tdcnicos da
universidade, laboratérics do aestado & empresas, de entre 44
candidatos, correspondendo & seguinte distribuic#o:

Universidade do Porto - 18
Universidade de Aveiro - Z
Universidade do Minho - 2
Universiade({s) de Lisboa - 3
Labaratérios do Estado - 3
EmMpresas = 3

Acs participantes foi distribide um wvcluma contendo os
apontamentas praparados pelos docentes do curso, & uma publicac#o
da sspecialidade.




E. Aguisigfo de livros & revistas.

Para desanvolvimanta da Biblioteca, procedeu-se & renovagfo
da assinatura, para 1932, dasz revistas:
— SCAMNING MICROSCOPY
- SCAMMING
e realizou-se a aguisigio de diversos livros e revistas em Areas
de interesse para apoio dos laboratérics existentes no CEMUPR:
andlise de superficies e interfaces;
técnicas de caracterizagliac de materiais;
andlise de imagem e metalografia quantitativa.

F. Eguipamento do CEMUP
Acgdes desenvelvidas ne quadre do " Projecto de Educacio
Tecnolégica = / BIRD, para eqguipamento do CEMUP

Com base no plano de equipamento para 1990/91, aprovado pela
C.1. do CEMUP, & considerande o financiamento disponive! para
1892, foram efectuados-se concursos piblicos para a aguisicio de:

11). Espectrémetro de raios X por dispersbo de energias - EDS
[(2). Unidade laboratorial de corte por electroarosio

13). Unidade avangada de fusdo por arco

{4). Méguina universal de corte meclnice

Para o& eguipamentos (1) & (2) foram ja& concluidos os
contrates de adjudicagdo, aguardando-se a entrega do equipamanto,
Os equipamentos (3) e (4) foram j& selecionados aguardando a
dacisde final da Reiteria da U.P. para a realizaclo da raspectiva
adjudicagdo.

He conjunto estes equipamentos envolvem um  investimento
global de 3B 396 465300 {incluindo IVA).

G. Objectivos para o plano de actividades em 1992

~Por forma a permitir o desenvolvimento e alargamants da
actividade do CEMUP, nos termos do seu projects de instalagdo, o
olanc de actividade a desenvolver em 1992 davers oriantar-se
palos seguintes cbjectivosa:

Organizagio do CEMUP:

- institucicnalizagic do CEMUP
. contratagdo do passoal necessdrio ao funcionamento de todas
as estruturas, incluindo a contratac#io da um técnico

suparior para apoio dos laboratérios de caractarizacéo dae
materiais




Equipamento & funcionamento dos laboratérios:

. arranqua de funcionamanto do LAS, & aguisiglo de equipamento
complementar de preparagio de amostras;
aquisigio & colocagdo em funcionamento do equipamento jé
sujeito a concurso em 1921 no quadro do programa BIRD,

. aguisiglo de livros e revistas nas draas de andlise de
superficies e preparagdo de materiais com interesse para a
actividade dos laboratdrios axistentes no CEMUP;

Desanvolvimente da actividade do CEMUP:

. campanha de divulgagéio do CEMUFP, e das técnicas analiticas
existentas no LMEY & no LASE e suas aplicagles;
. expansdo da actividade de prestagic de servigos pelo CEMUP
para & universidade & para as empresas, pala promogio da
.‘ realizagido de acordos & contratos;
. realizagdo de cursos e de fTormagdo cocientifica e técnica,
e conferédncias / semindrics de divulgagdo nas dreas de:
- Microscopia Electrénica de Varrimento & Microanalise
- Técnicas de Andlise de Superficies

compreandenco  nomeadamante realizagéc, durante o més de
Abril, do curso de curta duraglo:

Cursd de Andlise de Superficies & Interfaces de Materiais
com Aplicagdoc Tecnolégica

Dr. L.d4. Hanakamp (H)}, Or. E.G. Keim, Eng. Carlos de S&

@ a realizagio am Satembro / Outubro de um curso de curta
duragio:

Introdugdo & Microscopia ctlectranica de Varrimento
e Microandlise por Raios X "
. Eng. Carlos de 5&

@ a promogic da colaboragio do CEMUP na realizaglc de

seminidrios e sessbes de demonstragino, integrados na
act1?1dnﬂe curricular dos curscs da Universidade do Porto
com Interesse nestas dreas.

CEMUP, 22 de Janeirao de 1992

] Eecr%fifin da C.I. do CEMUP
T

Eng. Carlos P. Moreira de 54

AMEXDS - A: LMEV - Lista de trabalhos realizados em 1991

B: Programa & lista de participantas no curso dea -
Andlise de Suparficies & Interfaces
€. Folheto de divulgaglo de CEMUP editado em 1991
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MICROSCOPTA

E MICROAMALISE

[ MEY - dos trabalhns

NOuE

Lista

Engd Paele Wimire

Engd Delew VictdriziPraf.  Joamin Vimini

Eri Ouleingia  FerrefrafPraf.  Loogws Bartista
EBagl Warip Elissbete Costafimef.  Lotes daetista
Fagh Proln SileeiriskasPref.  lopes lastiste
fagh Crigtina Eiteirs/Prof.  Nirie HBurbosi

Eagd Oscar Mstaflr. Josd Coegng

feql Anz Neria ProssgafPraf,  Unpawim Simodio
Prof. Hearige Saaisg

Praf. Teizeirs da 5ilns

Br. Bsusy PereirnfProf.  Keeo Graede

Engd Terasi Fersirs Daarte

Engd Terema Pereira Daarie

Br. ketiads Fais

Prafl Cladida Gl

fr. Meriges Bordalo 4 B

Profl Chadida &

traf, Fermpsg: de Qesire

Erpd lergsz Rareira :
GELLER PORTESIEEY

ir. Ciximfra Cotha

Eagd DBemingas dst Santoe

Tri Mariy Beiess Lirey Bilva

EAge Paula Silwaforsf.  Jesd Figimiredn

Ensd Fhaine Dalledotefdref.  Wirip Eirkest

Engd Jogd Latrincha/Praf,  F, Weroess

¥rof. Fersindo de Cagtrs
Brd Meriz Erigiize Ferreica
i, Jotd Ohivedrd

Eagd Elsine  DalledorsiPraf.
Ergd Mariw Jelie Tredraferef,
Prof, Faraaede ds Castro
Fraf.  Lgsasta  Fermpedes
Eng? latfaie #iate MareiralFrod.
Eigd Elirabete Castaféraf.
Eagl Florieds CostifFrof. Joaguim Wieire

Enpd Pawle Sibveifref.  Fermands  Jorge Westeio
Fraf. Ferminde €2 Lastre
Encd Peale Sikwairishe/Prof,
Engd Terase & Sessa/Praf,
Fraff One Zegadles

Frof. Zesrique Zastes
Ea30 Aatdmic Pinto MereiredProf,
Engd Josd Domingss

fr. fogd Plsgerroifnaf,
Praf. Fernasdy Nersees
Ord Cristing Farreire
Fogd Api Betoffrof.  Barkess de Magaindes
Engd Gristiea RibeirafProf,  Wiria Barbose

Rirny Bafeasd
iEss & Bels

Joigate  Vieirn
lagks Eaatiste

Loaes Aapdiste
lagh Figumireda

Jokaae  WuEvEg

Bobwrin  Saless
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CEMUP

CENTRO DE MATERIAIS DA UNIVERSIDADE DO PORTO

RUA DD CAMPO ALEGRE, 82T + 4100 FORTO

g A QUEM SE DIRIGE

Este cursp ¢ dmigeio a investigadores € técnicas da
universidode, dos laboratdrios do Esledo e ds inddstra, & &
esnudentes pos-graduados, com inmentsse no desenvobyimanto,
caraclerizacs) ¢ contrody de matedials, &m doeas com especial
Interpsee na compodche des superfishes ¢ mterfaces em
materiaig, nomgadaments nos campos:

* reveslEmenios: wlimicos (plasma e chamal, em fase
gasosa {FYD, CVD) e electroguimicos

* LrEtamands de superdicie
~ termecuimices: cementaco, nitruragio, fesfatacio.
= ermpmecinices

U omosdo

* hibologs

* mateniais Compisitos, cerdmone ¢ paliméninos

* catalss

* biomatediss

* comiconduiores

* contaminegd d supirlicie em matonses ndusirais

4. INSCRICAD NO CURSO

A propina de inscriclo no curse ¢ de Ese: 55 000400, e o
Mmeso de participartes & hmitsds a um mésime de 25

A insCriCio provisoma no cuwse deverd ser efectyada até 12
de Maio utilizando o boletim em arexg. Al 1 de Junho serd
confemada @ aceitagdo do inscricio, aods o que deverd ser
BsSeguUrada o Imedialo pegamenta da respective proping

5. COMISSAQ ORGANIZADORA

Peof. Hordcio Mass ¢ Costa  (DMET 7 CEMUP - U, Porto)

Eng. Cadlos P Moreie de 54 (DEMEG! | CEMUP - U, Porl
Prof. Femando J. Monteio  Mpe® Eng. Metalfugica - U, Portal
Praf. Monteiro Bapitista IGpt? Eng. Mecdnica - U, Portol
Prof. Josguim Vieirg {Bt? Eng. Cerdmica - U, Avewo]
Prof? Tetess Vatir [Dgst? Eng. Macdnica - U. Coimnbra)
Prof. Martin Anantshky Dpt? Figica - U, Minha!

CEMUP *

CENTRO DE MATERIAIS DA UNIVERSIDADE DO PORTO
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CURSO DE CURTA DURACAOQ
ANALISE DE SUPERFICIES E INTERFACES

* ESPECTROSCOPIA DE ELECTROES AUGER: AES/SAM
* ESPECTROSCOMA DE FOTOELECTROES DE RAIDS-X: ¥PS5

23 A 27 DE SETEMBRO DE 1991

AL DD CAMPO ALEGRE, 823 = 4100 PORTO
TELEFOME: SODTET2 = TELEFAM: GOD3654




0. INTRODUGAQ

A Cibncia & tecnolngia dos metenas consegui, ras aimas
dicadas, o dasesvolvimante & o producdo de uma largs gama
e maletiais CoM nOvas proprisdades imecanices, sléciricas,
Gpbces. .. ], spmEndo-sE num canhedmenta extensivo das
peopeiedades locais, & na capacidade dk prajecty & conbrole da
mécrasirutura dos materiais.

O conhecsnento das plopiedades das superficics ¢ dos
interfaces ism revestimenios, alou enire fases] nos divereos 1pos
de matéaigis tém um papel essencial, e imple gue & nvesigacha
& isAleinie & 0 S6u proecto 8 condrode de producdo, se apoiem
em pécracas capapes de obter informacies sobre as suas
progncdsdes 8 8 composicie guimica lecel, com elevada
resalucdo cspacial,

& Cenire de Mateniais da Universidade do Porto, ingialouw,
rEcaniemende, wn Lalboratdeio de Andlss da Superficies - LAS.,
cormpheendendds dnodsas tEonicas cxponmanias [AESISAM,
XP5...] para o estudo e caracienzacho de supbificies ¢ intedaces
o wma grande diversdade de materiais o2 aniefessa para &
irvestigacho aalicada ¢ com aplicacio tecnolégica.

1. OBJECTIVDS DO CURSO

A realizacBp deste curso tem par ohgstive a lonmagdo
ciemifica @ téonica de inveslipgatares & [ECNICHS, SO IMEELER
na Cwacterizacds de superficies e interdfaces, transmitindg
wid wisdo dorilundada dos prncipos fundamentais destas
técnicas de especiroscopdn de elecirBes, dos seus miodos
# potercialidades, e dos procedimentes da sup aplcecio
aupazimental e de exploracds de resuliados,

Pretende-se, também, com este owso, contrbwn pare @
sapansin da utliragio de Méenices avencadas de carectenzecio
e matearaas, @ criar condipoes para o electivo aproveitamento
dos eguipamentos spord instalados no CENUP.

! PROGRAMA .

A, Perspectiva geral das técricas de andlise de superficies e
interfacas.

B. Espectroscopla de elctries,
principios, instrumentacha, informaedo

C. Espectroscapia de slectriies Aupuer - AES/SAM
méados, infoimacse, nama e sensibfidade
resalucho e & pmoplafundidades
pndlize qualitative 2 quantitativa
mapas de composicio elementar - SAM
perfis em profundidade, por erosan oy

0. Espectioscopis de fotoelechies de rabes X
rétode, informacia, gama ¢ sensibilidade
respiucda om profundidsde
anblise gualitative @ guantitativa
gndlige de drea seleccionada
porfis em profundidade por erosho idnica

E. Anblise de especiros ¢ tratamento de dadas
F. Problemas de preparacdo & manipulacho de amostas

Bplicagies. Sessdes tedncas | Sessdes priticas

* Aphcacods na osiuda de fimes e revesbmenios

o hpleacdns em matenss cerbmicos | compdsites

» Aphcactes em metalurgia/conosiofencmanns de afsoman
= Aplicagdes em polimends

* Aplicacdes em Iribologa

g pulas oraticas, para Aém dademonsiracdo de aplicacces,
darko especial atengdo a0 estudo de amosiras e problemas
coam imigrEsse pana of frabalhas dod parmeipantas,

o

DOCENTES:
Or. John F, Warnrs — Universidede de Surmey (UK.
Dr, lan Sutherdand — Universdade de Loughborough (UK.
Dr. G. Lotang — CECM de Witry - CMNRS [France)
Or. Mark Baker  — Usiversdade de Surrey (UK.
rapecizliste da VG, Seentidfic (a confirmar}

DOCUMENTAGAD:
Todos o5 paticipantss receberdo texios 4= apoie 506 curses
tednoos, em gque se inths um sxemplar do liveor AR
introdiction fo Surface Anafysis by Electron Spectroscopy”
de que & sutor o Or. John F. Watis

CURSO DE CURTA DURACAO
ANALISE DE SUPERFICIES E INTERFACES

+ ESPECTROSCOMA OF ELECTROES AUGER: AESSAM
« ESPECTROSCORA DE FOTOELECTROES DE RAIOS-X: XPS

DATA  : 23227 ce Setembro de 1934
DURACAD: & dias - compreendends aukas tzbncas & prancas
LOCAL  : Centra de Meteriais 43 Uriversidede do Pomo - CEMUP

BOLETIM DE PRE-INSCRICAD
A ENVIAR ATE 12 DE MAIO

NOME: - N —
AREA DE ACTIVIDADE: —
ORGANISMO: S S —
FUNCOES: . B S

ENDERECO: TR o _
COR, POSTAL:

TELEFOME: __ . . FAX: ——t -

DATA: 1887/ _ ¢

ASSINATURA

At 1 de Junno o CEMUP confirmard 2 acedtagdd A
irger chp, apés o oue deverd ser assequiads o medialg
pacaments da respecla proping
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L.A.S.
Laboratorio de Andlise de Superficies

Andlise guimica de superficies interfaces em condicdes de ultra-alto-vacun
(10 ) a 10 ]I'"ll'lﬁdr'

gspeciroscopia de electrboes Auger: AES
pspeciroscopta de foroelecirfes de raios X - XP5
amalise de elementos d= Li an U & informacan de igacan quimica
ODSarvacad am MmMCroscopia electronica da vamemeanic
rmapgs de digstribucio aleameantar am superficie
pertis de degtnbuiceo de concanlracao elemeantar 8&m espaEssura
camara auxibar de preparacao de amastras permitindo
limpera da superficie por bombardeamento (GRico
! fractura de amostras em LLH.Y
1
L S

Os Labhoratdrios disponiveis ng CEMUP gualificam-no para
a A cargcterzacdo morfoldgica de superficies. SOm glevada resalucEd

& A andliss auimica elemantar de wme regido arbitrana da zona observada Com Wma resciuca asp icial de
algung micron

® A anglizse guimica eleméntar, & de hgdcad quImica de guparficies e mterfaces com uma re LBILCED B

gspassura alguns nanameiros

# A andlize da variagelio da composicas alemantar em Su orficis ow aSpESsL i elevacda res ICA0 BSpac

des materiais salidos dos mas divorsos hipos
» metais. cerdmicos, compdsitos, semi-condutores, polimenos Ee]be b la
apresantando-se sob divergas formas ¢ &31ados de agreqacao

s amosiras compactas 1;-:”-.".1--1 ¥5, S, lEminas, Secq ] L SHirme

SOm Iinfergsse para
s o astudo e desanvalvimento dié novos Materas i
» g caractefizacio ¢ controlo das condicdes de fabrico, ratamento € of gEsamenty |
B G ]
de maternais
& o conticle de gualidade & Caractanzaian do falhas de materndls e BAFYH

L= e —_
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RELATORIO
de realizacio do Curseo de Curta Duracio:

" Andlise de Suparficies e Interfaces

Conforme programado, decorred no CEMUP de 23 a 27 de
Setembro de 1991, o Cursa de Curta Duracio - 2 Andliae de
Superficies & Interfaces

0 curso incluiu um conjunta de lighes tedricas = Ccom uUma
duragio total de 14h - oue foram da responsabilidade de:

Or. John Watts - Universidade de Surrev (U.K.) |
Dr. Mark Baker - " - - |
L Dr. Tan Sutherland - Universidade de Loughhorouah (U.K)
. Dr. G. Lorang = CECM / CHNRS - VITRY (Franca)

e também a realizacido de sesstes experimentais nas técnicas XPS e
AES/5AM, orientadas pelos Dr. Watts., Dr. Baker & Dr. Sutherland.
com uma duraclo 0ti1l de &h por participante. num total alobhal da
A0 horas para o conijunto dos arupos,

Mao se concretizou a participacdo dea um eanecialista da VG
scientific, aqgue dnicialmente havia =side asseaurada por asta
ampresa. npor falta de disponibilidade de pessaal.

Participaram neste curso 2?58 investioadores a téenicos da
universidada, laboratdrios do estado e empresas. =elaccisnados
pala Comigasio Oraaniradora de entrae 44 pré-inaricles., &
correspondendo 4 seguinte distribuicdo:

Universidade do Porto -1

Universidade de Aveiro =
Universidade do Minho
Universiadeis) de Lishoa
Laboratdrinos do Estado

. Empresas -

Como textos de apoio ao curso. foi distribuide a todos os
participantes, & livro:
“An introduction to Surface Analvsis by Electron Spectroscapy”
da autoria do Dr. John Watts,
e um volume contendo og apontamentos preparados pelos docentes do
curso, correspondentes as respectivas liches tedricas.

i
LI R I LT T N T

0 financiamento do curso  foi Aasseaurado com  base nas
propinas de incricio & nos subsidins concedidos pelo INIC & nalo
British Council, aguardando-se ainda uma resposta da JNICT ao
pedido de apoio oportunamente efectuads.

po-678 @ 0021



0 curso decorreuy em boas condigbes, @ contol com uma
participacdo muito interessada. tendo as sesstes experimentais
utilizado em muitos casos amostras dos participantes.

A andlise dos resultados de um inouérito realizado no final.,
permite concluir gue. apesar de aloumas limitacées apontadas As
sassbes exparimentais. 0O CUursc correspondey Ao interasse @
axpactativa da larga maioria dos participantes.

Como wvantagens complementares esta realizacio permitiu o
teste extensivo de operacéo de todo o equipamento insttalado no
LAS por 1nvestigadores exparientes na aplicacio da espectroscopia
de electrées, e o estabelecimento de contactos da maior utilidade
para o futuro.

CEMUR, 28 Qutubro de 1991

O Secretdrio da C.I. do CEMUP

Py o

Anexos:
. Proarama
. Lista de participantes
. Balango de receitas e despesas
Resultados do inguérito acs participantes

po—-678 : 0022




SHORT COURSE ON:

SURFACE AND INTERFACE AMALYSIS

With:
* Auger Electron Spectroscopy ! AES/SAM
¥ X-ray photoelectron speRctroscopy : ZPs

Final Program
lactures: 14 Raurs
exparimental sessions: 30 hours { 6h sach group - 4 x 1.5h))

23 /SEPT = MONDAY

9.15 H Course preseantation _
.30 H S51: General review of surface and interface analysis

technigues : methods, info. and applications,.

Electron spectroscopy - Basiec principles
amission of alectrons fram solids
instrumentation

Dr. J. wWwatts

11.00 H Coffees break

11.15 H 52: %¥P5/1 = X=rav photoelectron spectroscopy
Dr. Ian Sutharland

12.45 H Lunch break

14.00 H 53: XPS/1 = ¥=-rav photoslectron spectroscopy
Dr. Ian Sutherland

16.00 H Coffea break

16.30 H  S4: AESS1 - Auger electron specLroscopy
Dr. J. Watts S Dr. M. Baker

24 /S5EPT= TUESDAY

9.00 H S5: AES/2? - Auger electron specLroscopy
Or. J. Watts / Dr. M. Baker

10.30 H Coffea break

1i0.45 H S6: EPS/3= X=ray photoslectron spectrosScopy
Dr. ITam Sutherland

12.30 H Lunch break

14.00 H S7: AES/3E - Auger electron spectrosScopy
Or. G. Lorang

16.00 H Coffee break

16.30 H SA: AES/4 - Auger electron spactroscopy
Or. J. Watts / Dr. M. Baker

po—-678 : 0023
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25/5EPT - WEDNESDAY

.00 H Gi: KPS/A: Taboratory XP5

11.00 H G2: AES/A: laboratory - AES
G1: XP5/B: data analysis - XPS

Dr. Sutherland
Dr. Watts / Dr. Baker
Dr. Sutherland

14.00 H G3: XPS/A: laboratory - XPS : Dr. Sutherland
G2: AES/B: data analysis - AES : Dr. Watts / Dr. Bakar
15.45 H G4: AES/A: laboratory - AES : Dr. Watts / Dr. Bakar
G3: XPS/B: data analysis = XPS : Dr. Sutherland
26/SEPT = THURSDAY
9.00 H G5: XPS/A: laboratory = XP5 : Dr. Sutharland
G4: AES/B: data analvysis - AES : Dr. Watts / Dr. Bakar
11.00 H G1: AES/A: laboratory - AES : Dr. wWatts / Dr. Baker
G5: XP5/B: data analysis - XPS : Dr. Sutherland
14.00 H G2: XPS/A: laboratory - XP5 : Dr. Suthaerland
Gi1: AES/B: data analysis - AES : Dr. watts / Dr. Baker
16.00 H G3: AES/A: labaratory - AES 1 Dr. Watts / Dr. Baker .
G2: XP5/B: data analysis - XPS : Dr. Sutharland
27/SEPT = FRIDAY
9.00 H G4: XP5/A: laboratory - XPS : Dr. Sutherlanag
G3: AES/B: data analvsis = AES : Dr. Baker
11.00 H G5: AES/A: laboratory = AES v D, Bakear
Gd4: XPS/B: data analvsis = XPS : Dr. Sutherlang
14.00 H G5: AES/B: data analvsis - AES : Dr. Baker

16.00 H Final discussion
(G1,62,.... - lapal for each group of students)

Parallel sessions:

25/8EPT - AES applications / g1scussion - Dr. G. Lorang
to canftirm:
25/SEPT - Development of xXPS gxpart system - Cr., Baker
28/8EPT - V.G, Sciantifie prasentation (to confirm)
LECTURERS :
; Dr. John Watts Upt. Matarials Science (Fax: 433 31040)
Or. Mark Baker University of Surrev - UK
Dr. Tan Sutherland Dpt. of Chemistry (Fax: 509 2331863
Univaersity of Lovwgborough - UE
. Dr. G. Lorang Centre D'Etudes de Chimie Metallurgigue
Vitry - FRANCE (Fax: 1 46750433)
_4_
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CURSD DE ANALISE DE SUPERFICIES E INTERFACES
(23 a 27 de Setembro)

LISTA DE PARTICIPANTES

Antdnio José Silvestre Universidade de Lisboa
M2 Amélia Martins Almeida Instituto Sup. Técnico
M2 Jofo Oliveira Basto Instituto Sup. Técnico
Dulcinea H.R. Santos Lneti
Regina Santos C. Tec. CerGmica e Vidro
{ Coimbra )
Universidade de Aveiro
. Filipe Hanuel Silva Lopes Universidade de Aveiro
Paula Luisa N. Braga Fac. Engenharia U.Porto
Suzana M2 Ribeiro e Souse Fac. Engenharia U.Porto
M2 Cristina de C. Ribeire Fac. Engenharia U.Port
M2 Teresa Campos Tavares Universidade do Minho

Ednan Joanni

Eulélia Carvalho Pereira
Rui Carlos Pinto Soares
Antdnio Torres Marques
Paula Cristina P.51lva

Josié Manuel Ramos Gomes

Vitor Amaral

Barbedo de Magalhfes
Rui Neto

Emanuel A.D. Silva
Teresa Monteiro Seixas

Filomena Conceicéo Viana

Francisco Pires
Soraya Patricio

M2 José Ferreira Dliveirs

DOCENTES:
Dr..John F. Walls
Dr. lan Sutherlend
Dr. 6. Lorang

Dr. Mark Baker

Fac. Ciéncias U.Porto
Fac. Engenharia U.Porte
Fac. Engenharia U.Porto
Fac. Engenharia U
Universidade do Hinho
Fac. Ciéncias U.Porto
Fac. Engenharia U.Porto
Fac. Engenharia U.Porto
Minas e Metalurgia
Fac. Ciéncias U.Porto
Fac. Engenharia U.Porto
Texas Instruments
Institute Electrdnico Port.
Petrogal

Universidade de Surrey (U.K.)
Universidade de Loughb (U.K.)
CECH de Vitry- CNRS France

Universidade de Surrey (U.K.)




CURSO INTENSIVOD DE ANALISE DE SUPERFICIES E INTERFACES

CEMUP/AN.SUP - SET/91 - INQUERITD

1 Qualidade das exposicies ledrices...
22 Qualidede de documenlagBo fornecida..

32 Imporlancis e articulag@o dos temas
lratados pelos diversos inlerveniente

" 42 Organizecfo deos sessbes pratices......
22 Funcionamento efeclivo das s.praticaes..
62 Interesse geral do CUrS0.....ie
72 Relag@o quaelidade/cuslo de inscrigBo....

82 OGrau de satisfacéo relat.a expectaliva...

. indices . 2 E 4 3
l]unstuas 1 _ ) o - o
_____ I — S TS
Tz - - N 13 a
N - 1 o |
T i I g B 2
5 _ | I B L
b2 - R 2 |12 | 5
7 3 |4 10 2
- 1 3 N 4
T —eae b i _
Fu-r'um dlstrmu[dus 24 mq_:_u_ey_r_us i T
Foram enlregues devidemente preenchidos 19 | T
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CEMUP

CENTRO DE MATERIAIS DA UNIVERSIDADE DO FORTO

RUA DO CAMPO ALEGRE, 823 » 4100 PORTO

!A QUEM SE DIRIGE

Este curse & diigida 8 investigadores e técnicos da
universidade, dos laboratdrios do Estado e da inddstria, & a
estudantes phs-graduados, com interesse no desenvolviments,
caracterizac3o e conrodo de materiais, em &eas com especial
inNeTEsse na composicho das superficies & interfaces em
materiais, Nomeadaminte nos campos:

* revestemenios: térmicos (plasma e chamal, em fase
gasosa (PVD, CVD) e electroguimicos

* tratamentas & superficie
- termoquimices: cementacio, nitruragio, fosfataclo...
termomecAnicos
* cofrosio
* Inbolagea
® mildviais compdsnas, cerdmicos e polimbnges
* caldlise
* mdmateniais
* semecondutores
* comaminagio de superficie em materiais industriais

4. INSCRICAO NO CURSO

A propina de inscriclo no curso & de Esc: 55 000500, ¢ o
niimera de partcipantes & limitado @ um mixime de 25,

A mscricio provisdans no curso deverd ser efeciuada aé 12
de Main utilizando o baletim ém anexo. Até 1 de Junha serd
confirmads & aceitacdo da insencio, apis o que deverd ser
assegurado o imediato pagamenta di réspectiva propina,

5. COMISSAO ORGANIZADORA

Prod. Hordicio Maia & Costa  (DMET / CEMUP - U, Porta)

Eng. Carlos P. Moreira de 54 (DEMEGI | CEMUP - U. Porto)
Prof. Fernando J. Monteire  (Dpt® Eng. Metakirgica - U, Porto)
Praf. Montero Baptista iDpt* Eng. Macanica - U. Portol
Frof. Joaquim Vieirs iDp1® Eng, Cerdenica - U, Aveirol
Prof? Teresa Vieia (Dpi* Eng. Meclnica - U, Coimbea)
[Dpt® Fisica - U, Minko)

Prod. Mastin Andritshly

w

CEMUP

CENTRO DE MATERIAIS DA UNIVERSIDADE DO PORTO
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CURSO DE CURTA DURACAD
ANALISE DE SUPERFICIES E INTERFACES

* ESPECTROSCOPIA DE ELECTROES ALUGER: AES/SAM
* ESPECTROSCOMA DE FOTOELECTROES DE RANDS-X: XPS

23 A 27 DE SETEMERO DE 1991

RUA DO CAMPD ALEGRE, B23 = 4100 PORTO
TELEFOMNE: GOO16EY2 = TELEFAX: BO0O3IES54




0. INTRODUCAD

A cséncia & tecnologia dos materisis conseguiu, nas Oltimas
décadas, o desenvolvimento e a produgio de uma larga gama
de matenias com novas proprisdades (mechnicas, eléctricas,
dpticas...], apoiando-se num conbicimento extensivo das

pm-pliedadeg locais, & na capacidade de prajecio & controlo da
ricroestnatura dos matesiais,

0 conhecimento das propriedades das superficies e dos
mbirfaces {em revestimentos, afou entre fases) nos diversos tipos
de mabenkss tem wm papel essencial, & impde qua ainvestigacio
€T Matenas @ 0 Sty projeclo @ controlo dé producio, se apossm
em técnicas copazes de obter mformacdes sobre a5 suas
propriedades & a composic3os quimica local, com elevada
fER0lucE espacial,

0 Centro de Materiais da Universidade do Porto, instalou,
fecenbement, um Laboratdeio de Andlse de Superticies - LLAS,,
compeendendn diversas téonicas expenmentass [AES/SAM,
HIPS...) para 0 estudo & caractenzacdo de superfices & interfaces
de uma grande diversidade de materiais de interesse para a
investigacdo aplicada & com aplicagio tecnoldgica

1. OBJECTIVOS DO CURSOD

A realizacho deste curso tem por objective a Foermagho
cientifica e técnica de investigadores e 1ACnecos, com interessea
na caracterizaclo de superficies e interfaces, transmitindo
wmd visio aprofundada dos pencipios fundamentais destas
técnicas de especiroscopia de electrdes, dos seus métodos
& potencialidades, & dos procedimenios da sua aplicapda
expermenial & de exploragio da resuliados.

Pretende-sa, também, com este curse, contribuir para a
expansdo da whilizacio de 1écnicas avancadas de caractezacio
e matends, ¢ cnar condices para o electivig apravitamenta
dos squipamentos aqors instaledos no CEMUP.

Q. PROGRAMA, .

A, Porspectiva geral das técnicas de andlise de superficies ¢
irtirfaces.

B, Espectroscopia de electries,
prinGipeos, nstrumentaclo, informagio

. Espectroscopes de elecirdes Auguer - AESISAM
métedos, informagio, gama & sensdnhidade
reschucio lateral e am profundidade
andlise qualitativa ¢ quantitatva
mapas di composicho elementar - SAM
pertis em profundidade, por erosdo inica

Espectroscopia de fotoslectries de ralos-X
método, informacio, gama & sengibibdade
resolucdo em profundidade

andlise qualitatrva & quaniiading

andlise de dred selecoonads

perfis em profundidade por exosio idnica

o

E. Andlise di espectios & tratamento de dados
F. Problemas de preparacho & manipulagdo de amostras

G. Apkcaches, Sessfes tedricas [ Sessbes prdticas

e Aplicacdes mo estude de filmes e revestimeniog

= Aplicacdes em matenais ceramecos | composilos

» Aplicaches em metalwgalcomosdo fendmenos de adsorgio
* Aplicacies em polimercs

* Aplicacdes em tribalpgia

As pulps priticas, para além da demonstracio de aplicaghes,
dardo espacial stencho 30 estudo de amasiras & problemas
com intenesse para of trabalhos dos participantes.

DOCEMTES:
Dr. John F. Watts — Universidade dé Surey (UK.
Dr. lan Suthedand — Unevirsadade de Loughboeough (UK.
Dr. G. Lorang - CECM de Vitry - CNRS (France]
Dr. Mask Baked — Universidade de Surrey (UK.}
Especishists da V.G. Scientific (a confinmar)

DOCUMENTACAD:
Todos 05 participantes receberBo texios de apoio 805 Cursos
tedricos, em que 3 inclui um exemplar do lvig: “An
introduction fo Surface Analysis by Electron Spectrascopy”™
e gue & autor o Or, John F. Watta.

CURSO DE CURTA DURACAO
ANALISE DE SUPERFICIES E INTERFACES

» ESPECTROSCOPA DE ELECTROES AUGER: AES/SAM
» ESPECTROSCOMA DE FOTOELECTROES DE RAIDS-X: XPS

DATA  :2%a 27 de Setembio de 1997
DURACAD: 5 dias - compréendendo aulas tedricas & pedticas
LOCAL  : Centroda Materiais da Universidade do Posto - CEMUP

BOLETIM DE PRE-INSCRICAO
A ENVIAR ATE 12 DE MAIO

HOWE:
AREA DE ACTIVIDADE:
ORGANSSMO:
FUNCOES: -

EHDERECD:
COr. POSTAL: - e
TELEFOME: —FAX

DATA: 1990 |

ASSINATURS: i

Ard 1 de Junho o CEMUP confumard 8 aceitacdo da
inscricdo, apds o que dewverd ser assegurado o imedate
pagamentd da respeciiva proping,




CEMMUP

CENTRO DE METALURGIA E CIENCA DOS MATERIAIS
DA
UNIVERSIDADE DO PORTO

UNIVERSIDADE DO PORTO
FPROJECT ON SCIENCE OF MATERIALS
CENTER OF METALURGY AND SCIENCE OF MATERIALS - CEMMUP

Identification and caracteristics of the equipment.
(estimated costs are expressed on 1.e+3 Portuguese ascudos
not including taxes )

Period: 1989

S S e v T W

@ Package A: OPTICAL MICROSCOPY AND METALOGRAPHY

ITtem Al. Metallographic optical microscope
Item A2. Steroscopic microscope
A.- 4 800 <

I —

Package B: METALLOGRAPHIC SAMPLE PREPARATION AND TESTING

Item Bl. Micro-hardness tester

Item B2, Universal cutting machine
[tem BE3. Hot chamber mounting press
Item B4. Cold mounting equipment
Item B5. Grinding equipment

Item BE. Polishing unit

Item B7. Electrolytic polishing unit
Item B8. Twe Ultrasonie cleaning units

|" E.- 7 508 c

Package C: SPARK EROSION CUTTING UOHIT

Item Cl. Laboratory spark erosion unit

I —

Package D: PHOTOGRAFHY

Item D1. Black/white film processing and printing eguipment
Item D2. Equipment for macrophotography and slide reproduction

RUA DOS BRAGAS — 4099 PORTO CODEX — TEL. 325539




Fackage E: SURFACE ANALYSIS EQUIPMENT

ITtem El. XPS5 /AES/S5AM/SEM surface analysizs unit

FPackage F: PREPARATION OF MATERIALS
Fl. Crystal Growth / Zone refining equipment
. Item Fl1.1 Multitechnique radiofrequency crystal melt-growth

unit (Bridgman and Czochralski methods)
Item F1.2 Zone refining unit

Item F1.3 Emall-scale guartz tube melth-growth system.
F2. Direct casting from the melt (Vacuum/Inert)
Item F2.1 Unit for RF melting and casting of sizeable metallurgical
samples
Item F2.2 Emall laboratory RF unit for direct casting of metals
from cald crucible

F3. Arc melting

Item F3.1 Advanced arc melter

. F4. Radiofrequency induction generators
Item F4.1 Aperiodic generator, 5@8KW, multi-working posts
Item F4.2 Aperiodic generator, 18/25 KW, multi-working posts

F5. Furnaces and complementary equipment for heat treatment
of materials

Item F5.1 High temperature wvacuum or controled atmosphere
multipurpose furnace

Item F5.2 Inert gas purifier

Item F5.3 Digital temperature programers
Item F5.4 Silicon carbide heated furnaces
Item F5.5 Vacuum tube furnaces

Item F5.6 Multipurpose modular vacuum system
Item F5.7 general purpose optical pyrometer
Item F5.8 Residual gas analyser

[ S ——————




Fackage G: WORKSHOF EQUIFPMENT

Item Gl. Precision wertical mill
Item G2. Tool room lathe
[tem G3. Column drilling machine

G.- 3 288 c

Fackage H: SMALL COMPUTERS AND COMMUNICATIONS EQUIFMENT

Item Hl. Computers
ITtem HZ. Telefax unit.

Porto, B9/ 1/25

P* C.I. do CEMMOP

.--""'-'_._._

Prof. Horacio Maia & Costa
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MINISTERIO DA EDUCACAD
Secretaria de Estado do Ensino Superior
Dirac;iu-ﬁer&l do Ensino Superior

UNIVERSIDADE DO PORTO
INTEENATIONAL COMPETITIVE BIDDING N2 UP-....._...... FOR THE
SUPPLY OF EQUIPHMHENTS AND HATERIALS FOR APPLIED RESEARCH
TO THE CENTRD DE METALURGIA E CIENCIA DOS HMATERIAIS DA

UNIVERSIDADE DD PORTOD

- CEMHUP -

I. ITHUITATION TO BIDDIHG

He make known that an Internotional Competitive Bidding H® UP-....

will toke place at the Universidade do Porto, being only accepted
manufacturers and/or suppliers from countries members of the
International  Bank  for Reconstruction ond Development or

Switzer|land.

The referred competitive bidding includes several equipment and
material for applied research for the Laboratories of
Netal lography, Surfoce Analysis and Haterials Preparation, and also
for managment and support services,

Proposals to the above mentioned bidding competition will be
accepted until 4 p.m., local time, on the .......... 1969, at the
Reitoria da Universidade do Porto, Rua 0. Hanuel 11, Porto, and the
public opening of the proposals will toke place on the -
1969, ot 9.30 a.m., at the ........ meeting room, at the same
address.

To be admitted to the competitive bidding, bidders must provide a
Bid Bond of;

-Fortuguese Esc:200 000$00 for bid proposals wp to 20 000 000$00
Eac..

-1% (one per cent) of the amount of the Bid, if it is ouer
20 000 000300 Esc..

The competitive bidding process is at bidders disposal at the above
ment ioned address, where it may be examined from Monday till
Friday, from 10 to 12 a.m. and from 2.30 to 4.30 p.m. .

vod va
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Against cash payment of Esc. 5000300 those interested moy obtain
copies of the Bidding Documents and further elements of the
process, when directly acquired from the General O0ffice of the
Universidade do Porto or US dolllars $50 when sent by mail to
foreign countries, until 30 days before the date settled for
proposals del ivery.

All enquires shall be addressed to:
CENAUP - International Competitive Bidding N2 UP-....
Reitoriao da Universidode do Porto
Aua 0. Hanuel 11

4000 PORTOD - PORTUGAL

Telefax..........

Porto, 19689/.../7...

The Chanceller of the Oporte University

po—-678 : 0035
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MINISTERIO DA EDUCAGAD
Secretaria de Estado do Ensino Superior
Direcgo-Geral do Ensino Superior

UNIVERSIDADE DD PORTO

INTERNATIONAL COMPETITIVE BIDDING N2 UP-............ FOR THE
SUPPLY OF EQUIPHENTS AND MATERIALS FOR APPLIED RESEARCH
TO THE CENTRO DE METALURGIA E CIENCIA DOS MATERIAIS DA
UNIVERSIDADE DD PORTOD
- CEMHUP -

2. COMPETITIVE BIDDING PROGRAH

2.1, Consultation of bidding documents
The Competitive Bidding Process is ot bidders disposal at
the Reitoria da Universidade do Porto, Rua D. Hanuel 11, 4000
Porto, where it moy be exomined from Monday to Friday, from 10 to
12 a.m. and 2.30 to 4.30 p.m., from date of publication of the
invitation to bidding in "Didrio da Repdblice®™ till the limit date
for submission of bid proposals.

2.1.1. Against cash payment of Esc.5000%00 applicants may
obtain copies of bidding documents when directly bought at our
services and against cash payment of U.S. dollars $50 when sent by
mail te foreign countries, up to 30 days before the limit date set
for submission of bid proposals.

2.1.2. The documents referred to in 2.1.1. shall be
supplied to applicants within B working days - maximum period -
from the date of receipt of the respective written request
addressed to the above mentioned official department.

2.1.3., The applicants shall assume full responsability for
the examination and comparison of the coples supplied with the
original bidding documents and eother gspects of the bidding
process.

il
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2.2, Admission to the |nternotional Competitive Bidding

Bidders are subjected to the following conditions:

2.2.1. The applicant shall effect at Caixa Geral de
Depositos, or at any of its oagencies, a Cash Bid Bond of
-Portuguese Esc:200 000$00 for bid proposals up to 20 000 0Q0O0%00
Esc.,

-1% {one per cent) of the amount of the Bid, if it is over
20 000 000%$00 Esc.,

through a poying form filled in by applicants according to the
model attaoched to this competitive bidding process (Annex 1),

2.2.2. This Bid Bond may be reploced by a letter of
Guarantee, issued by any Portuguese Bank, under the requirements of
the former poragraph and occording to Annex (1l or by bond
insurance.

2.2.3. RAlIl juridical and technical, general and special
requirements to be included in the contract are an essential part
of the Bidding Documents,

2.3. Bid Proposal

2.3.1. Bid proposals, as well as respective list of unit
prices, made occording to Bid Proposal forms seen in Annex IV, in
triplicate, shall be written in Portuguese, with no erasures,
interlineations or crossed-off words, always with the same typping
machine or always with the some handeriting and ink, if
hand-written. The forms in Annex U, may be written in Portuguese,
English or French (and in triplicate),

2.3.1.1. Hhen filling the forms in Anpex U, the
Bidders shall use a separate form for every package of Items,

2.3.2. Bid proposals shall be walid for a period ending
120 days after the date set for the openning of bids,

2.3.3. Bid Proposal Forms shall be signed by Bidder or
duly authorised representative. Under the last circumstance, there
must be @ procuration or any other legal form of the some, wich
confers authority enough to the representative.

2.3.4. Bid proposals shall be delivered until 4 p.m. local
time of the day preceeding the Bid Opening day at the Reitoria da

el




|Il|IIIIIII _E._

Universidade do Porto, Rua 0. Hanuel 1l, Porto by appliconts or
their duly authorised representotives in person, against receipt,
or sent by registered mail with notification of receipt, to the
adress: CEMAUP-International Competitive Bidding H2 UP-...,Reitoric
da Universidade do Porto, Rua 0. Honuel 11, 4000 PORTO.

2.3.5. Delay or loss of Bid proposals cannot be accepted
as a basis for claim.

2.3.6. Any alteration of bid proposals received after time
and date laid down in 2.3.4. shall not be considered.

2.3.7. Bid proposals that are not presented in accordance

with the directives laid down in 2.3.1., 2.3.2. and 2.3.3. as well
as those that are not accommpanied by the documents referred to in
2.4.1., 2.4.2.1., 2.4.2.2., 2.4.2.3., 2.4.3.1. ond 2.4.3.2., or

should any of these not be presented in due form, may be considered
null, being nevertheless attached to the bidding proceedings, if
the bidder does not ask for its return in writting.

2.4. Documentation thot must accompany bid proposals

2.4.1. Bid proposals wsust be occompanied by the
certificates of having provided a Bid Bond.

2.4.2. Hational bidders, as well as the outhorised
representot ives of foreign bidders, shall have to supply the
following documents, besides those mentioned in 2.4.1.,:

2.4.2.1. Decloration under witness signature giving
nome, civil stote and residence of bidder, or, in the case of o
company, the company's nome, heod-office and branches likely to be
involved in the fulfilment of orders as also the nomes of the body
of directors, or of any other people with power to bind the
company, register of the constitution of the company as also any
changes in the social pact, tax-payer's number, stating furthermore
that the company is not liable to the Exchequer (Fazenda Hacional)
for taxes due in the last three years,

2.4.2.2, Certificate or outhenticated photostat of
having paid Trade Tax (Contribuigfio Industrial) during last recent
years, or else a declaration issued by the county's Treasury Office
(Repartigiio de Finangas do Concelho) to the effect that bidder's

payment of Trade Tax is not in arrears for some unaccountable
reaq3son.

"llfll'll'
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2.4.2.3, Certificaote that the compony hoz a regqular
situation, concerning it's contributions to Social Security
{Sequranga Social).

2.4.3. Foreign bidders shall have to supply the following
documents, besides the one mentioned in 2.4.1.:

2.4.3.1. R declaration duly authenticated in the
country of residence or head-office, to the effect that he
renounces to any claim or privilege he might have as a foreigner
aond otherwise occepts present Portuguese Law as far as ful filment
of hils contract is concerned.

2.4.3.2. A document in which the bidder states who
is hiz duly authorized representative in Portugal, of acknowledged
competence to offer servicing of moterial for a five yeor period
from the date of final acceptance.

2.4.4. Proposals shall be accompanied by the technical
information required in 4, (Technical and Special Conditions), and
may also include the following documents:

2.4.4.1. Any cotalogue sheet, drawing or equipment
short descriptive memory and, if relevant, sizes, weights or other
elements allowing to evaluate the quality ond performance of the
proposed items.

2.4.4.2. List of qualification references.

2.4.4.3. Official standards used in construction of
the various applionces, or equipment offered, if that is the cose.

2.4.4.4. Description of reception tests according to

the manufacturing standards stated in proposal, when considered
necessary.

2.9, How bid proposals and other documentation should be

present ed

Bid proposals shall be enclosed, together with a per-unit
price list, in on opaque wrapper, duly sealed with waox, signet
letters being perfectly legible, plus a similar wrapper enclosing
the documents required os satated in 2.4.1.,2.4.2.1., 2.4.,2.2.,
2.4.2.3., 2.4.3.1. and 2.4.3.2.,
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‘e 2.9.1. Bidders shall enclose both wrappers in a third one,
sealed |ikewizse with wax, each one addressed and marked as fol lows:
PROPOSAL FOR THE IHTERHATIOHAL COAPETITIVE EIDDIHG HE UP ....,
referring to equipment supply for the Centro de Hetalurgio e
Ciéncia dos Hateriois da Universidade do Porto - CEHHUP,

2.5.2. The documents referred in 2.4.4., 2.4.4.1.,
2.4.4.2., 2.4.4.3. 2.4.4.4. and 4., shall be enclosed in another
wrapper beoring the inscription: AHHEXR TO PROPOSAL  FOR
INTERHATIOHAL CORPETITIVE BIDDIHG H2 UP ..... , a3 specified in
2.5.1..

2.95.3. On the front side of the first wrapper as ment ioned
in 2.5. shall be weritten “PRICE PROPOSAL®", and on the second
erapper the word "“DOCUNENTS®; bidder's nome, competitive bidding
reference and Official Department that ha= opened the bidding, must
appear on both wrappers.

2.6. The opening of Bid Proposals and Award

2.6.1. At 9.30 o.m. local time on the bid opening day (as
advertised) ot Reitoria da Universidade do Porto, Rua D. Hanuel |1,
4000 PORTOD, meeting room and in accordance with the Invitation to
Bidding of... before the specially appointed Commission, the Bid
Opening shall taoke place and wrappers containing the Bid Proposals
for the above mentioned supply, shall be opened. This supply shal |

be subjected to the conditions established in the ottached Bidding
Document =,

2.6.2, If, by any justifiable reason, it is not possible
to perform the opening of bids on the set date, warnings shall be
publ ished beforehond as soon as possible. In this announcement will
also be expressed, if relevant, the new time and limit date for bid

proposals delivery, as well as the new time and limit date for the
bid openning.

2.6.3. Bidders have the right to ask for any explanation
before opening of the outside wrappers, enclosing tender and
further documents. However, once the operation starta, no remarks
or requests of explanation are allowed,

2.6.4. HUhenever any inoccurote or doubtful presentation is
found on any document, the bidder will be admitted under
condition and the Commission will give 468 hours to the bidder so
that he may present accurate documentation or explanation. Ending

111.'"...
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that period the Commission will decide over bidder's acceptance or
exclusion.

2.6.5. Any not essential irregularity, on those documents
ment ioned above, moy be omended in the opening bids.

2.6.6. The Commission directing the opening of bids shall
check if all estoblished rules hove been followed, shall sign all
documents, numbering the respective proposals and shall write the
minutes discriminating the bidders, and why, if this is the case,
any of the bidders hos been excluded.

2.6.7. The opening of bids and aword is supletively ruled
by appliable legal regulations.

2.6.8. The representatives of any bidder will be allowed

to taoke part in the Bid Opening act enly if they are holding the
negceszary credentials

2.7. A= a principle, the oaward will be maode cons ider ing
technical data, performonces and prices of equipment. However, the
Portuguese Government reserves the right to toke into account the
suitability of equipment, the guarantee, delivery time, and the
availability of spore parts and repair service in this country,
even though the bid proposed may not be the lowest in price,

2.6. A bidder would normally be expected to submit a bid for
73 X of the items within o given package; if not, the awarder may
use the right of eliminating the bidder.

2.9. The Government reserves itself the right not to moke the

award or to moke it partially if the bid proposals are inadequate
or bidders are presumed to be in collusiveness,

2.10. Bid Proposal Refusal

Bid proposals shall not be considered:

2.10.1. if comprising any restrictive, resolutive or

exceptional clauses; or having crossed-off words, erasures,
interlineat ions unless duly amended;

2.10.2. if comprising undetermined prices;
2.10.3. if being not valid for the period set in 2.3.2.;

Y
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2.10.4. if being not accompanied by the documentation
required in the bidding documents;

2.10.5. if being not expressed in oaccordonce with the
term= of the bidding documents;

2.10,6. In all those casesz in which its exclusion is
ordered by these bidding documents or by present Portuguese Law.
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MINISTERID DA EDUCAGAD
Secretaria de Estado do Ensino Superior
Direcg@o-Geral do Ensino Superior

UNIVERSIDADE DD PORTO

INTERNATIONAL COMPETITIVE BIDDING N2 UP-.. ... .. FOR THE
SUPPLY OF EQUIPHENTS AND HMATERIALS FOR APPLIED RESEARCH
TO THE CENTROD DE HETALURGIA E CIENCIA DDS HATERIAIS DA
UNIVERSIDADE DO PORTO
- CEMHMUP -

3. BIDDING DOCUHEHTS

3.1, Applicable lows

The present supply and proceedings thereof shall follow
these Bidding Documents.

3.1 1. Al juridical motters which are not foreseen in the
present Bidding Documents shall be settled in accordance with the
present Portuguese Laws.

J.1.2. All questions concerning the present supply which
cannot be settled according to the Portuguese Laws, because they
happened outside the portuguese territory, shall be settled under
the Conciliation and Arbitration Rules of the International Chamber
of Commerce by one or more arbitrators appointed in accordance with
the above mentioned rules. In this case, the arbitration shall take
place in 2urich and thereof conform In all respects with the
provizions of Swiss Laws.

3.2, Supply conditions

Bidders undertoke to supply all the equipment awarded;
prices of foreign bids shall be quoted as CIF/Porto; prices of
domestic equipment bids shall be quoted as ex-factory.

.
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3.2.1. The bidder, or his agent, or representaolive in
Portugal, shall be required to perform all work that is necessary
to the delivery and installation, for complele and proper operalion
of the equipment at the Universidade do Porto, at an adress
specified by the HReitorio do Universidade do Porto, and any
additional chorges concerning these actions should be specified in
the bid proposals.

3.2.2. Likewmize, the HAwaorder iz entitled to be present ot
the tests on reception of goods mentioned in 2.4.4.4. or Lo demond
certificotes thereof at no additional cost,

3.3. The Universidade do Porto shall not consider under any
reasons the situation of sub-owarding.
Bidders shall always be responsible for the whole supply,
whoever the executioner moy be, except in cose of duly outhorised
transfer of ownership.

J.4. Prices

Prices of imported material shall be stated in American
Dollars, and or as option, in bidder's country currency, and prices
of domestic material shall be stated in Portuguese Escudos.

3.4.1. Bids will be accepted only if the proposals are

valid for o period of gt least 120 days ond no increase in prices
can _be accepted during this period.

3.4.2. For perigds gbove 120 doys, bidders may_include in
Ltheir proposals price adjustment clauses which may, or may not, be

occepted by the Awarder.

3.5. Doubts or claims concerning the bidding documents

Should any doubts arise concerning any piece of the bidding
documents, these shall be expressed in writing, within the first
half of the period set down for the submission of Bids.

3.5.1. The clarification of the aforementioned doubts
shall be mailed in writing within ten working days after receipt of
respective request. In case of no reply the opening of bids may be
postponed if so requested by the bidder.

3.5.2. Copies of all explanations given, shall be annexed

to the bidding documents, and, if it is considered of interest,
mude known to all bidders.

sl
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J.6. Bid Proposals with alternol ives

For the equipments described in the respective maps (Annex
|} bidders are allowed to present alternatives to the basic
proposal provided that they oare adequate to the wutilizotion
purpose.

3.6.1. Bidders may =ubmit proposals for all, or for only
some of the items, but, they shall submitt their proposals for all
the units of each item, o2 loid down in 2.8..

J3.6.2. All equipment ond moterials submitied must be
brand-new and according to wsual monufaciuring stondards of
bidder's current production. '

3.6.3. Bidders moy present new proposals until the doy and
hour set for reception but they moy not withdraw the previous ones.
In this case all proposals shall be opened but the Universidade do
Porto has the right to consider valid any of them.

3.6.4. If a bidder, in any previous competitive bidding
has not prespected the set periods, the Univeraidade do Porto
reserves jtlself the right not to admit their proposals.

3.7. Guarantee
Guarantee for equipment, will be for at | o

year if o longer one is not offered by bidder, ond begins at the

date of approval of the final acceptance certificate.

3.7.1. Equipment wmust be fully guaranteed against
manufacturing and material defects as well as deficient quality and
mal funct ioning.

3.7.2. The supplier shall replace, repair or maintain
promptly, and ot his own expenses, aony defective items os o result
of foulty design, materials or workmanship, wich may arise during
the guorentee period of validity. Otherwise they will have to
conform with item 3.24.4..

3.8, Spare ports and maintengnce

Bidders should provide a list of recommended spare parts,
duly identified, which they deem necessary for each kind of
material, should this be the cose, valid for a period of five years
and consumables for o period of two yeors of regular work.

el
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3.6.1. They should also quote the unit price or the total
price, CIF/Porto or ex-factory prices, for each spore part package.

3.8.2. Bidders shall also indicate the validity period of
the prices for each spore part, referred to the bids opening date.

3.8.3. During the validity period bidders shall supply to

the Universidade do Porto all the requested spare parts concerned
ot the proposed price.

3.8.4. All spare ports must be brand-new and of origin.

3.8.5. Foreign bidders as indicoted in 2.4.3.2. shall have
to indicote their duly authorised representotive in Portugal for
spare parts supply.

3.8.6. For the purpose of mointenonce after the guarantee

period, bidders should also quote a one year maintenance contract,
for major equipment, or casual maintenance seruvice,

3.9. Bonds

3.9.1. Bid Bond

3.9.2. Bidders shall submit @ Bid Bond in cash, letter of
guarantee or bond insurance as mentioned in 2.2.1, and 2.2.2..

3.10. Bid Bond Hithdrawal

Applicants are entitled to Bid Bond withdrawal as soon as
a contract has been signed with another applicant or 30 doys after
the proposal time validity hos been over, as well as when he has

not presented to Competitive Bidding or when his proposal has not
been accepted.

3.10.1. Bid Bonds shall be refunded to applicants who
submit Performance Bond if in this the Bid Bond hos not been
included,

3.11, Shall | a Bid » which shall revert to the State:

3.11.1. Bidder who, being warned to correct his documenta-
tion, fails to do so in due time, excepted for unavoidable
circumstanses, duly justified within eight working days from
opening of Bids and considered by authorities,
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3.11.2. Bidder whose demands concerning controct draoft
have not been accepted and gives up the supply.

3.11.3. The Awarder who has not submitted and presented in
due time proof of a Performance Bond and has not been unwillingly
prevented to do so by any justifiable reason.

3.12. Performance Bond

The awarder will be notified by registered mail (with
notification of receipt) to roise the Bid Bond amount to 5 ¥ of the
total volue of the oword through a cash deposit in Caixa Geral de
Depésitos or any of its agencies or delegations, within eight
working doys. The Performance Bond moy be established by o letter
of guarantee or Bond Insurance, as expressed in 2.2.2..

3.12.1. The Performance Bond may be presented including
the Bid Bond.

3.12.2. The Performonce Bond will be wvalid until all
contracted conditions are accomplished, including full guaorantee
periode.

3.13. If the Bidder, after being warned, does not provide the
Performaonce Bond a= wmentioned in 3.12., the award will be
considered null.

J.14. Performaonce fond Hithdrowal

Ho sooner has the awarder completed the supply and all

contraocled conditions accomplished, including full guarantee
period, than he moy request Performonce Bond withdrawal .

3.15. Shall loose Performance Bond, whose omount will revert to
the Stote:

3.15.1, The awarder who fails to be present al the place
of contract signature, ot time and dote =et before, unless he has
been unwillingly prevented and presents valid justification.

3.15.2. In case of contract recission based on any clause
of the Bidding Documents.

3.16. Performance Bond Loss does not annul an occasional
indemnity to reimburse occurred damages.

vl




Y - 16 -

3.17. Formalities for foreign bidders ond notional bidders

present ing foreign equipment
The oworder shall undertoke to et in o single dossier the

following documents, eoch in 8 copies:
a) Commercial invoice
b) Consular invoice
¢) Insurance certificate or policy
d) Bill of lading
e) Packing |ist

3.18. Eirst gcceplonce

Hithin 15 working-days after delivery at the University of
Porto, an inspection of the equipment will toke ploce and shall be
issued a provisional receipt certificote, being present o delegate
of the bidder or his representative in Portugal.

3.19. In the first acceptonce certificate it shall be mentioned
if equipment is in aoccordance with contract specifications.

3.19.1. In caose Lhe equipment does not comply with the
specifications it may be just refused.

3.20. Finol acceptance

3.20.1. Rfter installation and inspection and test of the
equipment and if it has been found out that all the equipment is

functioning correctly, it will be issued a Certificate of
Inspect ion and Test,

3.21. Delivery

Delivery time staoted in the proposal shall be taken as
referring to quantities thereby stoted.

3.21.1. In the event that an increase in the quant ity of
any item stoted in proposal is required by the Universidade do
Porto, the supplier shall, on receipt of notification of award and
before notifying acceptance of oword, cable the details of any
extension of delivery time required for the odditional items.

3.21.2. Any omendment to the proposal submitted by the
supplier will be made in accordance with this agreement before the
proposal is incorporated into the contraoct.
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3.22. The final delivery period shall run  from five
working-days after the date of confirmation of acceptance of award,

3.22.1. If the supplier, for any couse, except in the case
of force majeure, fails to deliver within such time or any
extension thereof for the caose of force mojeure, the Universidade
do Porto shall be entitled, after giving the supplier notice in
writing, to claim a reduction of the price payable wunder the
contract .

3.22.2. The awarder acceptz the reductions from poyment
due to delivery delays os expressed in the following items,

3.22.3. Such reductions shall be of 1°00(one per thousand)
of the price of the equipment not delivered, for each doy of delay
commencing on the due dote of delivery.

3.22.4. Such reduction, which shall not exceed 7,5 X%

(seven and one half per cent), shall be made from the poyment due
after delivery,

3.22,5, If any or all equipments, in respect of which
maximum reduction, referred in 3.22.3, and 3.22.4., has been made,
remains undelivered, the Universidade do Porto shall notify in
writing the supplier of a limit date for delivery.

3.22.6. If for any reason the supplier fails within the
extended period to do everything to effect the delivery, the
Universidade do Porto shall be entitled to terminate the contraoct
in respect of such equipment, Simultaneously the Universidaode do
Porto shall be entitled to recover from the supplier the
reimbursement of the amount paid attributable to such equipment.

3.23. Besides penalties set forth in these bidding documents,

the Universidode do Porto keeps the right not to admit in any

further competitive biddings proposals from bidders who have not
respected the sel periods.

3.23.1. The penalty above mentioned will be justified
whenever failure of delivery results in termination of contract.

3.2%4. Payments

3.24.1. Payment of 10 ¥ (ten per cent) of total walue
shall be made to the awarder within 30 days after final contract

Ildfquq
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signoture, if the bidder simultaneously complies with item 3.12,
of the bidding documents.

3.24.2. Poyment of the balance 90 ¥ (ninety per cent)
shall be mode wpon the f{inal acceptance of the material and
equipment bought .

Hiternat ively:

J.24.3. Poyment of 100 ¥ of the total wvalue of the supply
will be mode if the bidder, notified of the award by reqistered
letter with notification of receipt, is aoble to produce, during the
five following working-days, a statement to the effect that a
Letter of Guarantee was issued by a Portuguese Bank, for an amount

equal to the poymsent to be mode ond valid up to the integral
ful filment of the terms of the contract.

3.24.4. Payment as mentioned in 3.24.3. will be made only
if the bidder simultonecusly complies with item 3.12. of the
Bidding Documents,

3.24.5. If the bidder fails to fulfill the obligations of
the contract he shall pay a fine equal to the interest rate on the
amount paid to him in antecipation. The interest raote will be the
rate for sums placed over one year.

3.25. Buyer expenses

3.25.1. All custom duties, compensation taxes and purchase
tox, will be at the buyer's expenses,.

3.26. Supplier expenses

All chaorges of controct preparation and signoture are at
the expenses of the supplier, as follows:

3.26.1. Stomp Duty on the value of the contract (ot
present, .., D;DD, ve. per thousand),

3.26.2. Fees of the Tribunal de Contas (Audit Department
of Exchequer) on the value of the contract (at present,...%00,....
per thousand).

3.26.3. Fiscal stamp of legal tender to be affixed to each
contract sheel, which also includes the juridical-administrative
terms and special conditions of the Bidding Documents,

e
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3.27. In the case of Portuguese suppliers, each poyment will be
subjected to the compulsory deduction of 0,5 X (half of one per
cent) for the Coixa Geral de Aposentaces, in the terms of article
136 of Decree-Law n2 498/72 of the 9th December.

3.26. Bidders shall pay all expenses concerning to bid
proposals including those of bid bonds, o= well as contract ones,
taxes on account of law or bidding documents that shall not be

undertaken by the State.

3.29. The suppliers shall make on insurance covering all
risks, the insurance value beign at least equal to the total
invoice value plus 10 X.

3.29.1. The supplier shall be responsible for any loss or
domage incurred as o result of lock of insurance policy.

3.30. Transports

Hhenever the transport of equipment supplied on a CIF/
fPorto basis is mode by sea, it shall use either Portuguese ships
or others chortered by Portuguese shipoeners. In those cases in
which the country exporting the equipment grants equal treatment Lo
the Portuguese flag, up to S0 ¥ of the cargo may be |iberated in
favour of that country's flag.

3.30.1. If the above-mentioned equipment cannot be sent on
Portuguese ships or others chartered by Portuguese shipowners

within o period of seven weeks, the freight may be made on any ship
of other member countries of the Horld Baonk.

3.30.2. Uhen duly proved, all additional freight and
storage costs coused by delay or unavailability of a Portuguese
ship or others chartered by portuguese shipowners for the transport
of the above-mentioned equipment shall be at the expense of the
Universidade do Porto.

3.31. Clauses for foreign bidders

3.31.1. In the event of delay in making the documents
referred in 3.1., avaiable to the buyer or in the case the
documents presented do not conform to the requirements of the

.11f...
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contract, the supplier shall be responsible for any overtime
storage charge to the corgo or any other expenses thus inuvolved.

3.31.2., The supplier shall not ship more than any
contraocted quantity ond the buyer will not be responsible for
payment for the aforesaid excess gquantity or for any consequences
or expenses thereof.

3.31.3. In case of short shipment, the supplier shall
immediately cable the buyer the details on the shipment including
price difference or error to be corrected on the shipping invoices
and airmail o new set of shipping inuvoices and packing lists
covering the materials actually shipped.

3.31.4. In cose of no accomplishment of the above item,
unduely shipped equipments are understood as being supplied freely
to the buyer, besides having the right to be reimbursed of all
additional charges due to undue shipment,

3.32. Aeard ond contract

3.32.1. The successful bidder and all others shall be
notified of the award as scon as Performaonce Bond takes place.

3.32.2. The other bidders shall be notified of time from

which they may withdraw Bid Bond if they hadn't done it as in
3.10..

3.32.3. Shall be wunderstood as moking port of the
Contract, the bidding documents and all other documentation at
bidders disposal, bid proposal and the unit price list as well as
other documentotion referred in the controct or in bidding
document =,

3.32.4. Bidder whose bid has been given preference, shall
comment on the contract draoft, sent to him by registered mail with

notification of receipt, within 5 working-days after date of
recept jon.

3.32.5. Should bidder not react within this time, shall he
accept the draft contract.

3.32.6. If supplier called to sign the controct fails to
do so within the set period, the award shall be null and shal |
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loose the performance bond to the State and another bidder shall be
cal led.

3.32.7. Five copies of the contract shall be executed in
the Portuguese Language.

3.33. Successful bidder shall wundertoke to seal bid proposal
and all the documents that must be presented at International
Competitive Bidding with due legol stomps within B working-days
after being notified by registered mail with notification of
receipt.

3.33.1. The supplier shall furnish aond deliver to the
buyer the equipment ond materials described in the Proposal and
Specifications submitted by himself and accepted buyer,

3.33.2. The supplier shall accept as full payment the sums
set opposite the respective item in the Proposals and now part of
the contract, being these sums the amounts at which this contract
is awarded to supplier.

3.34. Special fegtures

3.34.1. The bidder who gives up the competition and
intends to withdraw his proposal before the date fixed for the
opening of bids, will locose his bid bond to the State unless he

presents a valid reason within eight working-days after the opening
of bids.

3.34.2.  Portuguese wmonufacturers wmoy present bids

independent Iy, or in association with other national or foreign
manufacturers,

3.35. Bidders shall undertake to present, regarding the
documentation attached to the Proposals, any clarifications the
entity chairing the competition considers to be necessary to the
evaluation of supply guarantees, delivery time and prices, qual ity
or any others Lo be considered.

3.35.1. HWhenever in the proposal evaluation phaose the
ent ity chairing the competition has any doubts about the real
economic and financial situation, or technical ability of any of
the bidders, or of his authorized representative in Portugal, he
may demand them before award takes place, all documents and
information elements inclusive of accountant nature if essential to
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the clarification of those doubts, If, in this caose, economic,
financial or technical copocity, for the contract involved, is not
proved, his bid shall be rejected.

3.35.2., The proposals shall govern all the other
documentat ion except those aspecis modified by the contract.

3.36. The Contract shall govern all items expressed in all the
other documents.

3.37. For the evaluation and comparation of bids, the following
rules are considered:

3.37.1, Only the bid proposals for equipment with
specified technical caracteristics fitting to minimum technical
specifications os demonded in Annex | of the bidding documents,
will be considered for evaluation and final aword.

3.37.2. Customs duties ond other import taxes on imported
goods and sales and similor toxes on domestically supplied goods,
are excluded.

3.37.3. All prices expressed in foreign currency ore
converted to Portuguese escudos using selling rates, for the
original currency, as quoted by the Banco de Portugal at the bid
opening day.

3.37.4. A reference bid value is determined by the
addition of the wvalues defined in 3.37.4.1., 3.37.4.2. and
3.37. 4.3 .

3.37.4.1. The Bid price(B.P.)(as specified in 3.2.).

3.37.4.2. The Local transport and installation
charges (as referenced in 3.2.1.), if that is the case,

3.37.4.3. The performance value (P.U.), here defined
as the result of multiplying 30 X (thirty per cent) of the bid
price by the performance factor (P.F.) (P.U.= 0,3 x B.P. x P.F.).

The performance factor (P.F.) here defined, is
calculated adding up, with fixed relative weights (WA, WB, WC, WD),
the performance wvalues imputed to the factops (R, B, C, D), as
defined in 3.37.4.4. - (P.F. =MAx A+ M xB + HC x C + WD x 0).

Each performance value, in the range 0 to 10, is

evaluated by the Commitee responsible by the bid proposals
evaluation, or under its supervision.
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3.37.4.4. The factors to consider for bid
evaluat ion, as defined in 3.37.4.3. are:

A - Technical quality ond reliobility, efficiency
and compatibility with the purpose of the application: WA(relative
weight) = 0.05.

B - Technical ossistance offered for training and
preparation of qualified personal ond during start of the
laboratory operation: HB(relative weight) = 0.03.

C - Cost of operation: HC(relative weight) = 0.01,

D - Availability and cost of service and spare parts:
HD(relative weight) = 0,01,

3.37.5. Considered items 2.7., 2.9, aond 3.35.1., the bid
proposal with lowest reference bid value will be selected, unless
some other demand of the bidding documents is not satisfied,

3.38. Goods manufactured in Portugal may be granted a margin of
preference, according to the dispositions mentioned below.

After evaluotion, bids are classified in one of the fol lowing
groups:

GROUP A - Bids offering goods manufactured in Portugal if the
bidder proves the monufocturing cost of such goods includes a value
added in Portugal equal to, at least, 20 X of ex--factory bid price
of such goods,

GROUF B - AIl other bids offering goods manufactured in
Portugal .

GROUP C - Bids offering any other goods.

3.36.1. All evaluated bids in each group shall be first

compared among themselves, to determine the lowest evaluated bid of
each group.

3.38.1.1. Such lowest evaluated bid shall then be
compared with each other and, if, as a result of thils comparison, a

bid from group A or group B is the lowest, it shall be selected for
the award.

3.36.2. If, as a result of the comparison, under paragraph
above, the lowest bid is a bid of group C, all group C bids shall
be further compared with the lowest evaluated bid from group H
after adding to the CIF bid price of the imported goods, for the
purpose of this further comparison only, an amount equal to:

a) The amount of customs duties and another import toxes
which @ non-isempt importer wuold have to pay for the importation
of the goods offered in such group C bid or
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b) 15 ¥ of the CIF price of such goods if the aoforesaid
customs' duties and toxes exceed 15 X of such price.

3.36.3. If as a result of the comparison expressed under
3.36.2., the group A bid is the lowest it shall be selected for the
oward. |f not, the lowest bid is a group C bid, and it shall be
selected for the award.
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4. TECHHICAL AHD SPECIAL COHDITIONS

4.1. All equipment and materials submited must be brand-nees and
according to wusual manufacturing standards of bidder's current
product ion.

4.2. Detailed technical information of the performance of the
equipment must be provided, including specific information as
required, if that is the case, in the technical specification of
the equipment (Annex 1).

4.3. RAditional information shall be provided for equipment
evaluat ion:

1.3.1. Information on the year of commercial availability
of the model proposed, and the aproximate number of equipments,
simillar to the one proposed, sold in the last three years in
Europe (large equipments) andfor Portugal, and references on
laboratories of installation, shall be considered for evaluation.

4.3.2. Useful lifetime of consumable components.

4.4. Except any further informations all the equipment shall be
supplied as follows:

4.4.1. Power supply 220/380 U S0 Hz a.c.
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4.4.2. Hith a feeder of a convenient section, witth a
“Schuko” type plug and earth terminal;

4.4.3. Hith three detailed manuals in the portuguese
language, or french, or english idioms, os well as one in the
language of origin, ond extensive technical ond hardware
information of all the equipment.

4.4.4. In oaccordance with the latest stondords and
specificotions auvailable in Portugal or instead of these the 1.5.0.
Specifications (Internotional Stondards Organization) or else with
the mentioned staondards as follows:

A.5.A. American Stondard Association

A.5.T.H. American Society for Testing Haoterials

B.5.1. British Standard Institute

D.1.H. Deutsch Industrie-Horm

H.B.5. Hational Bureaou of Standards

S.A.E. Society of Automotive Engineers
Related to electric equipments, if there are not other
specifications, they will answer to |.E.C. rules,.

4.4.5. Uhenever there are not any rules or speclfications,
as in special materiaols or potent=, o detailed description of the
same must be given, in order to evaluate its quality.

Anyway, bidders should point out the standard
specifications guoranteed of the equipment they offer, and in case
these do not exist in portuguese, english or french, they must
present a valid translation in any of these languages.

%.9. The spare parts for the various items should also fulfil
the requirements of the previous clause,

1.6. As regards tests on receipt of the equipment, if required,
the Reitoria da Universidade do Porto, in accordance with the
manufacturing specifications pointed out in the proposal, will be
entitled to attend those tests, or demand certificates of thenm,
without any additional charge. In the case of doubts, the Reitoria
da Universidade do Porto is entitled to demand, to qualified

laboratories, the certificotion of equipment specificat ions, at
suppl ier expenses,

4.7. The leiter symbols ond units used by bidders in their
proposals shall be of the S.1. (International Unit System) as wel|
as those used in the equipments to be supplied.
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EQUIFMENT LIST

Package A: OPTICAL MICROSCOPY AND METALOGRAFPHY

Item Al. Metallographic optical microscope
Item AZ. Steroscopic microscope

Package B: METALLOGRAPHIC SAMPLE PREFARATION AND TESTING

Item Bl. Micro-hardness tester

Item BZ. Universal cutting machine
.- [tem B3. Hot chamber mounting press

Item B4. Cold mounting equipment

[tem BS. Grinding equipment

Item BE. Polishing unit

[tem B7. Electrolytic peolishing unit

Item BE. Two Ultrasonic cleaning units

Package C: SPARK EROSION CUTTIHG UMNIT

Item Cl1. Laboratory spark erosion unit

Package D: PHOTOGRAPHY

Item D1. Black/white film processing and printing equipment
Item DZ. Equipment for macrophotography and slide reproduction

. Package E: SURFACE ANALYSIS EQUIPMENT

Item El. XP5 /AES/SAM/SEM surface analys=is unit

Package F: PREPARATION OF MATERIALS
F1. Crystal Growth / Zone refining equipment

Item F1.1 Multitechnique radicfrequency ecrystal melt-growth
unit (Bridgman and Czochralski methods)
Item F1.2 Zone refining unit

Item F1.3 Small-scale guartz tube malth-growth system.

EL.1.




F2. Direct casting from the melt (Vacuum/Inert)
Item F2.1 Unit for RF melting and casting of =sizeable
metallurgical samples
Item F2.2 Small laboratory RF unit for direct casting of
metals from cold crucible
F3. Arc melting
[tem F3.1 Advanced arc melter

F4. Radiofrequency induction genarators

. Item F4.1 Aperiocdic generator, S58EW, multi-working posts
Item F4.2 Aperiodic generator, 1@/25KW multi-working posts

F5, Furnaces and complementary equipment for heat treatment of
materials

Item F5.1 High temperature wvacuum or controled atmosphere
multipurpose furnace

Item F5.2 Inert gas purifier

I[tem F5.3 Digital temperature programers
Item F5.4 Bilicon carbide heated furnaces
Item F5.5 Wacuum tube furnaces

Item F5.6 Multipurpose moedular vacuum system
Item F5.7 General purpose optical pyrometer
Item F5.8 Residual gas analyser

. Package G: WORKESHOFP EQUIFPHENT
Item Gl. Precision wertical mill
Item 32. Tool room lathe
Item G3. Column drilling machine

Package H: SMALL COMPUTERS AND COMMNICATIONS EQUIPMENT

ltem Hl. Computers
Item HZ. Telefax unit.
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EQUIFMENT LIST AND SPECIFICATIONS

Fackage A: OFTICAL MICROSCOFPY AND METALOGRAPHY

Item Al. Metallographic optical microscope

General:
reflection microacope
binocular, widefield
oparating modes:
- bright field
. = dark field
- polarized light
= diferential interferometry
= optional: transmission
four objective nosepiece
ilumination system built inte base, with
condenser and light intensity control
focusing by coarse and fine control
X-Y fine control of sample movement on stage

Eyvepleces:
two 18x, with diopter adjustment
one 18x, with micrometer and cross-line

Objectives:
achromatic lens - 10x, 20x, 48x
plan semi-apochromatic, plan apochromatic

or eguivalent - 180x, 158x
. Photomicrografic system:
shutter and photometry system included

35mm and 485 polaroid film supports
included
TY camera optical interface {(C-mount)

[tem AZ. Steroscopie microscope

General :
large field binccular
zoom type : zooming ratio Better than 3:1
max magnification better than 88x
trinoccular head for photomicrography with
35mm camera adapter, 485 Polareid film
support and TV camera (C-mount) adapter
pPlain focussing stand
double fiber-optic iluminator
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FACKAGE B: METALLOGRAFPHIC SAMPLE PREPARATION AND TESTING

Item Bl., Micro-hardness tester

General:

automatic loading

load - 5/15g to 18@@g , changeable in steps

load duration - 5 to 45 seconds, changeable

in steps

size of sample:

with - 180mm x 18&mm or larger
height - 68mm, or larger, on the stage
18&mm, or lager, outside the stage

. . sample stage with micrometer for shifting

sample

Fixing devices :
standard vise

universal vise, for inclined or curved
surface samples
thin sample attachment, for sample

thickness less than 3mm

Indentor:
Yickers pyramid diamond indentor
optional - Knoop indentor

Mesuring Microscope:
magnification - observation: 1808x
= mesurement @ 400x to GEEx
objective lens - observation: 18x to 16x
. - mesurement : 4@0x to HPx
ocular micrometer:
maximum mesuring length - Z288um
coarse mesuring scale divided in ZBum
fine mesuring scale divided in @.5um

Item BZ. Universal cutting machine

Genaral :
general use cut-off machine for soft and hard
materials - metallie or ceramic - and with
cutting and eclamping facilities for large,
small or irregularly shaped specimens
manual /automatict{option) feed, with cabinet,

recirculating cooling wunit and
quick-clamping devices

. maximum cutting diameter : 110 mm or larger
cut-off wheels for hard anf asoft metals and
caramics
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Item B3, Hot chamber mounting press

General:
compression moulding unit for mounting of
metallographic specimens
manual press system
temperature contral
one sample mounting place
gample mount dimensions: 4 = 2E5mm and 3IPmm,
and opticnaly alse 180 to 15mm diameter
options for: - automatic press syvstem
= two samples mounting place

Item B4d. Cold mounting egquipment

Genaral:

equipment for cold mounting of metallographic
specimens, including:

ream &

capacity: 15 dm3 , typical (maximum)
temperature : above ambient up to 180 C

Vacuum impregnation unit, including:
impregnation chamber
small vacuum pump

Item B5. Grinding equipment

General:
Two, bench top rotating disc grinding
machines or one double disec unit

for 5iC wet grinding papers
manual speacimen holder

Item BE. Polishing unit

General:
. One bench top single disc polishing machine
for diamond polishing
spead control
manual specimen holder

agtnmatic motor-driven multi- specimen holder
with pressure contrel
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Item BY7. Electrolytic polishing unit

Genaral :
electrolytic pelishing and etching with
power supply, polishing table, masks and
and cathode
polishing table for samples up to 28mm2, with
masks for smaller samples
powar supply:
polishing load range:- @-80 V /@8-20 A
@-1280 Vv /@2-18 A
with current/voltage control

. Item BE. Two ultrascnic cleaning units

Gensral :
one unit with inside diameter > 250mm
one unit with inside diameter “- 18@mm
gaskets for sample support
timer

Package C: SPARK EROSION CUTTING ONIT
Item Cl. Laboratory spark erosion unit

General:
for accurate cutting and machining of
eristals and delicate metallurgical samples
. the machine should provide: thin cuts of

.. slices of material, trepanning of small

samples from bulk specimens, non ecircular

holes, trepanned cylinders and needles { Lmem

diameter or less), sinking and re-servicing

fine dies, and other precision machining

operations

spark generator and servo system

thin wire slicer and hole driller (<= @.1mm )

dielectric fluid tank, with pump and filter

co-ordinate slide movement, work tablae, taal

helder, travel of servo head

flat plate holder, clamp and depth stop

adjustable spank regimes, from coarse to

ultra-fine { 5 micra finishes, typical)
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Options:
spark lathe, with servo system control
spark planer
two-circle goniometer, for precision cutting
of oriented crystal faces. Goniometer design
so0 it can be mounted on X-ray unit for
for taking Laue back reflection diagrams

Fackage D: PHOTOGRAPHY

. Item: D1. Black/white film processing and printing eguipment
including:

two developing tanks and reels- for
single 35mm film and three 35mm films
termometer,for bath temperature control
film dryving cabinet

enlarger : for black and white fotography
for film formats from 35mm to 65mmx9@mm
focusing aid

beard masking frame

rhotometer for paper printing

timer

develloping dishes (Bx]), colapsible
bottles (Bx) and printwasher

two safelamps for photographic laboratory
dry mounting press

print trimmer

[tem: DZ2.Equipment for macrophotography and slide reproduction

3 5mm SLR photographic camera, with
photometer and auvtomatic and manual
operation modes Wwith S@mm lens ,
macro/szoom  lens, and slide duplicator
device

EL.T.




Fackage E: SURFACE AHALYSIS EQUIPMENT
Item El. Surface analysis unit

1. General:
Burface analysis unit, for ¥PS (X-ray
photoelectron spectroscopy) and AES/SAM/SEM
(Auger spectroscopy), in UHY conditions. The
unit must have submicron resoclution in Auger
analysia.
The main chamber must dinclude:
. electron spectrometer
. . electron gun (scanning )
X ray source

as necessary for these analytical techniques
and alsao:
X,¥,2 ,...precision manipulator
fast entrance port
ion gun for deep profile analysis

and support other facilities for sample
preparation under UHY conditions. Magnetic
shielding should be included for propar
operation.

The unit must have computer control over
the functions involwved in thea diferant
analitical techniques with the software
facilities for the analitical caracterization
of the samples and retrieval of mesures and
results. The system must operate in multitask

. mode to allow data agquision simultaneocus with
data processing.

The eqguipment should include +the usual
units for sample image observation and
photography.

2. Bpecifications

Vacuum : - better than 5.8e-18 torr
- Eumping system based on difusion or
ion pump ( as option), plus

titanium sublimation pump
- turbomolecular pump on fast entrance
- all elements for baking should be
included

EL.8.
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Electron Spectrometer: the spectrometer must
have +the resclution, sensitivity and
operating modes required for Auger
electron spectroscopy (AES) and X-ray

rhotoelectron spectroscopy (XP5)
applications. If that is the case
different options of electron

detector should be presented.

XFS
E-ray source - double anode Al/Mg
. - power @ AW typical

AES/SAM/SEM
Lateral resolution : should bea bettar
than 5088 A in AES, for Ep=10Kwv
and Ip= 18nA

Electron gun - variable high voltage,
in the range useful
for AES, scanning tyvpe

Secondary electron detector - for SEM

Scanning contral unit, for SAM/SEM
contral, observation display and
photografic display, including

photografic unit ( 35mm, and polaroid
4@5 )

Ion Gun
Ar ien gun, installed at the main
chamber, with energy and intensity
control, scanning unit and
diferencial pumping

Sample manipulation:

Sample parking, in the main chamber
or in the fast entrance device should
be provided

XYZ precision manipulator, with tilt
and/or rotation , with stability,
rasclution and reprodutibility
| compatible with system resalution
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Computer Control:
Computer should:

provide control over the
operations involwved in an analitical
seguence = fixing instrumental
parameters, retrieval and
manipulation of data - for local

analysis or depth profilling.

have the software needed for
spactrum analysis - peak
deconvolution, backgrounf fiting
i.-. — and gquantification

operate in multitasking mode, data
analyvsis and aguisition at the same
time

use an operating system of general
use, allowing easy data transfer to
other computers

include a terminal, parmanaent
memory devices [ hard disk ), and
flexible disk drive and printer for
retrieval and printing results, and
eficient operation of the syatem

OPFTIONS:

heating/cooling of the sample under
obsarvation

. 8tage for samples whith dimensions
of: - height of at least 10mm
- diameter of at least 15mm

SAXPS device

brngd be;m icon gum, fer surface
cleaning, in the fast entrance device

fracture dewvice in UHY

backscatered electron detector

residual gas analyser installed in
the main chamber

vacuum transfer chamber - for

sample transfer from other syvstems
under vacuum or inert gas

EL.18.




Any conflicts or limitations o  the
eguipment that may arrise from these
options should be clearly stated

The possibility of including aditional
ports in the main chamber, agreed at order
time, for future expansion ( p.e. EDS)
should be stated

3. Technical information:

.. Included in the detailed technical information
provided on the different units, needed for
evaluation, the following specific informations
shall also be provided:

a. Sample dimensions and positioning:

maximum sample dimensions

working distance, from sample surface, to
electron gun and spectrometer for good operating
conditions

angular positioning, to sample surface, of all
intalled units (X-ray gun, electron gun, ion gun
and spectrometer )

k. Electron spectrometer

enargy range
resoclution in different operating conditions

c. Data required in AES/SAM mode

printed Cu Auger spectrum, in the range

" 880 eV - 970 eV", as recorded in the

conditions:

Ep=10Kev Ip=18nA

. dE = 5eV (.5%) or similar

including:
. counting rates/ channel time

peak (LMM) and background intensities

noise amplitude (pp) on background

relation = p.a. graphie

representation - of counting rate,

for the Cu LMM line, to lataral

resolution {( from electron beam):

I{cps-CulLMM) = f{lateral resolution)
for: Ep=1&keV , 4dE= @.5% or similar

EL.11.




d. Data required in XPS mode

relation of counting rate to spaectrometer
resolution, for the Ag 3d 5/2 line, wusing Mg
anode at 308 W. Working distance, from sample to
X-ray source should be stated.

similar data with SAXPS , if this option is

proposed

EL.12.
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F1. CRYSTAL GROWTH/ZIONE REFINING EQUIPMENT

F1.1. MULTI-TECHNIQUE RADIOFREQUENCY CRYSTAL MELT-GROWTH UNIT (INTEGRATED
ZONE REFINING UNIT AS OPTION)

For the production of single crystals and high purity specimens for R & D:
metals, intermetallics (incl. rare earths), fonic crystals, refractory
oxides, semiconductors, etc, Multi-purpose stainless steel growth chamber:

. Czochralski aud Bridgman crystal growth

. Cold crucible (levitation) and hot crucible operation.
RF heating, fully controlled and adapted to the system,
High vacuum or controlled ag:musnhere. fncluding overpressure work.
Ultimate vacuum at least 107% Torr.
Possibility of resistance heating (option)
Possibility of 1ink to zone refiner 1nFl.2.

Growth Chamber

Internal ¢ at least 25 ¢m, water cooled, ? shuttered ports with windows
. {viewing + optical temperature sensing). Lateral blancked vacuum port for

link to horizontal zone refiner (option). Coaxial RF feedthrough,

interchangeable Czochralski/Bridgman coils. Feedthrough for resistive

heating. Pulling head and base crucible shaft fully controlled,

Yacuum System

To provide operation at 10~% Torr at least, fully valved and interlocked,

with suitable vacuum gauges. Provision for installation of residual gas

analyzer (see 1tem F5.8).

& & % ® 3

Pulling head for crystal growth.

On top of chamber, water cooled pull shaft, Rotation/translatin modes, highly
stable: Ilmm/h to 10® mm/h (up to 20 cm translation) typically; 1-50 rpm.
Digital Control Unit iucluded. State whether acceleration rotation, cyclie,
bidirectional, ramped motion are possible,

Crucible Rotation/Translation unit

At bottom of chamber, water cooled shaft, controlled crucible
rotation/translation: Czochralski and Bridgman methods, Axial temperature
sensor, at bottom of crucible. Speeds and controls similar to pulling head.

. Czochralski Assembly

RF water cooled coil, graphite crucible with insulation, mounted on
rotation/translation unit, Temperature control through RF power, Crucible
stand, interchangeable with Cu cold crucible (see helmﬂi

Bridgman Assembly

Graphite susceptor and crucible for Bridgman crystal growth. Control of
temperature both at susceptor and crucible tip,

RF generator

25 KW at least, in 100-400 KHz range, fully interfaced to the system, power
controlled from zero, Indicate whether RF generator is (or not) of aperiodic

type. RF power and temperature controller; state maximum operating
temperature,

EL.13.
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OPTIONS

a) Bas system: flowmeter and pressure/vacuum gauges.

b} Digital interface: for external computers, two-way communication with
pulling head, crucible drive, RF power and temperature controller,

¢) Resistance Heatfmg: in growth chamber, to cover independent ranges:
typically up to 900%C and 900-1600°C (or higher). Power supply with manual
and automatic comtrol.

d) Vertical cold crucible: water cooled, in copper, for levitation melting by
RF heating, adaptable to the shaft of rotation/translation unit,

&) Vertical float zone facility: for crystal growth applications inside chamber.

f) Chart Recorder: to record temperature-time profiles.

g) Optical pyrometer: direct type, adjustable to growth chamber viewport and
matched to temperature controller in Fl.1. Emissivity compensation,
Linearized output for control. Range 600°C-1600°C typically.

@ ri.2. ZONE REFINER

Horizontal quartz-tube zoue refiner with leveller, RF coil, vacuum and inert
gas work. Automatic translation, 30 cm traverse typically, preset counter
monitors and control number of passes. Forward/Reverse speeds set
independently in range 1 mm/h - 10° mm/h typically. Copper horizontal cold
crucible, Unit 1inkeable to chamber in item F1.1, using then the same vacuum
and gas systems, motion controller and RF generator (or RF generator in F4),

F1.3. SMALL - SCALE QUARTZ TUBE CRYSTAL GROWTH SYSTEM

For ready and versatile preparation of materials by the folllowing methods:
- Czochralski, Bridgman.

Radiofrequency coil and resistance heating element
Vacuum or inert gas atmosphere [up to 1 bar)
Ultimate vacuum better thau 107 Torr under operation.

Pulling head with rotation/translation, with automatic operation and
| . control .

OPTIONS

a) Vacuum system with measuring units and gauges, 10°% Torr vacuum typically.
b) Float zone facility.

c) RF generator fully adapted to the unit (desirable as 1tem in F4), with
power control of temperature in growth chamber,

EL.14.
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F2. DIRECT CASTING FROM THE MELT (Vacuum/Inert)

FZ.1 Unit for RF melting and casting of sizeable metallurgical samples

To prepare high quality fngots for metallurgy or engineering needs (up to 1-3
Kg per melt), and in development applications including 1ndustry., RF melting
under high wvacuum or with a high purity inert gas atmosphere,

Processing chamber in stainless steel, water cooled, with a feedthrough for
RF coil, internal diameter not below 30 cm. Lateral pumping post. Bottom of
chamber with and accepting different demountable casting moulds.The future
use of a translation/rotation crucible stand, for Bridgman process, should be
possible. Top of chamber to enable future fnstallation of a
translation/rotation pulling head (Czochralski method).

Hot crucible assembly for melting of materials with a removable finger
(manual or automatic) at the basis of the crucible, or equivalent mechanism.
Primary and secondary vacuum to cope with large outgassing typical of this
application; state the ultimate vacuum attainable {iu clean chamber,

OPTIONS

a) Cold crucible assembly with a cold fiuger mechanism and automatic removal
{or equivalent), for direct casting into mould (masses up to 200 g).

b) Translation/rotation pulling head to fit the top of the melting chamber,
for Czochralski crystal growth, with control unit.

¢) Standard cold crucible assembly (without cold finger) for button melt and
use in Czochralski method.

d) Translation/rotation shaft to support a hot crucible (susceptor heating),
adapted to the Bridgman method, with control unit,

e) RF generator, at least 25 KN, fully interfaced with the system and fully
controlled (see items in F4),

f) Temperature sensor and measuring equipment, for monitoring and control,

F2.2 Small laboratory unit for direct casting of metals from a cold crucible

Vertical transparent tubular chamber, with demountable top and bottom plates,
for use under vacuum (typically 10~ Terr) or inert gas atmosphere., Internal
cold crucible with cold finger at the bottom and automatic removal of the
finger (or equivalent mechanism), for direct cast in a mould,

RF cofl matched with the cold crucible (30 cm capacity typically), to be
connected preferably to a multi-post RF generator (see items in F4).

OPTIONS

a) Vacuum system with measuring equipment, adapted to the tubular chamber,

b) Double wall tubular and transparent chamber, water cooled, to reduce tube
crystalization.
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F3. ARC MELTING
F3.1. Advanced arc melter

The unit must provide all the facilities for the contamination-free melting
and alloyi ng of metals and semiconductors in inert atmosphere at temperatures
up te 3000°C (or above). Water cooled hearth, readily demountable and
interchangeable, with different shaped cavities (circular, circunferential
and strafght elongated grooves). Cold-hearth rotation and translation with
adjustable (and reversible) speeds, to enable automatic seam and
circunferential welding. 4
Work chamber leak tightening to enable pressures between 10™° and 10 Torr
typically, with ports for outside observation. Water cooled power cables;
thoriated tungsten electrode assembly easily adjustable, to cover a
significant range of the work-chamber space.

OPTIONS

a) Stabilised d.c. varfable power supply with high freguency arc initiator.
b) Three jaw scroll chuck easily fitted onto the hearth, for automatic
circunferential and lateral seam welding.

¢) Fast-pumping unit for chamber evacuation {10'5 Torr typically).

F4. RADIOFREQUENCY INDUCTION GENERATORS
F4.1., F4.2 - General Purpose Radiofrequency Inductfon Generators

Of the aperiodic type (or providing equivalent facilities), enabling work at
appreciable distances from the generator (up to 10 meters at least),
frequency adaptable typically from about 100 KHz to 400 KHz. Several working
posts, with straightforward commutation among them, Remote control by low
voltage (e.g. 0-5V). Low voltage on inductor,

To be used as reliable, controllable and flexible multi-purpose RF Generators

in applications such as: heat treatments, welding and brazing, crystal
growth, zoue melting, bonding, etc.

Proposals to be received for:

Item F4.1 - 1 RF aperiodic Generator, 50 KW efficient power (approx.),
including 2 working posts,

Item F4,2 - 1 RF aperiodic Generator, 10 KN efficient power (approx.),
including 2 working posts.

OPTION: should be presented for a RF aperiodic generator of 25 KW, 2 working
posts, instead of 10 KM,
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F5. FURNACES AND COMPLEMENTARY EQUIPMENT FOR HEAT TREATMENT OF MATERIALS |
F5.1 High temperature vacuum or controlled atwosphere multi-purpose furnace
- Operations fn efther vacuum, inert gas or controlled atmosphere.
Temperature range: up to 1600°C typically.
= Temperature control: programable with build in micruprncessnr.E
H1gg vacuum system, semi automatic, for operation in the 10°° to
107% Torr range. :
Hot zone @y . at least 7 cm, length at least 20 cm,
Power at least 12 EVA.
Possibility future installation of options below.

OPTIONS
a) Quick Quench Kit
b) Dilatometer
¢) Diferential Thermal Analysis
d) Hot Press Kit suitable for sintering with controlled grain growth
F5.2 Inert gas purifier
- Gettered Gas Purity better than 10~% ppm
- Maximum pressure: 400 KPa
'] - Gas flow: argon 20 LPM; Helium 50 LPM
F5.3 Digital temperature programmers
- Stable to 1/2°C typically
= To operate external equipment at pre-set temperatures
To be programmed for different temperature sensors
To communicate with an external microcomputer
- Option: 3 similar units
F5.4 51T1icon Carbide heated furnace (or equivalent)
- Temperature up to 1500°C
= Heavy duty range heated by transverse roof mounted elements
Supplied with a removable ceramic or silicon worktube
Uniform zone length 40 cm typically.
Work tube bore ¢=6 cm, length 50 cm, typically
F5.5 Yacuum tube furnaces
= 2 furnaces, one horizontal and the other vertical
- Maximum temperature 1200°C
Vacuum system capable of producing 1075 Torr
Work tube 5 cm diameter and 50 cm typically
= Uniform zone length and 50 cm typically
@  F5.6 mitipurpose Modular Yacuum System
- Modular type, rotary/diffusion pump, 10~% Torr typically.

= Fully valved, interlocked, with vacuum gauges and measuring equipment,
cold trap.

- Speed 270 151 typically.
F5.7 General Purpose Optical Pyrometer

= Direct type, emissivity compensation.

= Linearized output for control,

- Options: a) Measuring range 600 - 1600°C typically

b) Measuring range 600 - 2000°C typically

F5.8 Residual gas analyzer

= Total and partial pressure down to 10~10 Torr at least.

= Multipurpose unit, easily adaptable to different systems
= Leak detection mode,

EL.17.
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Fl.

F2.

Fi.

Fa.

F5.

PACKAGE F: PREPARATION OF MATERIALS

CRYSTAL GROMTH/ZOME REFINING EQUIPMENT
Item F1.1 - Multitechnique radiofrequency crystal melt-growth unit

Item Fl.2 - Radiofrequency Fone Refiner
Item F1.3 - Small-scale quartz tube melt-growth system,

DIRECT CASTING FROM THE MELT (Vacuum/Inert)
Item FZ.1 = Unit for RF melting and casting of sizeable metallurgical
samples,

Item F2.2 - 5mall Laboratory RF unit for direct casting of metals from a
cold crucible,

ARC MELTING

Item F3,1 - Advanced Arc Melter.

RADIOFREQUENCY INDUCTION GENERATORS

Item F4.1 - RF Aperiodic Generator, 50 KW, Multi-Working Posts.

Item F4.2 - RF Aperiodic Generator, 10 KW/25 KM, Multi-Working Posts,
FURNACES AND COMPLEMENTARY EQUIPMENT FOR HEAT TREATMENT OF MATERIALS

Item F5.1 - High Temperature vacuum or controlled atmosphere multi-
purpose furnace.

Item F5.2 - Inert Gas Purifier,

Item F5.3 - Digital Temperature Programmers.
Item F5.4 - Sil1con Carbide Heated Furnaces,
Item F5.5 - Vacuum Tube Furnaces

Item F5.6 - Multipurpose Modular Vacuum System,
Item F5.7 - General purpose Optical Pyrometer,
Item F5.8 - Residual Gas Analyzer,

EL.{B.
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Fackage G: WORKSHOF EQUIFPMENT
Item Gl. Precision wvertical mill

General :
class 7 precision spindle bearing
spindle speed:
= wvariable - minimum of 8 steps
- range : 100 to 2020 RPM, typical
spindle motor power at least 1.5 KW
. head tilt front and back : from -45 to +45
. . head tilt left and right :from -9@ to +90
variable guill feed rates (minimum of 3)
quill travel at least 128mm
knee travel at least 480mm
table
- size at least: Z200mm X 1008mm
- longitudinal travel (X) at least 750 mm
- cross travel (Y) at least 3580 mm
. toolbox

Options:
. milling vise
clamping kit
vertical / horizontal rotary table

Item G2, Tool room lathe

. General
. built te satisfy IS0 1788
universal metric / English threading and
feed gearbox
ajustable torque
centres
- height at least: 14@mm
- admits between at least : 5@@mm
swing (diameter) at least : 288mm
motor power at least: 1kw
apeads
= minimum of 8
= range : from 40 to 2008 RPM typical
feads
- without recourse to changewheels=: 12
= range : from @.85 mm
precision jaw self centering chucks
electrical coolant pump and tank
low voltage machine lighting
electricaly operated spindle hrealk

EL.18.
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Ttem G3,. Column drilling machine

General:

Drilling capacity (cast iron/steel): 17/15mm
speed variation

- from 180 to 18808 typical

- aspeeds number @ 8 minimum
including table, lighting and mecanical
fead

Fackage H: SMALL COMPUTERS AND COMMUNICATIONS EQUIFMENT

Item Hl. Computer

General:

Options:

systems
three ,  personal computer class, wunits
intended for general text editing and

management support, including

= monocromatic monitor (optionally color)
= flexible disk drive
= winchester hard disk , 2@ Mb
= memory ; at least 648 Kb, expandable
- paralel printer port
- two serial, RSZ232, ports
- dot printer, with high gquality printing
mode
= MOuse
- software support for:
= text editing facilities
= data base creation and management

backup units to connect to twe of the
computers
Bernoulli +type , or eguivalent,
removavble external disk units,
with capacity for 18 Mb or 200 Mb
, optionally

local network interconnection
laser printer

software for general management and
accounting

EL.19.
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Item HZ, Telefax unit.

General:
compatibility: CCITT Group 3 (MH,MR)/ Group 2
document size: Ad and smaller
resaolution @ G3
horizontal - at least 8 pt/mm
vertical - at least 7.7 lines/mm
antomatic document feeder
modem speed : 9688/ TZE0/4B800,/24880 bit/s
with automatic fallback
time register of copy sending and reception

. Dptions:

half-tone operation

EL.20.
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AHHE® 11

DEPOSIT GUIDE MODEL
Deposit Guide HR,........
Esc:. it
Shall....ooviiinininren, e b e R R e h e .
T T =T L
M cssasinnssennnens vessssssss, deposit in Coixo Geral de Depdsitos
(headoffice, suboffice, agency or delegation) the omount of
Esc:..vnnnnnns $00 (full written), o o Bid Bond demanded for

admission to International Competitive Bidding n® UP-....... for

equipment and moterial supply to the Universidade do Porto, to take
place on the ..... ..

T T T ., according to
He.............. of respective program end invitation to bidding
doted (el e et i «vvs « This deposit stoys ot the

disposal of Universidade do Porto, entity to whom the notification
nust be sent,
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AHHEX 111

BID BOHD GUIDE HODEL

Exm? Senhor
Reitor da Universidade do Porto

Upon request of ... riin e enreanrsnrransnnsns
profession, living al.....oovivivnnnnss vessssrrrsssss bidder
to the International EnlpatFtiua Elddlng n“ UP— ..... , for equipment
and moterial supply to ............. e = -t e e i e e e e e el '
we hereby agree, in nome of the Eunh ........... D inmaais .
we offer all bonk guarantees up to the aggregate amount uf Eac

Wi " $00, due to the ............. c+eveeses.Bond, required
in the Competitive Bidding Documents, for the above mentioned
supply, whose value is of Esc: ........... $00, as if it were a cash

deposit, undertoking to moke any poyments required, up to the
aggregote amount, as scon a3 the Universidade do Porto demands
them, under legal and contractual claouses, if the Bidder having
failed to accomplish any of the conditions to which he has commited
himself under the terms of the Competitive Bidding Documents, does
not pay the respective amounts. Total amount of this guarantee is
of Esc: ........... $00 (full writing and numbers).

Signature,.......... .

(Duely recognized, with specification
of under what quality are they signed)
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AHHEX U

PRICE PROP
HOTE: THE BIDDER SHALL TAKE INTO CONSIDERATION WHAT IS DISCRIMINATED IN NUMBER
2.5, 0F THE COMPETITIVE BIDDING PROGRAM, AS HE ELABORATES AND SENDS HIS PROPOSAL.

Proposal text:

Fooeininnnnnnnes (indicar firma e sede, ou nome, profissdo e morada),
depois de ter tomado inteiro e perfeito conhecimento do objecto da
empreitada de fornecimento de................ «vves (designagdo do
fornecimento), o que se refere o andincio datado de ............... \
obriga-se a executar o referido fornecimento @ Universidade do
Porto,com o equipamento montado & pronto a funcionar, de harsonia
com o Caderno de Encargos e Condigdes Anexas,

no prazo de.......... R b .2 pelo quantia total de
....... Cissiasiaassaserssraaissasaaas B8R algarismos & por extenso)
conforme lista de pregos unitérios (Anexo U) apensa o esta proposta
e que dela faz parte integrante.

0 equipamento.......... e (indicar @ origem do mesmo) £
garant ido, contra defeitos de fabrico e do material,

pelo prozo de........... e aa e et e e i a e
¢ a presente proposta & valida por...... Cha i i aa e e a s i aa e

Mois decloro que renuncia a foro especial e se submete, em tudo o
que respeitar @ execugdo do seu contrato, oo que se achar prescrito
na legislaglio portuguesa em vigor.

Dota..........o0000000e, R
Assinatura,............ -
MMMMMHLM of the
............... (indicate firm ond headoffice, or name, civil
condition, profession aond oddress) after having had full and
complete knowledge of the purpose of the contract of....... Cee
(specify the supply) referred to in the invitation teo bidding dntud
from......... is obliged to execute the mentioned supply to

Universidade do Porto with the equipment installed and complete for

proper operation, according to Bidding Documents ond Rnnexed
Conditions.

within the period of............. e Ca e Ch e e Ch e
and by total poysent of.......... i ee e aaess oo lin figures
and full writing)

according to Unit Price List (Annex U) annexed to this Proposal and
being part of it,

The equipment..........,. e (indicate its origin) is guaranteed,
against defects uf manafacture and material.

for the period of............ Ty Chaaeaas Ch e e ssrraese ey
and this proposal is valid for, ..., .

rrrrr B E B 0 oE B BB E B F B B o8 o§ 8§

Also declares he renounces to special privileges and :ub.lta inall

uccurdlng to the execution of this contract, to what is prescribed
in present Portuguese Laws.




ANNEX V

PACKAGE N2
Narme of item and main specifications

mime  Jor smgie] Ao

Unit § Total | muesxg §or papip frsmes

AEHARK: WHEN FILLING THIS ANNEX PLEASE TAKE INTO
ACCOUNT THE RULES SET ON ITEN 2.3.1.1.




CEMMUP

CENTRO DE METALURSIA E CIENCIA DOS MATERIAIS |
oA |
UNIVERSIDADE 0O PORTO

s Exmg Snr.

OLhTﬁlfgfﬂ Reitor da Universidade do Porto

Porto, B9/18/18

Assunto § Concurso Pdblico Internacional - CEMMUP

Exmo S5r. Reitor

Mo guadrao processo do Concurso Publico

. Internacional, aberto pela Universidade do Porto, para

aquisigio de equipamentos e materiais para investigagdo

aplicada; destinados ac Centro de Metalurgia e Ciéncia dos

Materiais da Universidade do Porto = CEMMUF, a Comissao

Técnica de Avaliagido concluiu a awvaliagdo das propostas
apresentadas a concurso.

Dos resultados da analise das propostas se da conta pela
Acta da reunidao fimal da C.T.A., 8 respectivos mapas anexos,
sendo presente igualmente uma proposta de adjudicagac do
fornecimento dos equipamentos colocados a concurso.

A necessidade de obter o acordo antecipado do BIRD para
adjudicagac do fornecimento de eqguipamentos no quadro deste
concurss obrigou ou envio ao GEP , com o acordo antecipado do
Reitor da UWU.P.; de wum relatbrio sintese do processoc do CPI
contendo os mapas de avaliagdo das propostas & as propostas de
adjudicagdoc. De toda esta documentagdo se junta uma cbpia em
Anexo.

Finalmente, & na espectativa de ser realizada a aquisigio .
do equipamento de fotografia (Lote D) e computadores (Lote H)

. por consulta directa de trés empresas - conforme o recomendado
em Acta - juntam-se em anexo as especificagoes do eguipamento
e uma sugestdc para as empresas a consultar.
Com os meus cumprimentos

0 Presidente da C.1. do CEMHMUP
\_Mhﬁa
ry

P?nf+ Hordcio da Maia 2 Costa

Anexos:

= Acta da reunido de 89/10/% da Comissédo Técnica de Avaliagao
e respectivos anexos;

- Carta, HRelatbrio sintese e respectivos anexos, conforme
enviados aoc GEP;

- Especificagoes para o pedido de propostas de fornecimento
deé equipamentoc fotografico e computadores, sugestio de
enpresas a considerar;

RUA DOS BRAGAS — .4099 PORTO CODEX — TEL. 325530
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* CEMMUP

" (ENTRO DE METALURGIA E CIENCIA DOS MATERIAIS
DA
UNIVERSIDADE DO PORTO

Acta da reunifie da:

Comissioc Técnica de Avaliaglo das propostas apresentadas
ao Concurso Pdblico Internacional - CEMMUP

Mo dia 9 de Outubro de 1989, pelas 14.38h reuniu a

Comiss8o Técnica de Avaliaclo das propostas apresentadas an ™

Concurso Pdblico Internacional para aquisicHo de equipamentos

e materials para investigac#o aplicada destinados ac Centro de
Metalurgia e Ciéncia dos Materiais da Universidade do Parto ".

Estiveram presentes: o Prof. Hordcio Maia e Costa, que

| presidiu & reunilio, o Prof. Bessa Meneses, o Prof. Barbedo
Hagalhfies, o Prof. Brochade de Oliveira, o Prof. Fernando

. Monteiro ¢ o Eng. Carlos de Sa.

Aberta a sessio, foram analisadas algumas omisades e
inexactidbes verificadas na acta da reunilo anterior, de 21 de
Setembro, tendo sido aprovadas diversas correcges que constam
do Anexo I.

FPassou-se seguidamente A4 analise detalhada dos documentos
das diversas propostas, tendo-se verificado, em alguns casos,
a existéncia de incompatibilidade com as exigéncias do Caderno
de Encargos, nomeadamente:

. Item Fl1.1. - proposta :Zickerman / Leybold EKZ
258/208, Item F3.1. - proposta: Zickerman / Leybold LE B-45 e
Item E1. - proposta: Zickerman / Leybold MAX 188, apresentam
condigdes de pagamento incompativeis com o CE;

b. Item F2.1. - proposta: Zickerman / Leybold IS01, nio

inelui a instalaglo do equipamento; .
c¢. Item F5.3 - proposta: FRIPORTUS , inelui Precos am

. escudoes para material estrangeiro:
pele que estas propostas foram excluidas do Processs de
avaliaclo,
A proposta da M.T. Branddoc para o Item F5.5, que foi

aceite na avaliacHo técnica, foi agora regeitada técnicamente
por se verificar que o equipamento cotado ndo inclui todas as
caracteristicas mencionadas na proposta. Em condigdes
semelhantes foram rejeitadas técnicamente as propostas de
Alves & Ca(Irmlos) Lda para o Iten BE, anteriormente aceites,
por se verificar que nio incluem operagio automatica como era
suposto.
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Seguidamente realizou-se uma sintese do trabalho
preparatorico de anallise das propostas de preco para os
equipamentos aceites técnicamente na fase anterior e foram
ponderados os factores de avaliag¢lo previstos neo CE (B,C,D).
Considerande a metodologia prevista no Caderno de Encargos, no
3.34, foi realizado o escalonamento das propostas aceites para
cada Posigao , LOTE/Item, por ordem de preferéncia para
agquisiglo . O Mapa de AvaliagHo Global, Anexo II, contém os
resultados globais desta andlise.

A ComissBo Técnica de AvaliacHo constatou a inexisténcia
de propostas, aceites, de fornecimento para o LOTE D:
FOTOGRAFIA ( para o gqual ndo foram apresentadas gquaisguer
propostas) ea para o LOTE H: PEQUENOS COMPUTADORES E
EQUIFPAMENTO DE COMUNICACOES (as propostas admitidas foram
rejeitadas técnicamente), e propfe que a respectiva aquisigio
se realize por escolha de uma de trés propostas de
fornecimento, a solicitar a trés empresas especializadas
nestes equipamentos. Esta metodologia nlo levantard objecofes
de BIRD, de acordo com afirmac@es do Sr. Ellis na ultima
reunific realizada com a C.I. deo CEMMUP, desde que sejam
respeitadas as especificagbes técnicas e custos globais jA
aceites palo BIRD.

A Comiss¥o Técnica de Avaliagiio tendo por referéncia o
montante global previsto para este CPI e considerado o custo
do conjunto das propostas de fornecimente apresentadas
verificou a necessidade de reduzir, em relaclo aoc previsto, o
lote de equipamentos a adquirir. Tendo em conta o diferente
grau de prioridade dos equipamentos dos contemplados nos
varics Itens e os precos das propostas apresentados para os
Items F3.1, F4.1, F5.3, F5.4 ¢ F5.8 propde que n¥o se realize
a gqualquer adjudicaglo de fornecimento para estes
equipamentos, pelo que ndo inclui j& a seleccHo de qualgquer
Proposta no Mapa de Avaliac8o Global.

Anexos:

Anexo I - Correceles & Acta da reunilic de 21 de Setembro
Anexo II - Mapa de Avaliaclo Global

Anexo III- Propostas de adjudicac#o de fornecimento

Anexo IV - Mapas a enviar para o BIRD, para apreciaclo

Porto, 9 de Qutubro de 1989

P' Comissfio Técnica de Avaliaclo

-‘ﬁw

Prof. Hordecio Maiam & Costa




ANEXO I

Correcgies 4 Acta relativa A reunific de 21 de Setembro

a. a inclusdo, para o Item Cl do LOTE C - UNIDADE DE CORTE
POR ELECTROEROSAD - da proposta da M.T. Branddec para o
fornecimento de uma unidade SERVOMAT/SMD, técnicamente
compativel com as especificactes do CE, e portanto aceite, e
com a classificaglo A=8.

b. no Item F5.1 - Forno de altas temperaturas com vacuo ou
atmosfera controlada - em lugar de uma dnica proposta da Viara
Comercial devem considerar-se trés:

I = Viara Comercial

/ Thermal Technology Md. 1800-4080 VS100S5 === Aceite
II - Viara Comercial

/ Thermal Technology Md. 118@-308@ VS100S --- Rejeitada
III- Viara Comercial

/ Termolab Md. TVR S T@8/258 KS --- Rejaitada

¢. no Item F4.2 - Geradores de inducioc de uso geral- em

lugar de uma unica proposta da Crystalox devem ser
consideradas duas:

I - CRYSTALOX / gerador de RF 18kW === Rejeitada
II- CRYSTALOX / gerador de RF 25kW === Aceite

po-678 : 0088
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CONCURSD PUBLICO INTERNACIONAL - CENMUF
NAP# DE AVALIACRD BLOBAL
PROFOSTA

LOTE #: WMICROSCOPIA OPTICA £ HETALOGEAFIA
Ttea &1: Microscopio dptico wetalogrifice

AL/EAC. 1 - NIKDM / EPIFHOTO
AL/ERC.T - NIKON / OPTIPHOT/A
RIWLP.1 - LEITY / ARISTOMET-(epdd
ALFHLP.2 - LEITE / ARISTOHET-(opd
RIFNLP.S - LEITE / ARISTONET-(opd)
REALEC. 1 - DLYWFUS / PHE3-&13U
RIFLEC.2 = DLYWPUS / PHEI-112D
AL/LBL.T - DLYNPUS / PHET-3LTUM
ALILBL.4 - DLYNPUS / AHMT-51INE
AL/LBC.S - OLTAPUS / AHNT-S13
HLM.1 - CARL IEISS J AL10PHOT
AL/AC.1 = REICHERT=JUNG / POLYVAR - NET 1

Itew AZ: Microscépio estereoscipico

AZ/ERC. 1 = MIKDN / SHI-ZT isdotl)
HZ/ERC.T = NIKDW ¢ SMI-2T isiet2)
RZ/WLP, L - WILD / W3 I00M
HI/NLP.Z - WILD / MB 100
A2/LEL.1 - DLYHPUS ¢ STH=011
AZFLEC.2 - OLYMPUS [ S1-TR=N

RMEID 11

COMPATIBILIDADE PAIS  AVALIACM

TECNICA CON
ESFEC]IF ICRLOES

rejei tada
rejei kada
aceike
aceike
aceite
rejei bada
rejeitads
rejeltado
ri el tado
rejeltado
iceite
iceite

weite
weite
aceite
dceite
aceike
rejeltada

DE 4
ORIGER & B C B

EFR/SUICA 18 B B B
RFR/SUICA 3 8 @ @

EFf 008
kiR b @ RB
FEANCA B2 Q@
JARAD i@ 8@
JRRALD e e n
sUICA 2 2 B @
SUICA iBew
JARAD U

FRECD (1}

CIF / p.fab.
U5§r 25, 04L.E
Esr  IT,497.0
s 39,3760
Esr  A8,477.8
sk 37, 719.8
U58: &,785.8
U5#4: 7,58l.8
5§: 4,028.8
U54: 4,138.9
Uss: 48738

US$ 2B/ T)e

e
INSTALACAD (21

8.0
(]
.8

Esct 1,248,200.0
iR

e
e
8.2
B0
8.8

159.00

PRECO_ DE
REFERENCIA
(3

4,816,634.7
4,601,955.0
5,432,230.5

8,261,249,
5,947, 321.0

1,168,373.%
1,273, 199.9
735,472,7
197,281.7
174, 687.8

DRDEN
DE

BELEC.

el o= pd LA e

PRECD GLOBAL
(CIF+INSTL)
ESCUDGS

4,168, 378.8
i, 483,823.8
B, 244,084.0

1,682, 004.0
§,997,311.1

1,I98,822.2
1,178,526.2
£39,498.8
457,942.8
TT4 607,08

FRELD FEMAL

aproziaddo

(ITI+2.500 Esce

5,281,284.7

789,836.%

HPG. 1



AL/LEL.2 = OLYWPUS 7 51-TR-N rejeitada
Z/H.0 - CHRL TEISS / 5V B rejeitado

LOTE B: PREPAAACRD £ TESTE DE WMOSTRAS METALOSRAFICAS
Item Bl. Microdurimetra

BIMWE.T - SHIMADIU W aceite
BEFVC.2 - SHIMADIU WMy 2808 weite
BLIS0.1 - BUEHLER / WICROMET 1 aceite
B1/50.2 - BUEMLER / MICROMET Bigital iceite
BL/WLP, | = LEITI / MINILDAD 2 rejeitado
BLFWLP.2 = LEITT / HINILOAD 2 DIGITAL rejei tado
BL/H.| - CARL TEISS / BLIOSKDR H & NHT=4 rejeitado

Ites B2. Miquina de corte wniversal

B2MVC.1 - STRUERS / EIOTON = W aceike
BZ/VC.2 - STRUERS / E10TON iceike
B2/¥C.3 - STRUERS / DI1SCOTOM rejeitado
B2/VC.4 - STRUERS / DISCOTOM 2 rejeitado
§2/80.1 - BUEWLER / ABRASIMATIC rejeitado

Itea BI. Prensa de moatages de amostras a quente

E3/VC.1 = ETRUERS / PEESTOPRESS 3 rejeitado
BIVC.2 - STRUERS / PEONTOPRESS 7 aceite
BI/WL.T - STRUERS / PRIMOFRESS pceite
EIFS0.1 - BUEWLER r SIMPLIMET 3 aceite
B2FAC.1 - REICHERT-JUMG / HYDROPRESS M rie el bado

Ites BY. Equipasento pira sontages de asostras i frio

JEFAD B re
JARAD B @8
UK. g 2 @8
UK. | & @

DIKAMARCA 18 8 1@
DINAMSRCA @ 8 @

PIMAMSRTA 5 B @
DIMANARTH @ @
U5a LI

-

U5k: 7,751.8 Esce
U54: 14,182,5 Esce
US$: HJELI
Lt § 153128

L5: I8,756, 3 Esc:
ag: 2,013 Esce

EEt &, 450.8 Esc:
US$:  B,550.0 Esc:
U5k 3,557.8

1,000.0
i, 0.0
B.u
g1

18,800.0
10, 800.0

9, @02.0
8, e00.@
B

1,418,298, 1
2,285, 017.5
2,026, 160,9
2,471,127.1

3,549,857.8
3,507,671.7

1,13%,385.3
1,389,450.9
520,080, 2

b e

e

TOTAL DO LOTE: &, 878,321.7

1,262,409.8  1,513,086.5
,285,017.5
1,761,879.0
7,434,400.0

3,012,251.7
5,5017,870.7  4,217,930.1

1,BA1,710.0
I, 387, 458.8
£89,783.8  1,855,79%.3

WFe. 2




¢ ¢ =

B4/¥C.1 = STRUERSS Epovac + BINDER Jed. E28 aceale DIWASSECE B B @ @ 15 7358 a.8 128,284.0 i 12@,204.0 {44, 154.8
450,01 = BUEHLER f Vacuus !Ipr[q. Equipseat  rejeibads o e it Bl
BA/AC. I = REICHERT-JUNE / VAOUNAT rejeitado i s i

Iten B3. Equipasento de polimento grosseiro

BIVLL1 - STRUERS / KMUTH-ROTOR-2 aceite DINAMSRCA 2 B 0 2 USH: 2,200 Escr  30,R0d.R 3682, 960.0 i 382,968.8 458,411.3
B5/50.1 - BUEHLER /7 DUOMET 11 rejei tade — 22l
BES/RC.1 - REICHERT-JUNG / POLISSEUSE tip.DUD aceite FRAMCR 5 B B B IS4 7,457.8 B 454,147,712 422,463.0

Itew Bé, Unidade de polimento finp

MJ"'T-I. = E;RI.EE'S ! ﬁm[" r‘EjEjti‘ﬂ e ——
BS/WC.2 - STRUERS / PREPAMATIC rejeitade ——— -
BE/VC.3 - STRUERS / PLANOPOL 5 + PEDEMAI 2 aceite DINAMSRCA 1| B B B USH: b,800.8 Esc:  JREmR.@ 1,027,418.@ 1,000,000
B&/VC.4 - STRUERS / DAP ¥ + PEDEMIN aceite DINAMSRCA 3 B B @ U5k 1,655.0 Esc:  30,004.0 £37,29.5 1 B11,045.9 732,038.1
B&/50.1 - BUEHLER / ECONET 2 + AUTOMET 2 aceite sk 8@ R Uk 5,8%4.8 .8 1,Bs, 2155 I 72,9700
B4/50.7 - BUEHLER / ECOMET 3 + AUTOMET 2 aceite Li5h R oR OB uss: &, 343.8 .8 1,854,255.5 F 1,88, 655.0
Bo/50.3 - BUEHLER [ ECOMET 4 + AUTOMET 2 aceite ) BeaR IS Ty 7358 .8 1,178,020 i 1,258,824.0
B4/S0.4 - BUEHLER / ECOMET 5 + AUTOMET 2 rejeitado ————
B&/AC.1 - REICHERT-JUNG / PM &8 + PN 42 rejeitado = wm mm aa
B&/AC.1 = REICHERT-JUNG / PM &8 + PBO rejeitado ——— e =
[tea ET. Unidade de polisento electralitice
ET/VC.1 - STRUERS / POLECTROL aceite DINAMARCA 8 8 8 2 USs: 5,9%8.0 (K] 42,8708 947,678.8  1,130,736.8
B7/50.1 - BUEMLER / ELECTROMET 4 rejeitado am mm mm e
BI/AC.1 = REICHERT-JUNG 7 POLINAT aceite FREMCA 5 8 8 @ US%:  &,904.0 8.0 1,000,882 1,837,136.0
Itea B8. Duas unidades de limpera por ultra-soms
BB/WC.1 = STRUERS / METASDN &8 + METAGON 288 aceite DIRAMARCH @ B B 8 (&% 1,3685.8 i.8 411,815.8 4008158

HFé. 3




BB/WL.1 - STRUERS 7 WETASON JB + METASON 120  rejeitade e
BE/50.1 - BUEHLER / ULTRAMET V + ULTAMET 1011 aceite Usa 58 8 B IS 1,639.8 8.8 34,3301 292,401.8 158, 581.9
BE/AC.1 - REICHERT-JUNG / RE-1845 + Tu-20 rejeitado S

TOTAL DO LOTE:  9,402,798.7

LOTE C: UMIDABE DE CORTE POR ELECTROEROSAD
Ites Cl. Unidade laboratorial de electroerosio

CI/NTE.1 - SERVOMAT | SND aceite 0K, BB @R LSk T5,290.0 Esc: 278,000 5,B31,118.9 5,631, 118.8 &, 985,521.7

TOTAL DD LOTE: &, 984,321.7

LOTE Er ERUIPAMENTD BE mJLIS-E DE ELEHFH:FIEE
[tes EI. Unidade de andlise de superficies

EL/VE. I = W& SCIENTIFIC/ESCRLABZOE A+VESABESI aceile UK. B 2 B @B WSk S3A.9I0.E USH T;800.8  97,388,543.8 4 E5,85%,1E3.0
ELIVE.Z = V& SCIENTIFIC/ESCALADZER A+VBSTSE aceile UK. L 2 B B WSk 547, 4B5.0 USH: 1,600.8  91,185,145.8 I B8, 293,453, 8  1R3,B4%,6035.8
EL/VG.3 - V& SCIENTIFIC / MICROLAE 388 0 aceite UK, B2 @ B USE: 56, 5TE.D I54: T8 187,517,113.3 4 105,438,010.8
EI/RB.1 - RIBER / NAMOSCAK SA aceite FERRCA i@ B @ B WSk S44,070.0 B.8 9%,85%,870.5 3 B5B34,47R.0
EL/KRT.1 - KRATOS 7 ISKN 288 + VISION Zage aceite . K, i@ 4 @ B U5 bBE,BRA.R BB 114,653, 792.8 b Fh,472,080.9
ELVKRT.2 = KRATOS 7 ISAN BBE FCL + VISION ZoeR iceile Wk 34 R B UEE ATE,AMLA B8 118,685, 261.8 I18%,773,580.49
EL/PE.1 - PERKIN ELMER / PHI 5589 M1 deike 1] 6 2 0B ISR &31,70.0 .8 001,464,376.7 3 18@,5%9,816.49
TOTAL DO LOTE: 105,84%, 685,08
LOTE Fi: CRESCIMENTO OE CRISTAIS -
ERUIFANENTD DE PURIFICALAD FOR 10MAS
Ites F1.1. Unidade de crescisento de cristais
por fusio es BF wsasdo técaicas multiplas
F1. IFCRY.1 = CRYSTALOY / MEGS3 aceite UK. BN BB UEer MI5AR50 Esc:  RI,E0R.8  50,0B2,195.B 1 51,k82,0%5.8 &1,233,%948.10

PG4




iten F1.2, Purificador por rona

FL.IAGAY.1 = CRYSTALOX / und. complesentar MCE  aceite .k, BB R USn 38,850.8 Esc:  95,B00.0  4,272,950.8 I &27%,958.8  T,500,033.1

Item F1.3. Pequeso sistema laboraterial de crescimento
de cristais en tubo de quartzo

FI.3/MTB.1 - TERAY BROWN / BCE Ja5 aceite UL K. B2 B @ Uss: 24, 40.0 Esc:  230,00R.0  4,108,2:0.0 | 4, 188,068.0  4,910,268.5

TOTAL DO LOTE:  73,644,270.7

LOTE F2: SOLIDIFICACAQ DIRECTA A PARTIR DA MASSA
FUNDEDA ( VACUD OU ATMOSFERA INERTE}
[tea F2.1. Unidade de fusio BF para preparagio
de amgskras wetaldrgicas

FZ.1/CRY. 1 - CRYSTALDL / BC 8283 rejeitado

Ites F2.2, Unidade para fusio directa de setais ea
cidinha frim

F2.2/CRY. 1 - CRYSTALDX / CCAZ3L rejeitada
TOTAL DD LOTE: (.M ]
wF A
LOTE F4: GERADORES DE INDUCAD DE RADIDFREQUEMCIA
Itea F4.2. Beradores de wso geral {18/25 kM)
F4.2/CRY.1 - CHELTEMHAM / 18 EN rejeitado
F4, 2/CRY.2 - CHELTEMHAM / 25 kM aceile UK. U B} 65,288.0 Esc:  435,000.8  18,801,600.8 1 la,B@l,Be@.@  L2,940,304.%

TOTAL DO LOTE:  LZ,940,304.%

e
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LOTE F3: FORNJS E EQUIPAMENTO COMPLEMEMTAR PARA
0 TRATANENTD TERMICD BE MATERIALS
Item F5.1. Forno de altes tesperaturas com vcws ou
ateosfera controlada, para fins multiplos

Fa. I D - THERMAL TECHKOLDGY/!I@B-3868a1-Y5 rejeitado
F3.1/%C.2 = THERMAL TECHROLOGYS|E28-4B82al-VS  aceite
F3.1/%C.3 = TERHOLAE /mod, TVR § 78-258 KS rejeitadn
FS:1/WEB.1 - CENTORR / M&R Uc/ 3 acessériss) iceite

Iktew F5.2, Ferificador de gds inerle

F3.2/CRY.1 - CRYSTALDX / gas perifier aceile
F3.2WC.1 - THERMOTEC / [6#-18 aceite

[tes F5.5. Fornos bubulares

Fi.3fFR.01 = FRIFOATUS / Mor ou Wert, rejeitads
F3.3/EAC. 1 = WERRELS 7 RO4-58 ou oubros rejeitada
F3.5/W0.L = TERMILAE F THR &@r4EQ rejeitada
F3.5/MTB.1 - 56 Control/ ansealing furnace rejeibado

Itea F5.b. Sistena de vicuo para fins edltiples

F3.8/MTE.1 - BLLCATEL / BB aceite
FS.8/WC.1 - BLCATEL / Bl@2 aceite
Fi.biCh.1 - BALIERS / (HS 108 aceite
Fo.5fCR.2 =~ BALIERS / TSH 242 rejeitado
F3.&fCA.Y = BALIERS / TSH 332 rejeitada

tea F3.7. Firdeetro dptico

F3. T7CRY.1 - CRYSTALOX / rejeitado

132,501.0 Escy 22,137, 143.8 19,587,459.8

¥&,910.8 Esc: 0,408,089.8 Q& 745,890.8 1o, 745,870,810, B48,59%.2

;7880 Esc:
13,180.8 Esc:

LA ol
L -
L ]
o
[ %]

-
=y

12,2778 Esce
1Z,888.8 [Esc:

.. -]
[ - -]
L - ]
L]
gEs



L » P

FS. TV - MIKRON & HAT-&Q@-175872200 rejeitado

S ——

TOTAL DO LOTE:  22,%23,21R.7

LOTE B: EQUIPAMENTO OF 1CIMAL
Item B1. Fresadora verbical de precisio

GL/AM.1 - WOLEE / FlR v aceite  ESPANMA 1@ @ @ B USS: 18,8720 Esc:  BI,ERR.E 2,060,952 1 1,809,540.8  2,187,851.1
BI/AN.2 - HOLKE + FI@ V + FASOR / VO 294 2 dceike ESPARHS @ B B B LSE: 13,5728 Esc: Bi,BRd.8 2,256, 748,04 . 2,238,740.0
BI/AN,S = HOLKE / F18 ¥ + FABOR / VD 248 3 aceite ESPAMHR @ B @ B Use:  14,297.@ Eec:  BLRER.E  2,304,213.0 I 2,154,225
ey Ikem 52, Torna paralels
Q
| B2/EM. 1 = PINACHD o L 1652750 aceite ESPAKHA 1@ B B @ LG8 1,632.0 Ese: i3,118.8 I, 438,621.2 1 l,256,376.8 1,55,714.2
o B2/AN.2 = J.R. [redos f T5-18=17 aceite FORTUBAL R @ B @ Esc: |,85%,808.@ Est: 4.8 L B9, AT0.0 | 1. E76,458.0
=]
= )
[téw 63. Foradora de coluna
= BIFAN.1 - EF] f FRZ281 adnate PORTUGHL 18 B @ ® Esc:  0@5,0@3.8 Esc: 15,808, 8 135, 750.8 1 124, 008.8 43,4712
':::'l BifaM.Z2 = EF1 / FHZBE® aceite PORTUSAL @ B B @& Esc: 318,008.@ Escy 15,208.8 125, 808.8 . 325,008
..~ | e [ —
L TOTAL DO LOTE: 3,817,036.5

LOTE H: PEQUENOS COMPUTABORES E EQULPAMENTO DE EEHHHIHEEEE
Itea Hi. Computadores

HEFIC - ITC 7 2081 cajitado e e
HIIE.2 - ITC / 2987 relnitale e i i
HIPIE.3 - ITC 7 2183 rejeitado e i e
HI/CPC. | - HEMLETT PACKARD / WPVECTRA (S 26 rejeitado NP

HI/CPC.T - HEWLETT PRCERRD £ HPVECTRR ES 28 rejeitado == = me e
R1/CFL.3 - HEWLETT PACKARD £ HPVECTRA ES/12 25 rejeitado == == == es




BI/LPC.4 - HEMLETT PACKARD / WPVECTRA ES/12 48  rejeitado == =S
HEFCPL.S = HEWLETT PALEARD / MPVECTRA G5 185 rejeitado == mm =t =

TOTAL OO LOTE: B.a

TOTAL GLOBAL  241,855,181.9

e e N 0 R o e

EEELET

(i} - preco CIF ou * & porta da fdbrica * , conforee o a0 3.2 do C.E.
(2} - ecargos de instalago, coaforme o ng 3.2.1 do LC.E.

131 = preco de referdrcia coaforme o definido ne o 334 do C.E.

41 = factores de avaliagio conforee o definido me ng .34 do C.E.

0 prego final aproximado foi obtido considerands usa taxa aduaseira de cerca de 5L, 0 LV, A de 171 &
wad cotagido pera o delar de WSS = 159400

APE.8




CORCURSY PUELICO INTERNACIONAL - CEMMIP

CORTRATOS A REALTTAR

UE#{28/ 7= 15528
COKCDRREMTE: FRECO (L) IHSTﬂ.hI:ﬁHJ (2}  FRECD GLOBAL  FRECD FIMAL
CIF 1 p.fab, {C1F+1K5TL] aprozissdo

ESCUDDS: (17242, 51} Escr

WILD LEITI FORTUGAL
rracad Bisdsio Clube Fortugubs, B SiL
1208 L1SEDA

LOTE #2 MICROSCOPLA OPTICK E METSLOGRAFIA
ftee Al: Microschpio dptico sekalogrifico

iten AZ: Microscépio estereoschpico
AZINLP. 2 =~ WILD ¢ WA 7008 3 H 4,158.8 .8 £57, 42,0 T, 8369
'-IAL: Us#:  31,B35.0 B2 5,861,765 &,0T8, 3.7

Viara Cosercial (Miquisas] Lda
B. Deléia Ferreira, 509
4188 FORTO

LOTE Be PREPARACKD E TESTE OF ANDSTRAS WETALOGRAFICAS
[tea El. Microdurimebro
BI/AVC.1 - SHIMADIW M U54: 1,751.8 Esc:  3,000.8  1,242,409.8  1,503,884.5

Ttem B2, Migeina de corte wniversal
B2/VC.2 - BTRUERS / ELOTON it 21,9%6.5 Esci Ta,eaa.0 3,917, 8717 4,217,510.1

Item B4. Equipasento para wontagen de amostras a frio
BA/WC.1 - GTRUERS/ Epovac + BINDER /ed, E28 1o H T56.8 0.8 128,284, L4, 154, 4

1tew B3,  Equipasento de polinento grosseira
.ﬂ&u.'n.j - STRUERS / KNUTH-ROTOR-2 US§:  2,228.8 Esc:  3B,B00.2 362,980.8 458, 411.3

[ten Bb. Unidede de polismento fino
Bo/YC.4 = SIRUERS / DAP W « PEDEMIN (14 H] I1,655.8 Egcy Ta,004.8 b11,145.8 133,008, 1

Tien BY. Usidade de polisento electralitico
BT/VC.1 - STRUERS / POLECTROL Us8: 5,738.0 2.a THI.ETE.R 1,1TH,73.8

LATE F5: FORKDS E E-WIPE_HEHH] CORPLEMERTAR FARR
0 TRATANENTO TERMICD DE MATERIAIS
lten F3.b. Sistema de vicwo para fins adltiples

FLANC.] - Alacatel 7 6102 Uss: 12,860.8 Esc:  3O,R@8.B  1,950,728.@ 2,338,575

TOTAL: US§:  54,378.38 Esc: 190,000.30 9,763,199.70 1(9,534,868.99

AMLI
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ERCILEA
Equipasentos Industriais e de Laboratorio

bv, dos Boabeiros Volusbdrios, 118 2g0t
Alghs

LOTE B: PREPARACRD E TESTE DE AMDSTRAS NETALOGRAFICAS
[tew B3. Premsa de sontages de asostras a quente

B3/50.1 = BUEHLER / SIMPLIMET 3 11 5,937.8 bR fae,la3.4 | ,855,799.3
Ites B8, Duas wnidades de limpeza por ultra-song

B2/S0.1 = BUEHLER [ ULTRSMET ¥ + ULTAMET LI s 1,839.40 a.e 352, 481.0 55d,861.9
TOTAL: 114 11 7,576,080 Esc: B8 1,172, 7B4.08 ) 4Bé 461,21

H.T. Brandao Lda
Priga Pedro Manes, 74
4288 PIRTO

LOTE C: UMIDHDE OE CORTE POR ELEETHJ:IEHDfiﬂ
Ites C1. Unidade laboratorial de electroercsdo
CL/MTE.I - SERVDMAT / SHD: Us$: 19,298.@ Esc: ZiA BRE.R  5,B30,100.8 b, 708, 325.T

LOTE Fl: CRESCIMENTO BE CRISTAIS
EDUTPAMERTO CE PLHtIF[I:ﬂFﬂl] FOR I0WAS
Item F1.J. Pequenn sistesa laboratorial de crescimenta
de eristais ea tubo de quartze
F1.1/MTE. | = TERHY BAOMM / BCE 145 13 24,548.8 Esc: 238.888.8 & @D, RER.D  4,910,289.3

LOTE F3: FORMOS E EUH]P&EHTH COMPLEMENTRH PAER
0 TRATAMERTO TERMICD DE MATERIADS
Itea F3.1. Forno de alktas tesperaturas cos wicuo ou
. ateosfera conkrolada, para fins sultiples
F3.1/WTE.1 - CEWTORR / Ma@ [ci 3 acessbrios] 5§ 96,5018.8 Esc: | 40@,00@.8  1&,TAS,B90.B 2 ,04R,559.2

--------------------

TOTAL: U5%: 156,140.88 Esc:],850,000.88 26,676,268.08 11,937,19%.31

¥.6. Scientific Limited
ine Eirches Ind. Estate
Isberborne Lane

tast Brintead

Best Susser BHIS 108
England

LOTE €1 EQUIPANENTO € ANALISE DE SUPERFITIES
Item El. Usidade de andlise de superficies

EL/WE.2 = V& SCIENTIFIC/ESCALABZRR A+VBS2S5E Ls#s 547, 485.0 5§ T,B00.0 B2, 203, 095.8 185.849,405.8

TOTAL: USk: GAT,MEG.EQ US§:  7,H22.B8 BE.EP3.4V5.88 1R5,B4Y,885.81

R0J. 2

po—-678 : 0098




Crystalesz, Ltd

I Lisborowgh Road, Wantage
Oefordshire, OI12 TA)
ENBLAND

LOTE F1: CRESCEMENTO BE CRESTANS u
EQUIPAMENTD OE PURIFICACAD POR JOMAS
Tten F1.1. Unidade de crescimento de cristais
por fusio es BF usendo bécnicas eultiplas
FI.1FCRY.1 = CAYSTALOX / MCBS3 28:  515,405.8 Esc:  9E1.@.8  51,B82,095.8  &0,233,988.1

Ites Fl.2. Purificador por zema
FL.Z/CRY.1 - CRYSTALDE / und. cosplessabar MCSS3  USS: 38,8500 Esc:  95,608.0 6,272,950.2 7,508,051

LOTE F4: GERADORES DE INDUCRD DE RADIOFREQUENCTA
ites FL.Z. Beradores de uso geral (10/25 kW)
.F-‘-.EI'HI'I'.E = CHELTENHAN / 25 ki Uss:  £5,200.0 Esc:  435,800.8  19,81,B00.0  12,%41,334.9

LOTE FS: FORNOS E EQUEPAMENTO COMPLEMENTAR PARS
0 TRATAMENTO TERMICD BE WATERTAIS
Ikem Fi.2. Purificador de gds inerte

F3.2/CRY. 1 = CRYSTALOE / qas purifier =5: 2,788.8 Ezcr  25.@EA.0 454, J8R.0 544, EE0.2
TOTAL: Us¥: 422,355.%8 Escal I56,00Q.B@ BAB,&11,245.89 B2, 237, 43417
Anvalca

Condreio Representagies, Miguinas
¢ Conponentes, Lda

Trav. Beirolas, 4 TDto

88 Li5E0&

LOTE G: EQUIPANENTD CF TCIMAL
Item 51. Fregedora werkical de precisdo

'HMI.E = HOLKE / F18 it 18,872.80 Esc: El,280.8 |, =8%, 646,10 2,187 ,851.1
Item B2. Torne paralelo
B2/AN.1 = PINACHD / L 185¢758 U5tz T.630.0 Esc: 43, 008.8 1,236,578.8 I,585,714.2
Ites B3. Furaders de colesa
BIf&N.1 - EFI f FA3ZE1 Escr  [05,208.0 Esg: I5,008.2 128, 888.8 43,4712
TOTAL: U5 18,504.80 Esc: 139,000.0@ 3,086, 246.00  I.017.2%.55

Esc:  L9S,388.12

B e e e

DBSERVACDES:
(11 = preco CIF ou * 4 porta da fibrica * | conforse o no 3.7 do C.E,
|21 - ecarqos de instalacie, conforse o mp 5.2,1 do C.E.

D D i e e e e D e B

0 greco final aprocisado foi sbtido cossiderando wea taxa ddudneira de cerca de 258, o L.V.A& de 171
umd cotagdo para o delar de USE = 15%40@

Hih.

el

po-678 : 0099
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Pedide de propostas de fornecimento
A - FOTOGRAFIA:

Equipamento para processamentc e impressio de fotografia a
preto e branco, incluindo:

deis tanques de revelaglo, e espirails, para
um e trés filmes de 35mm, respectivamente
termémetro
armario para secagem de filmes
ampliador: para fotografia preto e branco, para
formato de filme de 35mm até B5mmx99mm
lupa auxiliar de focagem
caixilho de enguadramentc de prova
fotdmetro para impressio de fotografias
temporizador
tinas de revelaclo (6x),. garrafas de volume |
varidvel (Bx) e tina de lavagem de fotografias |
. duas lanternas de iluminacioc de seguranca
. . asmal tadeirs
. guilhotina para papel fotografice

Equipamento para macrofotografia e reproducHo de
diapositivas:

camfira fotografica SLR 35mm com fotdémetro e
operacic manual ¢ automdtica, com objectiva de
Sdmm, objectiva macro/zoom 35-T0mm, e dispositivo
para duplicaciic de diapositivos

¥alidade das propostas: 9@ dias
Empresas a consultar:

y- Lacor
. K. Anterc Quental 163 - 4088 Porto

J. Beltrio Coelho Lda
R. Oliveira Monteiro, 88 - Porto

J- Feto Sport
H. 54 da Bandeira 78 - Porto

f. Célio e Alberte Lda
R. do Almada 254, 4o Salas 43,44 - FPorto
Folyfoto
K. do Bonjardin, 128 - Porto

po-678 : 0100




B - COMPUTADORES:

tré&s computadores, da classe dos computadores pessocais
, para aplicagtes gerais de edigBo de texto e suporte
de gestio , incluindo para cada unidade

- processador BAZBE

- placa grafica EGA

= leitor de discos flexiveis ( de 3,5")

- disco rigideo 28 Mb

- memdria minima de 648 Eb

- porta paralela para impressora

= duas portaa série, RSEZ232

- rato

= taclado

dois monitores monocromdticos e um monitor a cores
duas impressoras de pontos com modo de impressic de
alta gualidade (> 138 colunas)

. uma impressora laser

. uma unidade externa de discos amoviveis, tipo
Barnoulli ou eguivalente, com capacidade para discos
de 18 ou 28 MB para ligar a um dos computadores

Opecdes: - programas de suporte para:
ediglo grafica e de texto
criagic & geatiio de bases de dados

Validade das propostas : 98 dias
FPrazo de garantia : 1 ano

Empresas a consultar:
4. Inforgal
R. Banta Catarina 1278 - porto
<. Pinhes - Comunicag®es e Sistemas Lda
R. Infante D. Henrique, 18% - Porto

{. Digicomp
R. Campo Alegre, 5@6 - 4188 Porto
w. HRobdtica
Av. Boavista, 1245 r/c - Porto
InterCorp

R. D. Esteffinia. 246 - Porto

po—-678 : 0101



L - TELEFAX:

compatibilidade:CCITT Grupo 3 (MH,MR)/ Grupo 2
dimensdes dos documentos : A4 e menor
resoluclo : G3
horizontal, minima: 8 pt/mm
vertical, minima: 7.7 linha=s/mm
avango automidtico dos documentos
velocidade do modem: 962@/7208/4800/2408 bit/s
com ajuste automiatico
registo da data de envioc e recepciio
repeticio automatica de chamada

Validade das propostas : 9@ dias
. Prazo de garantia : 1 ano

Empresas a consultar:
Inforgal
k. ©Santa Catarina 1278 - porto
Pinhos - Comunicactes e Siatemas Lda
R. Infante D. Henrique, 189 - Porta
Multimac
Av. da Boavista, 898 - Porte
Fapelaco Industrial
R. Costa Cabral, 28280 - Porto

po-678 : 0102
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EIM M UP Exmo Sr.

[EHHH.HIHIEE]EI‘H&N‘S“TEME Reitor da Universidade do Forto
DA
UNIVERSIDADE DO PORTD

Forto, 8%/11/528

jfﬁsauntﬂ: Concursos limitados para o fornecimento
de Equipamento de Informatica, Teletax
e Equipamentos de Fotograftia para o CEFMMUP

Depois de apreciadas as propostas apresentadas aos
concursos am epigrate - abertos na sequencia de CFI & de uma
proposta da C.l. da CEMMUF - somos do opinido gue fno guadra de
prioridades estabhelecida pars o CEMHLUFP e medida das
disponibil idade il ex wrlbhas il realizae & ajudicagaoc do
fornacimanto do seguints modo:

A— Equipamento de informdtica
Froposta de adjudicagho:
INTERCORF - proposta base de egpto
programnas apreséntados
Bim Qpdg ac
Prego (s IVa) = 2 254 B00+00

Justificagdo: & a proposts de mais baixo custo gue
satisfaz o C.E.

B- Teletas
Froposta de adjudicagio:
'. Fapelaco Industrial, LEd
Fanasonic — UF 148

Frego (&S IVa) = 200 BOOFBE

Justificagao: @& a proposta de mais baixo custo que
satisfaz o C.E.

C—- Equipamento de fotografia

Froposta de adjudicagio:
Lacor, Alting Fereira Lda

Frego (s/IVaE)) = S50 Y3450

Justiticacsdo: & a dnica proposta aceite para este
equipamento, = satisfaz o C.E.

Fnviada em

Com o8 meus cumprimentos E,'j_]l \Z J'_LL__
C.l. do CEMMUP Uil




H = Eguipesenio inforedbico
CONCURRENTES

coaputador
processador ! velocidade
interface grafico
wonitor sgnocroaskica
sonitor policroatiica
leator de dascos flecivEls
disco rigido (R-2@/t)
wendeia | = &4B Kb )
porta paralela
portas serie, REXIZ (2
tapressora de pontos
no agulhas
welocidade
forsato do pipel
rato (" wouse °)
ispressora laser

disco amovivel

prograsas de base
is.operakivo, utilitarios]
FRECD iS/1VE

DpC40 ~programas
. grafica
ed. texto
base dados

FRECO TOTLS/IWAI

b= TELEFRL

CONCLRRENTES

compatibelidede
{CCITT Brupo JAMH,HE) FGrupo 2|
dim. dos docwmentos ({=@d]
avango duloedbico dos documentos
welocidade do modea:
{Fola/ 720 4BRR/ 2488 bak/s)

IMTERCORF
[TC &azes.a2

T

EH

i

4"

157 (.44
P

Siik

1

]
Epson LOLRSE
24

270 T

incluido
Epson GOSEBA
o p'e
Bernoulli
¢l

H5 205 4.9

1 U37 BdRsEe

Hicrografz 2.0
Aai Professional
Dani Huartz

2 397 chEsee

Hultimac
Sharp FO-228
6243

-
aki 18 folkas
ok

INTERCORP
1TC Edzfs. 0
lopganl

2 B37 Beased

FaintBrush IV
M5 WORD 5.0
lbase 1V

1 154 Ddasee

Fapelaco
Panasonic UF-148
Biri

i=p4
até 5 folhas
ak

| HF DR GAL
Len PaSE

=2
EGA

imcluido
imcluido

Tad® - L 44N
Fl ]

N

i

F)

B8 Pre-11101
q

JE41 54

13 col
HF Laser jet 11
Bpln
Fassport

o
PL-00% 4.8

£ BB Blleee

Fage Maker 3.8
Windows
EEase IV
2535 Blevee

Infargal
Siesens HFXTAS
BZI3

=Ry
ate 38 Folhas
ok

IMFORSAL
UNE5YS

BRZEA

EGH
inclaide
ingcluida

T8 - 1,444
184

Sikdk

i

i

TEH Pro-11000
]

264154

134 col
HF Laserjet il
B pim
Fassgort

A
HS E05 4.8

1 862 JlRkae

Page Haker 3.0
Hindows

BEase IV

2511 Ziesen




cos ajuste antomitico
tespo de transmissio
tipd de papel usado
relatdrio de envio
nivels de ciazenta
programigas de envia

PFRECD (5¢ 1val
Prego esperial
L= Equipamento fokpgrdfico

LONCURRENTES

PRECD 5 TWb

win: 18%
tersagenstkive
incleido

&
incluido

31T Yedmn
247 258600

Lacor

satisfaz o C.E.

758 sl4gaR
iparciall

win: I7s
termcsensitive
incluido

l&
incluido

LY BpESER
Be deasad

min: 13s
termosensikive
ingluida

13
incluida

158 ASsae
158 3RS
45 14THRR

Beltrio Coelbo Lda

o egquipasinto proposto
B apEnas umd pequena parke
do pedida no C.E.

REBE]THE

po-678

0105

(30 diasl
i diasi
[ pph




CEMMUP

CEMTRO DE METALURGIA E CIERCIA DOS MATERIMS
DA ; 1
UNIVERSIDADE DO PORTO

Preambula
do Decreto-lei de institucicnalizacHo do CEMUP

0 desenvolvimento de novos materiais e tecnologias &,
actualmente , a par da electrédnica e da informadtica, um dos
principais pilares do desenvolvimentoe clientifice, técnoldgico
a scondmico da humanidade.

0 campo dos materiails disponiveis alarga-se todos os
dias, passando dos metals e ligas, aocs polimeros e polimeros
reforgados, acos wvidros e aos cerfimicos e aos compdsitos de
vArios materiais.

As suas propriedades, quer estruturais guer funcionais, a
resisténcia & temperatura, ambientes e condigdes cada vez mais

.. geveras e exigentes, abrem novas perspectivas e permitem
realizagdes antes nem sonhadas, em aplicagtes tHo diversas
comoe o8 electrodomésticos, a electrdnica, os biomateriais e
proteses, os texteis, e as industrias dos transportes, da
calulose & seus derivados, e da energia, para citar apenas
alguns exemplos.

E fundamental gue Fortugal acompanhe a evolucio mundial
no campo da Ciéncia e da Tecnologia dos Materiais, pois, caso
contraric, estrangulamentos nesta drea inviabilizariam a
nacessidria modernizagio do tecide industrial comprometendo o
desenvolvimento econdmico, cientifico e técnico do pals.

0 progresso verificado nas ultimas décadas na eclénecia e
tecnologia dos materiais, com o apuramento das propriedades
dos materiais tradicionais e o desenvelvimente de uma enorme
variedade de novos materiais e processos tecnoldgicos tornou
necessiria a utilizag¢hio de meios técnicos avancados para a sua
caracterizaglo, teste e preparaglc experimental.

Torna-se por isso necessarico criar estruturas gque reunam

. o8 melios técnicos e humanos necessdrios A caracterizacho dos
mais diversos materials, dos metals e ligas, aos polimeros

cerfimicos e compédsitos, e &4 preparaclo de novos materiais com
estrutura & composiglo rigorosamente controladas.

E neste contexto, que se insere a criaclo do Centro de
Materiais da Universidade do Porte [ CEMUP ], dotade de meios
para a caracterizagiico quimica, fisica e estrutural, incluindo

a andlise de superficies, e para a preparagloc de materiais
avancados.

O CEMUF tem por objective fundamental o apoioc a projectos
de investigacéio e de desenvolviments, e ac contrele de
materiais produzidos pela indistria, e coloca os seus meios &
disposicBo das equipas de investigaclo universitArias e dos
laboratérics e empresas piblicas e privadas, e também das
unidgdes produtivas & outras, como centro de prestacic de
servigos.

- Funcicnando num quadro de cooperacio entre a
Universidade, a Inddstria e os Laboratérios e Centros de
Investigaglio e outras entidades ligadas ac desenvolvimento
clentifico, tecnoldgico e industrial, conta com a participacha




na sua orgdnpica e funcionamento de pessoas representando estes
sectores de actividade.

Cabe-lhe também um papel relevante no apoie a formacho
continua e pds-graduacio de quadros técnicos e cientificos
qualificados, na Area das ciéncias e das tecnologias dos
materiais, quer para a inddstria e para os laboratérios e
centros de investigag¢io privados e pablicos, quer para as
universidades.

A presente instituciconalizaclo do CEMUP & o corolario de
um processo inicliado no final da década de T8 por um grupo de
Professores e investigadores da Universidade do Porto, e com o
apoio expresso de investigadores de outras universidades e de
importantes unidades industriais da regilio norte do Pails, e
tendente & eriacioc na Universidade do Porte de um centro
dispondo de meios avangados de caracterizagho e preparacio de
materiais, aberto & comunidade cientifica e técnica e as
EMpPresas.

Tendo contado desde loge com o apeoio da Universidade de
Porto, Fundagio Calouste Gulbenkian e da Junta HNacional de
Investigacio Cientifica e Tecneolédgica foi possivel ecriar em
19681, na Universidade do Porto, um Laboratédrioc de Microscopia
Electrénica de Varrimento e Microandlise por raios-X, picneire
no Pals.

Apesar da ausenola de enquadramento 1institucional este
laboratédrico tem wvindo a funcicnar como um verdadeiro embrifo
do CEMUF assegurando o apoio a projectos de investigachio da
Universidade, a realizacho de servigos a industria, o apoio a
cursos e acgtes de pds-graduacio, e a realizaclo de cursos de
formacio cientifica e técnica nesta Area.

A acglo dos investigadores empenhados nests projecto, & o
apolc da Universidade do Porto, permitiu qua o CEMUFP disponha
j& de um edificic préprio, recentemente concluide, e tenha
receblds o acordo do Banco Mundial Para o um importante
finenciamento no ambito do Frojecto de Educaghio Tecnolbgica,

que lhe permitird a agquisicio de equipamento avancado no
quadro dos seus objectivos.

Estéo pois reunidas as condigbes materiais para que com o
quadro legal ﬁgtab&lecido no presente diplema a Universidade
de Porte, a regildo norte, e a comunidade nacional disponha de

futuro na Aren

uma instituiclo capaz de ajudar a construir o
da ciépncia e tecnologia dos materiais.




CEMMUP

(ENTRO DE METALURGIA E CIENCIA DOS MATERIAIS
DA
URIVERSIDADE 0O PORTO

MINISTERIOS das PRESIDENCIA DO CONSELHO DE MINISTROS,
FINANGAS e do PLAND e da EDUCACAD

Decreto-Lei n® -

Assitn:

0 Governo decreta, nos termos da alinea o) do n®, 1, do art.——
da Constituicio, o seguinte:

CAPLTULD 1

Natureza e atribuigoes

» Artigo 1°. - |, E criado, na Universidade do Porto, o Centro de
Materiais da Universidade do Porto, adiante designado por
CEMUP, dotado de autonomia administrativa e financeira.

2. 0 CEMUP tem por fim a prestacio de SErigos,
nos dominios da ciéncia e tecnologia dos materiais, as
Faculdades, Departamentos, Centros de Thvestigngao e outros
organismos, quer da Universidade do Porto, quer de outras
universudades, ¢ ainda o empresas e outras entidades,
publicas ou privadas, nacionais ou estrangeiras.,

3. Enquanto organismo de prestagio de SErvigos, o
CEMUP nido podera conceber e desenvolver projectos  de
thvestigagdo proprios, salvo na estrita medida das suas
necessidades de actualizagio tecnologica.

oo mf iin
RUA DOS BRAGAS — 4099 PORTO CODEX =— TEL. 325539
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CEMMUP -2

| CENTRO DE METALUWGIA E CIENCIA DO5 MATERIAIS
DA

UNIVERSIDADE DO PORTO

N

Artigo 2° - 1. A prossecugao dos fins previstos no artigo
anterior  efectivar—-se—a, predominantemente, atraves das
sequintes areas:

a} apow tecnco-cientifico a trabalhos de inves-
tigacio;

b) promogoo e e divulgagao de conhecimentos e
techicas de base em ciéncia e tecnologia dos materiais;

c) apoio aos sectores de produgto.

» 2. Mo ambito da area a que respeita a alinea a) do
numero anteror, sao atribuigoes do CEMUP:

a) o preparagiao de materiais;

b) a observagdo, caracterizagio e analise de
materiais para qualquer fim, ja existentes ou a criar;

¢) a participagdo em projectos de investigagio,
desenvolvimento e demonstragiao (1Dé&D);

i) o apoio a trabalhos de pos—-graduagiio;

e} a colaboragdo na implementagio de projectos
de desenvolvimento industrial,

3. No desenvolvimento da area referida na alinea

& b}, do n® 1, cabera ao CEMUP:

a) promover cursos de formagao cientifica,
tecnica, reciclagem e aperfeigoamento;

b) prestar apoio ao ensino superior,nomeada-
mente em cursos de pos—graduagio em ciéncia e tecnologia dos
materiais ou areas afins;

C) promover, apoiar € patrocinar a realizacio de
cursos, coloquios ou reunides de caracter técnico-cientifico nos
dominios da ciéncia e tecnologia dos materiais ou areas afins;

d) estimular a difusdo dos conhecimentos tecni-
co-cientificos obtidos pela realizactio de trabalhos de qualquer
indole, publicando-os em revistas da especialidade;

cal iia

RUA DOS BRAGAS — 4099 PORTO CODEX — TEL. 325539
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CEMMUP -5 -

(ENTRD DE METALURGIA E CIERCIA DOS MATERIAIS
DA
UNIVERSIDADE DO PORTD

Y

e) participar em reunioes nacionais ou interna-
cLonais para o apresentacao de I:l::n1fEl'E11cm5,nntntlriwuqﬁes etc.
resultantes das investigogoes em que o CEMUP intervem.

4. Na area a que respeita a alinea ¢) do n® 1 ,cabera
no CEMUP:

a) colaborar em projectos de investigagio e desen -
volvimento tecnologico e contribuir para a resolugio de
problemas de ordem tecnica que Lhe sejam apresentados;

® b) dar apoio especifico ao controlo de qualidade
no sector dos materinis, incluindo a realizagao de ensaios
normalizados:

¢} promover ¢ colaborar na realizagno de estagios
tecnicos.

Artigo 3° - No ambito das suas actividades podera o CEMUP
celebrar conveénios, arcordos e protocolos com outras institui-
GOES nacionais ou estrangeiras.

Artigo 4° - Na prossecucio dos seus [ins de apoio a comu-
Py nudade o CEMUP podera firmar contratos com outras enti-
dades, individuais ou colectivas, publicas ou privadas,

Artigo 5° - 0 CEMUP tera a sua organizagio e modo de funcio-

namento estabelecido em Regulamento a aprovar pela Univer-
siclade do Porto.

CAPLTULD 11
Drgaos, Servigos e suas competéncias

Artigo 6° - Sao orgaos do CEMUP:
a.) 0 Conselho Directivo:
b} 0 Conselho Coordenador;
¢ ) 0 Conselho Administrativo.

A

RUA DOS BRAGAS — 4099 PORTO CODEX — TEL. 325539
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CEMMUP -4 -
CENTRO DE METALURSIA E CIENCIA DOS MATERIAIS
DA
UNIVERSIDADE DD POETO
.
Artigo 7° — 0 Conselho Directivo do CEMUP sera constituido de
acordo com o Regulamento.

Artigo 8 - Compete ao Conselho Directivo promover o execugio
dos planos de actividades e gerir os servigos do CEMUP de
acordo com o Regulamento e no estrito cumprimento da lei.

Artigo 9° - 0 Conselho Coordenador do CEMUP sera consti-
tuido por membros da Universidade do Porto e representantes
L] de entidades publicas e privadas, de acordo com o Regu-

[amento.

Artigo 10° = Compete ao Conselho Coordenador:

a) definir politicas orientadoras da actividade do
CEMUP tendo em atengio os seus fins e atribuigoes, apre-=
ciando e aprovando os planos de actividades anuais e
plurianuais;

b) apreciar e aprovar os relatorios e contas anuais
de exercicio:

¢) eleger e exonerar o Conselho Directive do CEMUP
P nos termos do Regulomento,

Artigo 11° - 0 Conselho Administrativo é constituirdo de acordo
cotn 0 Regulamento.

Artigo 12° - Compete ao Consellio Administrativo a gestao fi-

nanceira e patrimomial do CEMUP de acordo com a [ei e o
Regulamento,

Artigo 13° - 0 modo de constituicio, composicoo e atribuicoes
dos orgios do CEMUP constantes do art® §° sio estabelecidos

complementarmente no Regulamento do CEMUP referido no
art” 5°. -
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(ENTRO OF METALURGLA E CIECIA DOS MATERIAIS
DA
UNIVERSIDADE DO PORTO
Y
CAPLTULD 111

Gestdo financeira e patrimonial

Artigo 14° - Na gestdo financeira e patrimonial o CEMUP
aplicara as normas legais em vigor e o disposto neste diploma

e no Regulamento.

Artigo 15° - 1. Para a realizagio dos seus fins o CEMUP proce-
dera a aquisicio do equipamento necessario, de acordo com as
® disponibilidades financeiras.

2. 0 CEMUP podera aceitar bens de equipamento,
ou verbas destinadas @ sun aquisigio, que [he jorem
concedidos por entidades publicas ou privadas, nacionais ou
estrangeiras, e que se destinem a prossecugio dos objectivos
para que foi criado ou outros afins de interesse para a
comunidade.

Artigo 16° - 0 orgamento do CEMUP constituira uma subdi-
visGo organica do orgamento da Universidade do Porto no
Orcomento do Estado.

Artigo 17° - Constituem receitas do CEMUP:

a) as dotagoes que [he Jorem atribuidas no 0.E.:

b) as retribuigbes resultantes de servigos prestados:

¢) os rendimentos de bens que possuir, a qualquer
titulo;

d) 0s su[:-si,tiias,suhuem;.ﬁes1::m11pnrticipm,:§ma, doa-
¢oes ou legados concedidos por quaisquer entidades, publicas
ou privadas, nacionais ou estrangeiras;

e) o produto da venda de publicacies:

[) o produto da venda de material inservivel ou da
alienagao de bens patrimoniais;

g9) outras receitas de que venha o dispor, o qual-
quer titulo.
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CENTRD DE METALURGIA E CIENCIA DOS MATERIAIS
bA
UIVERSIDADE DO FORTO

Artigo 18° — As receitas previstas no artigo anterior serao arre-
cadadas pelo CEMUP e poderdao ser aplicadas no proprio ano ou
€t anos seguintes, atraves de orgamentos privativos, nos ter—
mos o Decreto-Lei n® 459/82, de 26 de Novembro.

CAPLTULD 1V
Pessoal

Artigo 19" - 0 CEMUP dispora do quadro de pessoal constante
do mapa anexo ao presente diploma, cujos [ugares seriio acres-
cidos ao mapa 1 do Decreto-Lei n° 148/88, de ........, na parte
respeitante a Universidade do Porto. Este quadro podera ser
revisto de dois em dois anos se o desenvolvimento do CEMUP o
justificar.

Artigo 20° - 0 CEMUP podera celebrar contratos com entidades
publicas ou privadas ou com pessoas singulares, nacionais ou
estrangeiras, poara a realizagio, supervisio ou acompanha-

& mento de estudos ou trabalhos de caracter eventual, necessa-
rios a prossecucao dos seus objectivos.

Artigo 21° - 1. Em caso de necessidade, devidamente justifi-
cada, podera ser contratado pessoal, além do quadro, para
qualquer das categorias previstas no mapa anexo,e com salva-
guarda da legislagao geral aplicavel.

2. Sem prejuizo do previsto no numero anterior,
podem. ser destacados para trabalhos especificos do CEMUP,
docentes universitarios, investigadores e técnicos, quer das
universidades, quer de outras entidades publicas ou privadas,
desde que especialistas reconhecidos em materias constantes
dos programas em execucio no CEMUP.

.
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CENTRD DE METALUWSIA E CIENCIA DOS MATERIMS
DA
UNIVERSIDADE DO PORTO

cnadnes
CAPLTULD
Disposicoes finais e transitorias

Artigo 22° - 0 Reitor da Unwersidade do Porto nomeara um
Conselho Directivo Provisorio que exercera fungoes por um

periodo maximo de dois anos.

Artigo 23° - Compete ao Conselho Directivo Provisorio realizar
L J todos os actos necessarios a organizagao ¢ inicio das activida-

des do CEMUP.

Artigo 24° - 0 Presidente ¢ os vestantes membros do Conselho
Directivo Provisorio exercerdo as respectivas fungoes em
regime de acumulagio e terdo direito a uma gratificacio.

Visto e aprovado em Conselho de Ministros em,
0 PRATIETRO MANISTRO
0 VICE-PRIMELRO MANISTRD

O TTINISTRO DE EST.ADOD
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(ENTROD DE METALURGIA E CIENCIA D05 MATERIAIS
DA
UNIVERSIDADE DO PORTO

MAPA A QUE SE REFERE 0 ARToe 18* DO DECRETO-LEL N2

PESSOAL TNVESTIGADOR
2 = Tnwestigador Principal ou Tnvestigador auxilius
PESSOAL TECN1CO SUPER1OR

2 = Técnico Superior Principal, de 1® Classe ou de 2% Classe

@
PESSOAL TECN1CO
I = Tecnico Principal, de 1% Classe ou de 2% Classe
PESSOAL TECN1CO-PROFISSIONAL
1 = Tecnico Auxiliar (Electrotecnia) Pria wipal, de 1% Classe ou
de 2% Classe
I = Tecnico Auxiliar (Quimicoteenia) Principal. de 1* Classe ou
de 2 Classe
® I = Teenico Auxiliar (Mecanotecnia) Principal, de 1" Classe ou

de 2% Classe
I = Teenico Auxiliar Principal, de 1% Classe ou de 2% Classe

PESSOAL ADMANISTIATLIVO

I = Primeirro ou Eﬂ][”u:[u I:}_[i,ciﬂ[
I = Escriturario Dactilografo
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Obtivemos hoje do INIC ( Dr. Vicente Martins e
informac8c que & no montante de 55 @989 contos o dﬂlﬂfﬁ?&"ﬁ% %
orgamental fixado pelo GEFP, para 1998, para o Centro jf
Metalurgia e Ciéncia dos Materiais da UP - Institifto
Materiais do Projecto de EducacHo Técnoldgica financia om
empréstime do BIRD. Correspondendo a uma reducho brutal do
montante solicitade - 246 @80 contos - motiva © nosso

. protesto e preoccupagio sobre os graves inconvenientes que

acarretard para o desenvelvimento deste projecto, tornando
impossivel a sua execuglo nos prazos acordados com o BIRD

E com a maior preocupagiio que encaramos esta informacio
quer pelo impacto que tal medida terd sobre o8 processos de
aquisiclo de equipamento &m Curso guer sobre o
desenvolvimento do projecto no decursc de 1990 e 1991, pelos
motivos gue passamos a expor:

1. Tendo em aten¢Bo o plano inicial de financiamneto da
instalagBo do CEMMUP, e na perpectiva que seriam facultadas
para este projecto as verbas totais previstas para cada
periodo de execucHo, iniciou-se a primeira fase de
equipamento do CEMMUP com a abertura de um CPI - Concursze
FPublico Internacional em Maioc p.p.- com a aprovaclo do BIRD &
conhecimente do GEP.

. Deste CPI resultarfio contratos num valor global previsto
de 246 309 milhares de escudos [ ineluinda impostos ) cuja
cobertura seria assegurada em 1989 ( 120 @88 C disponiveis) e
1268 3@8@ C a inscrever no OGE de 19886,

O CEMMUF prevé também o lancamento de um nove CPI em
1398 para aquisiclic de outre conjunto de equipamentos,
complementares dos anteriores, cujo pagamento 8Se realizaria
com wverbas disponibilizadas em 1993 [ para o gue se
solicitaram 119 @@28C) e em 1991.

2. 0Os montantes globais de finaciaments necessarics para
exaecuglo dos contratos resultantes destes CONCUrsSos
enquadram-se nas verbas globais previstas no plane de
financiamento CEMMUP, tendo em atengHo a necassidade de um
reforgo das verbas para equipamento em detrimente das

despesas com contratagiio de peritos e bolsas na primeira fase
de instalacglo.
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A dimensdoc de alguns dos equipamentos  previstos para o
CEMMUFP - cujo processo de selecglo e entrega envolve cerca de
um ang - implica gque os processos de pagamento envolverdo
normalmente mais de um ana econdmics & o repectivao
financiamento ter gue ser assegurade ac longo deste periodo.

3., Do que se referiu nos pontos anteriores resulta gue a
atribui¢ic ao projecte de instalagioc do CEMMUFP de uma verba
num montante da ordem dos 55 @08 C terd como consequéncias:

Aa. & impozsibilidade de aguisiciie de egulipamento previsto
e OPI em curss, auvtorizade peles BIRD, gorande as
eapectativas das empresas concorrentes gue para o
efeits envolveram somas considerdvels:

b, a impossibilidade de agquisigio de eguipamento em 1998
o que tornard menos funcional o gque estd em curse de
aguisigio & a compra de gqualguer equipamento pesadoe a
instalar ainda em 13851;

c. o atraso para Janeiro de 1991 de gualguer novo
Processo de agquisigiio de egquipamento, com a

gravidade que o BIRD poderd atribumir & nossa aparente
inoperfncia;a

d. a falta de rentabilizacHo do edificio do CEMMUF, que
se encontra concluldo e em fase de ocupagic , & cujos
laboratdrios vio permanecer alguns anos por egquipar,
donde resultard o envelhecimento de equipamentos nio
rentabilizdvelis por falta dos seus complementos. Como
consequéncia ¢ adiamento do projecto de rentabilizacio
do CEMMUF, j& em atrasc em relaglo ao plano de
implementaclo, acordade com o BIRD conforme o “"STAFF
AFFRAISAL REPORT 19B7" gue prevé nomeadamente que a
fase de equipamento do CEMMUP deveria estar concluida
em meados de 19091,

Tends presentes esta preccupacies, gue, estamos seguros,
sBo  também as do GEF enquanto coordenador da execuglio do
Projecto de Educagloc Tecnoldgica, solicitames & melhor
Atencdo de V. Exa revendoe os “plafonds” agora indicados =
inscrevends efectivamente no orgamente de INIC as verbas

solicitadas pelo CEMMUFP através da Reitoria da Universidade
do Forto.
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Informamos V. Exa de que enviaremos cdpia deste oficio
a0 Gabinete de S.Exa o Ministro da Educagic por nos parecer

gque a nio ser satisfeito o nosso pedido podera haver uma

reagio negativa por parte do BIRD de consequéncias
imprevisivelis

Com &85 meéelhores cumprimentos

0 Prezidente da C.I1. do CEMHMUFP

ﬁ,ﬁ%uﬂx

Prof. Hordcioc da Maia & Cosata

po-678 : 0120



3

RIPOELIC OF PORTRGAL - |

TICENOLOGT EBOCATION PROJICY =" |

TEPLENERTATION SCREDALE r
e e 5 Y e e i O . ---r--:r-r-—-a------ :-- e a---:r----- i :---r--—d--l w ---—--:d-a--- Pep—— r:r--r P a----:--- mm—e—- .-..: . EI
D Mieeal ! NIAT % PSS 0 W ma i Mmoo MR MW mis |
e B S S S S e e e s :
hirhrlililiilill*:lllllltll:l:lliilli’.l!II'.I!’IHIIII: 5

"7 LIPLID MESLANCE TNSTITOTS : ': : : :. ': A
"""""""""""""""""" E ; : | ': E E | i i
besipn and Coastraction i H i : i i i i i !
besiqs Derelopeent Docuasats  {HRONNND i : E : : i E i
bid Docament proparation L MmN ! 4 ; { ' ! ‘ :
Midilag and Inaluation T LT ' ' ' ' ! ] '
Constructlon ; SREER R R R RRE RN R RN RN R R RN | - : : !
Guarantes Perlod i i T L T T s : : !
Eynipeent and Farnitare JI i :u i I: .l :. II E 1:
asaes - — | | : : L : : : |
Equipwent Lists e ] i i A : i i i
Specifications and Cost Dntinates (0IERIINE | ' ' ! I ' ! : '
Bid Docanants HIETTEE . ! : s ! ] ! i |
Miding aad Ivaluation T T T AT L : : i i
Rasafactare and Dellvery ' G L ' ' ' i
Gaarantes Perlod ' L LT T T T H ! !
| : : : : : ' : : :
fockaleal aslotascs : ; : : : : : : '. :
------------------------------------ ] | : | | : : [ : :
Terss of Refarence I | L : *. i | : :
Leperts ' AT O TR P TR TR ] ! !
Fallenships ! T e o T T T L :
Ressarch Tralalag ! R T A L AU UL G UL :

e R W S S S




M U Dr, Luis Tavares
=5 m P Director Geral do

CENTRO DE METALURGIA E CIENCIA DOS MATERIAS Gabinete de Estudos & Planeamento
DA Ministério da Educagio

UNIVERSIDADE DO PORTOD

Porto, BS/9/77

Obtivemos hoje de INIC ({ Dr. Vicente Martins) a
informac8oc que & no montante de 55 @29 contes o “plafond
orcamental fixadoe pelo GEF, para 1998, para o Centro de
Metalurgia e Ci&ncia dos Materiais da UP - Institute de
Materiais do Projecto de EducacHo Técnolédgica financiade com
empréstimo do BIRD. Correspondendo a uma reducHo brutal do
montante solicitade - 2468 @23 contos - motiva © nosso

. protesto e preocupagho sobre os graves inconvenientes gue
acarretara para o desenvolvimento deste projecte, tornando
impossivel a sua execugfo nos prazos acordados com o BIRD

E com a maier preocupacHo gque encaramos esta informacio
quer pelo impacto gque tal medida terd sobre o3 processos de
aquisicio de eéquipamento e CUurso gquer sobre o
desenvolvimento do projecto no decurse de 1998 e 1991, pelos
motivos gque passamos a expor:

1. Tendo em atengio o planco inicial de financiamneto da
instalaglio do CEMMUP, e na perpectiva gque seriam facultadas
para este projecto as wverbas +totais previstas para cada
perioda de execucio, iniciou-se a primeira fase de
equipamento do CEMMUP com a abertura de um CPI - Concurso
Publico Internacional em Maio p.p.- com a aprovacio do BIRD e
conhecimento do GEP.

Deste CPI resultarfio contratos num valor global previsto
.' de 246 302 milhares de escudos { incluindo impastos ) ocuja
cobertura seria assegurada em 1989 ( 120 @0@@ C di=sponiveis) e
126 30@ C a inscrever no OGE de 19848,
O CEMMUP prevé também o lancamento de um nove CPI em
1998 para aguisiclo de outro conjunte de equipamentos,
complementares dos anteriores, cujo Ppagamento se realizaria
com verbas disponibilizadas em 1998 { para © que s=e
solicitaram 110 @82C) e em 1891.

2. ©Os montantes globais de finaciamento necesshriocs para
execucHo dos contratos resultantes destes CONCUrsos
enquadram-se nas verbas globais previstas no plano de
financiamento CEMMUF, +tendo em atenclo a necessidade de um
reforge das wverbas para equipamente em detrimente das
despesas com contratagio de peritos & bolsas na primeira fase
de instalaclo.
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A dimensio de alguns dos equipamentos previstos para o
CEMMUF - cujo processo de selecglico & entrega envolve cerca de
um ano - implica que os processos de pagamento envolverdo
normalmente mais de um ano  econdédmico e o repectivo
financiamento ter que ser assegurado ac longo deste periado.

3. Do gque se referiu nos pontos anteriores resulta que a
atribuiglo ao projecto de instalaglo do CEMMUP de uma verba
num montante da ordem dos 55 @08 C terd como consequéncias:

a. a impossibilidade de aquisic#o do equipamento previsto
no CPI em curso, autorizado pele BIRD, gorande as
espectativas das empresas concorrentes gque para o
efeito envolveram somas consideraveis;

b. a impossibilidade de aquisi¢Ho de eaquipamentoc em 1999
o que tornard menos funcional o que estd em curso de

aguisigiio & a compra de gualgquer equipamento pesado a
instalar ainda em 1991;

c. & atraso para Janeiro de 1991 de aqualquer novo
processo de  aquisigic de  equipamento, com a
gravidade que o BIRD poderd atribuir & nossa aparente
inoperfinciaa

d. a falta de rentabilizacdo do edifleiec do CEMMUP, gque
Se encontra concluldo ¢ em fase de occupaclo , e cujos
laboratérios vio permanecer alguns anos por equipar,
donde resultard o envelhecimento de equipamentos ndo
rentabilizdveis por falta dos seus complementos. Como
consequéncia ¢ adiamento do projecto de rentabilizacHo
do CEMMUP, Jj& em atraso em relacloc ao plans de
implementaclo, acordade com o BIRD conforme o "STAFF
APFRAISAL REPORT 1587" que prevé nomeadamente que a

fase de equipamento do CEMMUP deveria estar concluida
em meados de 19891,

Tendo presentes esta preccupacdes, que, astamos SRgUros,
sd0 também as do GEP enquantoe coordenador da execugio do
Projecto de Educacio Tecnoldgica, solicitamos a melhor
atenclo de V. Exa revendo os “plafonds” agora indicados e
inscrevendo efectivamente no orgamento de INIC as varbas

solicitadas pele CEMMUP através da Reitoria da Universidade
da Parto,




Informamos V. Exa de gque enviaremos o¢dbdpia deste oflecio
ao Gabinete de S.Exa o Ministro da Educagio por nos parecer
que a nio ser satisfeito o nosso pedido poderd haver uma
reacio negativa por parte do BIRD de conseguidncias
imprevisiveis,

Com o3 melhores cumprimentos

0 Presidente da C.1. do CEMMUP

Prof. Horacio da Maia e Costa
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CEMMUP

N5
CENTRO DE METALURGIA E CIERCIA DOS MATER Dr. Vicente Martins

DA INIC
UKIVERSIDADE DO PORTO Instituto Hacional de
Investigacdo Cientifica

Forto B8/3/7

Assunto: Inscric#ie de verbas no OGE
para o CEMMUP

Exmg Dr.Vicente Martins,

a sua comunicagio informando-nes de que o moentante
previsto para financiamente da instalag¥o do CEMHUFP para 1930
terd um “plafond " de 55 @0 contes, correspondendoe & uma
reduciio substancial do valor sclicitado para este projecto,
motivou © nosso protesto Jjunto do GEP e do Ministro da
Educaclo & uma chamada atengio para os graves inconvenientes

gue esta medida terd para o desenvolvimento do projecto do
CEMMUP.

Embora na espectativa gque os “"plafonds” estabelecidos
venham & ser alterados por forma a satisfazer as necessidades
de instalacho do CEMMUP, wvimos comunicar que a ndc ndo ser
possivel esta revisio pretendemos que as wverbas orcamentadas
para o CEMMUP se destinem exclusivamente & aguisigio .de
equipamento.

Com o8 melhores cumprimentos
0 Presidente da C.I. do CEMHUP

.i;ég?_ngéLa+ﬂq£

Frof. Horacio da Maia e Costa
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[
AS3UNTO! Concurso Internacional para Qﬁuipnnenta do CEMMUP
. a0 _abrigo do réatime do BIRD

FURTO
13000 s

Venho por este melo informar V. Exa. que por despacho de 13 de Margo
de 1989 aprovei o Caderno de Encargos, a lista de equipamento e a documenta- '

¢H30 para o concurso internacional relative ac equipamento do CEMMUF no Ambite
do emprésatimo do BIRD.

Mais informo que foi entregue no GEP - ao cuidade do grupo coordena-
dor das scgdes com o Banco Mundial - uma cépia de todo o processo, !

Com o8 melhores cumprimentos,

O Reitor,

Ghah fomr”

(Prof. Douter Alberto M. 5. C. Amaral)

AA/RM

O f'!“‘-ﬂ':-?f.."-{e‘ eolr’ e Swecan e Piwoall
E I'l-':. "I:..: il iEl.I'.' \*{:-.I
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CENTRO DE METALURGIA E CIEMCIA DOS MATERIAIS Exm2 Senhor
WA REITOR DA UMIVERS|IDADE DO PORTO
UNIVERSIDADE 0O PORTO ARua 0. Hanuel ||
4000 PORTO
LS -
NE - 146/88
- @ Porto,19686.11.08

ASSUNTD:Aquisigdio de Equipomento para o CEMNUP
Exm2 Senhor Reitor:
Dande cumprimento ao combinado com U.Ex¥ na reunific de 24 de
Outubro findo, junto enviamos a |ista do equipamento que ae
pretende vir a adquirir para o CENHUP.
Supomos gque este equipamento preencherd as necessidades sentidas a
nivel nacional no tocante a investigaglo e desenvolvimento de novos
materiaois e o coracterizagio dos materials tradicionois nas suas
miltiplas aplicagdes,

® 0 equipamento que nos propomos adquirir, particularmente o malis

sofisticado e de mais elevado prego, foi jé analisado pela Comissdo
Instaladora e outros potenciais utilizadores néic 26 em miltiplas
visitas aos seus fabricantes e laboratérios onde estd o funcionar
mas também em Portugal onde os fabricontes fizeram deslocar os seus

técnicos para fozer a sua apresentagdo e responder ds dividas que
entretonto surgissem.

s wverbas necessérias & aquisiglo tém cabimento nas dotagdes
orgamentais,

Estd por isso tudo preparado para que, uma vez aberto o concurso e
recebidas as propostos estas sejam onaolisodos utilizando se for
necessdrio os servigos de consultores internacionais conhecedores
do que, no dmbito de uma instituigdo como o CEMNUP, haverd que

T

RUA DOS BRAGAS - 40800 PORTDO CODEM = TEL, agss3Ia
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[if}
UKIVERSIDADE DO POSTOD

N

adguirir para a resoluclio tdo completa quanto possivel, dos

N &
problemas que |he venham G ser postos por invest igadores, docentes
ou industriais.

- . Certos de que U. Ex2. dard luz verds para a abertura do concurso

para aquisigdo deste equipamento no mais curto praozo, apresentomos
05 nossos melhores cumprimentos.

PRESIDEHTE DA COHISSAD INSTALADDRA DO CEHHUP

_ Mr._»;aé— ekl

-

H. da Hala & Costa
(Prof.Catedratice)

AUJa DOS BRAGAS - 4088 PORTDO CODEX - TEL, agmmag
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CEMMUP

CRNTRO DE METALURGIA E CIENCIA DOS MATERIAIS
DA
UKIVERSIDADE DO PORTO

UNIVERSIDADE DO FORTO
FROJECT OW SCIENMCE OF MATERIALS

CENTER OF METALURGY AND SCIENCE OF MATERIALS — CEMMUF

Identification and caracteristics of the equipment.
Timetable for the aguisition

A. Dptical and electron microscopy
B. Structural and chemical analysis
C. Preparation of materials

D. Managment and general support services

{estimated coats are expressed on l.e+? Fortuguese escudos)

Feriod: i9a8,/89

o E EEE LW me e s wm

fAl. Optical and electrom microscopy
1. Optical microscopy = HBea

a. Metallographic microscope 4 @@
. binocular
. bright field,dark field, polarized
light and diferential interferometry
facilities
. . 4 objectivas for magnifications from
100X to 10@@X / 159X

. photography system ( 35mm} and TV camera
aptical interface

b. Steroscopic microscope Heaa
c. Micro-hardness determiner 1 oBa

2. Bample preparation 10 DR

a. Cutting, mounting and polishing o SBa
of samples
» universal cutting machine
. hot chamber mounting press
. cold mounting equipment
. grinding and polishing egquipment
. electrolytic polishing unit
« ultrasonic cleaning wunit

b. Electromrosion cutting equipment 4 S0
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3. Fhotography 1 508
. black/white film processing and printing
. Bguipment for macrophotography and

slide reproduction

Bl. Structural and chemical analysis

1. Surface analysis equipment 129 000
Surface analysis equipment including 3

. EFE (¥-ray photoelectron spectroscopy)
. AES { fAuger spectroscopy ) S5AM SS5EH
with submicron analytical resolution

urnder ultra-high wacuum (UHY)

The main chamber includes :
. electron spectraometer

» electron gum (scanning )
= & ray source

a5 NeceEssary for these analvtical
technigues and also:

s Ha¥s2 peseprecision manipul ator
= fast entrance port
« ion gun for deep profile analysis

and support other facilities for sample
preparation wnder UHY conditions.

The equipment should include the usual
. units Ffor sample image ocbservation an
photography. It must bhave computer

control over the analvtical parameters,
and computer facilitios to support the
analysis and evaluation of results.

Cl. Freparation of materials

1. Multitechnique materials preparation
umit L9 Ao
» radiofregquency induction genetrator
growing cristals unit
zone refining unit
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2. Arec discharge melting unit 7 Qo

I. General purpose radiofreguency induction
genagrators 15 0B

4, General purpose furnaces for preparation
and heat treatment of materials 18 a0

5. Optical pirometer 1 a2a

D. Managment and support services

1. Workshop egquipment
Cutting, drilling and machinning 4 BB

2. Small computers and communications 4 QAG
equipment

Total: 24& T00

Feriod: 1990

e e e e BN R R

AZ2. Dptical and electron microscopy

1. Scanning transmission electron (FL} 20 Ao
microscope, with analytical
facilities
{ the full cost of this unit is
F1{199@) + F20(1991) = 120 QB8 )

BZ. Structural and chemical analysis

1. Laboratory for chemical analysis o8B aoa
a. X-ray fluorescence unit
(¥—ray energy dispersion — EDS}
b. Emission spectrometer
c. Conventional chemical analysis
laboratory devices

Z. ¥X-ray diffractometer and acessorioo <0 BBA

Tetal: 100 G249
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Period: 1991

e i i P e

A%, Optical and electron miCroscopy

1. Scanning tranamission electron (FP2) 7@ Q0@
microscope, with analytical
facilities
2. Image processing and guantitat:ve )
analysis system 25 DA
® 3. lon beam polishing unit 8 DoD
Total: 123 600
Feriod: 1992/94
2 Structural an chemical analysis
C.Z2 Materials preparation
Improvement of equipment facilities:
1992 - 8 080
1993 - B Q06O
1994 - 4 208
'. Total: 2@ 00
Feriod (2] B > D TOThL
1788 /8% 17 206 138 OBa 7B @9 B @0a 245 I00
17998 @ ana 70 D@ 18060 @Ay
1991 123 200 127 @aa
1992 === B 0@ -—=—- B AuQ
1993 -——— 8 B ——- B AaM
1994 -———— 4 200 ——- 4 000
48% 300
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UNIVERSIDADE DO PORTO

PROJECT OM SCIEMCE OF MATERIALS

CENTER OF METALURGY AND SCIENCE OF MATERIALS - CEMMUP

Short activity report

1. Study wvisit=s abroad, for evaluation of equipment, and
scientific and technical consultancy:

July 87 - Prof. Barbedo MagalhBies - wisit to university

. laboaratories in U.K. { Surrey, Imperial
College), for advice in the fields of surface
analysis, electron microscopy and
microanaly=zis.

Oct. 87 = Prof. Maia e Costa - wisit to IRSID ( Paris),
and equipment evaluation at Riber headguarters
{ surface analysis equipment and elactron
microscopy).

Oct. 87 - Eng. Carles Moreira de 83 - visit to several
universities and research laboratories in U.K.
{ Imperial College, Harwell-UKEA, NPL, Surrey,
Loughborough, IMIST) for scientific
consultancy, and evaluation of equipment at VG
acientific and Kratos headquarters ( surface
analysis equipment and electron microscopy and
. microanalysis).

Uet. BT - Prof. Bessa de BSousa - wisit to France, for
cunsultancy and scientifi contacts with
research centers in the field of Science of
Materials: Laboratoire de Phisigue du Solide,
Bordeaux; Dep. Metalurgie CENG, Grencble; Lab.

Bellevue, Meudon, Paris; INSA, Toulouse : Lab.

Louis Néel, Grenocble { eristal growing,

preparation of materials technigques).

1.
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Feb. 8B - Prof. Bessa de Sousa - visit to England, for

cunsultancy in tha area of materials
preparation and cristal growing : Center of
Science of Materials, Univ. Birmingham; Lab.

Clarendou, Oxford.

Technical visitors to Porto, including wvisits of
experts in Surface Science, Electron Microscopy and
Materials preparation techniques.

Dr. David Hukin, Cristalox /University of Oxford -
cristal growing techniques and evaluation of equipment.

Prof. Jean-Paul Langeron , Directeur de Recherches,
CHRS/ Vitry - surface analysis consultancy

Dr. C M Demanet , V& Scientific - surface analy=sis
Dr. Hans Goretzki, Perkin Elmer - surface analysis
David Hazelby , Kratos Analytical - surface analysis

Jean- Marc Siza , Riber - surface analysis

Introductory and Training Courses given at CEMMUP, in
the area of Scanning Electron HMicroscope and
Microanalysis.

- courses adressed to researchers and technicians from
univer=zity and research laboratoriez and from industry
and private laboratories

rMay 87 - participants : 12

July 87 - participants : 28

June 88 - participants : l4

Mov, 88 - participantas : 24

from: University of Porto

Oniversity of Aveiro
University of Minho
University of Coimbra
University of Tras-os Montes
IST, Lisbon
Faculty of Seciences, Lisbon
LNETI
Texas Inatruments
Petrogal
Instituto dos Texteis
Catim
Fab. de Condutores Cunha Barros
Portucel, EF
Minas e Metalurgia, 3SA
Estacio Agrondmica Nacional

Siderurgia Macional - Porto
FERESPE

po—-678 : 0135



=

- Support to the first Sunmmer Course on Surface Study
Technigues, Lisbon, September 1988

4. Current support and technical consultancy to research
groups and portuguese laboratories and private firms,

in the field of scanning electron microscopy and
microanalysis.

5. Technical dhcumantatinn and extended contats with
. firms, on relevent equipment for CEMMUP.

We wait a final deecision on availability of funds for:

= Equipment ‘( se up to date list)
a extended technical specification is ready for the

selection and aquision of the eguipment considerad
in the first phase;

- Training, scientific and technical program
(see initial proposal )

. Forto, 32 de Novembro de 1983
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" CEMTRO DE METALURGIA E CIEKCIA 05 MATERIAIS
DA
UKIVERSIDADE DO PORID .

Felatdrio da actividade desenvolwida no quadro do CEMMUP
para awvaliagao de técnicas ¢ selecgdoc de eguipamentos de
andlise de superficies.

No seguimento do pedido de financiamento apresentado pela
Universidade do Forto ao Banco Mundial para desenvolvimente do
projecto de instalagdo do CEMMUP, e no pressuposte de gus se
encontrardo disponivels a muito breve prazo os meios
necessarios para cumprir a primeira +fase, enval vendo

. nomeadamente, a agquisicad de equipamentos de anidlise de
superficie, foram tomadas diversas iniciativas tendo por fim:

- a avaliagio das técnicas e equipamentos mais adequados,
tendo em atengio as 4dreas de aplicagdo previsiveis;

-tecnologia das superficies: corrosio, oxidagdo,
passivagdo,; contaminagio, segregagio de superficie...

« tratamentos de superficie z tratamenteos térmicos,
tratamentos de endurecimento, operacées de polimento
e limpeza ....

srFevestimentos de superficie : revestimentos poar wia
fisica gquimica ou electroquimica, problemas de adesio
e interface...

-#¥ilmes finos : composigdo,; adesio, ....

«tecnologia dos materiais ! segregacdes intergranul ares,
caracterizagido de interface=s em composites, processos
de fragilizagédo , corrosdoc sob tensdo y controle de

ComposSigiD ...

.tribologia : desgaste, Caracterizagdo dae superficies
de fricgio, lubrificagioc ...

scatalism
— a elaboracgiao de um caderno de encargos para concures
de aguisigio de equipamentoj;

— a definigdo de wum plana de avaliacgéo fimal de
egquipamentos.

- a avﬁliacqiu das condigies de exploragdo do equipamento:
pertil dos técnicos Fesponsaveis, manutenglo,...
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l. Fara uma primeira avaliagio dos equipamentos de andlise de
superficie disponiveis, utilizando as técnicas:

= XPS { X-ray photoslectron spectroscaopy)

= fAuger { Auger electron spectroscopy)

= SIMS { secondary iom mass spectroscopy)}

foram contactadas o8 principais fabricantes deste tipo de
equipamentos presentes no mercado europeu - VY6 Scientific,
Riber, Kratos, Leybold-Heraeus, Perkin-Elmer, CAMECA e JEOL -
a gquem foram solicitadas informagées técnicas de base,
orgamentos de referéncia e listas de wutilizaderes.

2. 0O apoio recebido do British Council permitiu a deslocacdo
do Eng. Carles F. Moreira de S4 ao Reine Unido, de S5 a 1& de
Outubro ,para a realizagio de um programa de visitas a
diversos departamentos e laboratédrios particularmente bem
equipados para analise de superficies e © contacto com
especialistas e investigadores nesta area, e anvolveu os
laboratdrios :

Surface Analysis Technology Ple (SAT) / Dr. Sukanta Biswas
Department of Materials
Imperial College

Materials Caracterisation Service / Dr. John Riviére
UKEA - Harwell Laboratory

Mvision of Materials Applications 7 Dr. M P Seah
Matianal Physical Laboratory

Department of Materials Science and Engineering
Frof J. Castle :
University of Surrey

Loughborough Consultants Limited 7 Dr. D E Sykes
Loughborough University of Technol ogy

Surface Analvsis Research Centre / Dr Robin H. West
Dept. of Chemistry
UMIST

Corrosion and Frotection Centre / Dr. Lyan
UMIST

Departement of Metallurgy and Materials Science
Dr. G W Lorimer
UMIET

2 ainda as instalagies fabris =] a8 laboratdrios de
demonstragido das empresas: VG Scientifie, Kratos Analvtical ,
VEW Scientific Instruments.
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0 contacto com especialistas com larga esperiéncia neste
dominio permitiu o esclarecimento dos aspectos essenciais do
funcionamento dos equipamentos utilizados em anédlise de
superficies, a discussido das diferentes opgtes a-considerar na
fua selecgao e na instalagio do respectivo laboratdrio,
nomeadamente :

ala caracterizagio e avaliagdo das técnicas de analise de
superficie de maior interesse, tendo em conta o leque
de utilizadores, as dreas de aplicagio e o enquadramento
do laboratério e considerando,

«08 principios envolvidos nas diferentes técnicas, as
condigomes da sua utilizagdo corrente e limitagbies de
aplicagio;

-0 esclarecimento e avaliagdo das diferentes opgies
de configuragdo do eguipamento e das caracteristicas
relevantes dos componentes fundamentaisj

-a definigido dos parametros base de avaliacgio de
equipamento nos diversos modos de funcionamentos

+48 necessidades de equipamentos de apoiog

e de que resultou a identificagio da configuragio base
mals adequada para do equipaments :

uma unidade combinando as técnicas XPS, Auger /SAM;
.fonte de raios X de 4anodo duplo Al /Mg j
.com passibilidade de SAXPS (XPS em drea reduzidalg
«resolucio submicromeétrica em Auger /3AM;
»dispondo de  um canhao de ides de Ar, com
possibilidade de varrimento:
suma camara de preparagidoc de amostras com dispositive
de gntrada rapida de amostras, analisador de
gases residuais e tendo possivelmente um dispositive
de +fractura e um canhBo de ides para limpeza
de superticies:
-um sistema informatico, de centrole, multitarefa e
dasejavelmente multiposto.

2 0 establecimento das especificagies base do caderno de
encargos (esbogo):

b} a organizacio do laboratdrio de analise de superficies:
-& definigde do perfil mais adequado para o coerador:
-4 identificacdo das condigdes mais eficientes de
utilizagdo - relagio com os utentes ;
scondigoes de manutengao do equipamentog

€) a apreciacdo da viabilidade da deslocacio de espRcialistas
para realizacido de cursos, e a recepgao de técnicos para
formagaoc;
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0 contacto com os fabricantes de equipamentos de analise de
superficie com sede no U.K., para além da visita as instalagies
fabris & laboratérios de demonstragio, com esclarecimento de
aspectos gerais do respectivo equipamenteo, permitiu o
pstablecimente de um programa de contactes com a C.I. do CEMMUF
e com investigadores interessados ra aplicagao destas
técnicas.

Z. Acgoes @&m CUurso.

Em resultado dos diversos contactos establecidos com
fabricantes de equipamento de analise de superficie, o

nomeadamente na sequéncia da visita gue o Frof. Maia e LCosta
efectuoy aocs laboratérios da Riber em Franga, esta prevista a
deslocachio ao Forto, o decurso de m@m@s de MNovembro, de

gspecialistas da Perkin-Elmer, Kratos, Riber e VG Scientific.
Esta deslocagdo permitira a realizaglo de reunides com a C.I.
da CEMMUF e de conferéncias sobre as potencialidades e
aplicagdes destas técnicas e de avaliagdo dos equipamentos
disponiveis.

Com estas reunides completa-se em Novembro uma Ffase
preliminar de avaliagio de tecnicas e equipamentos e ficam
criadas condigies para definigdo das opgies a realizar, o
establecimenta definitivo do caderno de encCargos e o
planeamento do processo de escolha do egquipamento.

Parto, 29 de Outubro de 1987
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CENTRO OF METALURGIA E CIENCIA DOS MATERIAIS
DA
UKIVERSIDADE DO PORIO

FROGRAMA

A parte tedrica do curso, com uma duragdo de 4xl,Sh,
desenvolvera o programas

1. Introducis A4 microscopia electronica.
Fundamentos da microscopia electrdnica de varrimento.

1.1. Interaccio electries-matéria, formagao de contrastes.
Detectores e modos de cbservagao.

1.2. Aplicagdes da microscopia electrénica de warrimento.

2. Microanalise por raiocs XK.

2.1, Fundamentos da emissdo de raios X.

2.2. Detecghio # espectrometria de raios X

Espectrédmetros de dispersdo de energias (EDS) e de

comprimentos de onda (WDS).

2.3, Microanalise gualitatiwva, gemiguantitativa e
guantitativa. Frocedimentos de correcgao.

5. Froblemas gerais de preparagédoc de amostras.
no decurso da parte pratica, com uma duragao total de &ah,
complementar—-ae=3%0 as sessdes tedricas e serdo realizadas

aplicagoes concretas das diveraas técnicas, tomando por base,
sEmpre gue possivel ., material dos participantes.

Flano do curso

Dia Tempos

214711 Tedr.{(2x1.5h} + Frat [G1] (Z2h) + Prat.[GZ] (Zh}
22711 Teor. (2x1.5h + Prat [(GL1) (2uZh}

23411 Prac.[B2] (222h) + Prit.C[GE] (2u2h)

2411 Frat.[G4] (Zh) + Prat.[GE] (Zh)+ Prat.L[GE] (2h!
29411 Frat.[G4] (Zh) + Frat.[G5] (Zu2Zh)

A sessdes priticas serdoc realizadas em grupos (Gl G2 G3
E4 35) de 4 participantes.




"CEMMUP

(EMTRD DE METALURGIA E CIENCIA DOS MATERIAIS
DA
UNIVERSIDADE DO FORTD

CURS0 DE INTRODUgAC A MICROSCOPIA ELECTRONICA DE VARRIMENTO
E MICROANALISE POR RAIOS X

de 11 a 14 de Maic de 19¥7

Lista de participantes

anténio Manuel de Sousa Correia . .
fss. do Dept. de Engenharia Ceramica e do Vidro - U. Avelro

‘ﬂna Maria Bastos da Costa Segadaes
Frof. do Dept. de Engenharia Ceramica e do Vidro - U. Aveiro

Rui Ramos Farreira da Silwva

Ass. Estg. Dept. Engenharia Mecanica - FCT - U. Coimbra
Maria Beatriz Baptista Calhau Ferreira

Tec. Exp. Principal - LHETI

tMarta Maria Duarte Ramos

Ass. do Departamento de Fisica = U. Minho
Maria Daniela Rodrigues da Crus

Tec. Superior Prinecipal - CCTH - U. HMinho
Manuel Carlos Barbosa da Costa Lessa

Eng. Tecnico Quimica - Texas Instruments
Jorge Antero Vasconcelos Garrido

Tecnico de Falhas - Texas Instruments

.ﬂurﬂra Magalhaes Futuro da Silva
fhss., Estg. Dept. Engenharia de Minas - FEUP- U. Parto

Alexandre Julio Machado Leite

Ass, Estg. Dept. Engenharia de Minas - FEUP - U. Paorto
Maria Isabel dos Santeos Resa Caetano

Geologa da Area das Clencias da Terra - U. Hinho

Jose Augusto Caldeira Pereira
Lic. Bioguimieca - Centro de Citologia Experimental - U. Port.
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CEMMUP

PENTRO D METALURGLA E CIEMCIA DOS MATERIAIS
DA

UNIVERSIDADE DO PORTD

CURSO DE INTRODUgAO A MICROSCOPIA ELECTRONICA DE VARRIMENTO
E MICROANALISE POR RAIOQS X

de Z9 de Junho a 3 de Julho de 1987
Lista de participantes

FRosa Maria Mendes Miranda
fAss. do Dept. de Engenharia de Mecanica - IST
Joad Antédnio Eiriz Soares
.. Técnico Aux. Principal, Dept. de Metalurgia - 18T
Isabel Maria Fernandes Cordeiro dos Santos
Investigador, Dept. de Buimica = LNETI
Maria Jodo Fedroso Carmesim
Eng. Metalurgica, Dept. de Fisica - LMETI

NMuno Rombert Pinhdo
Investigador, Dept. de Fisica = LNETI
Antanio Luis de Almeida Saraiwva
Gedlogo,M.e Lab. de Mineralogia e Geologia-U.Coimbra
Estrela FPaula das Neves Figueiredo
Bols. IMIC, Instituto Bot#nico - U. Coimbra
José Domingos Santos Dias
Téc. Sup. Principal, Instituto Botanico- U. Ceimbra

Fedro Manuel da Quintanilha Mantas
. Ass., Dpt. Eng. Ceramica e do Vidro - U. Aveiro
Jodo Antdnioc Labrincha Baptista
Ass. Estg., Dpt. Eng. Ceramica e do Vidro-U.Aveirso
Maria da Conceigic Braga dos Anjos Fereira da Costa
Eng.Técnica, Dpt. Eng. Ceramica e do Vidro-U.dAveirso
Licinio Dias Azenha Jorge
Ass., U. de Tras—-os =-Montes e Alto Douro

Fernando Jorge Morais Dias

Ass., Escola Buperior de Medicina Dentaria
José Antdnio Macedo Carvalho Capelas

Ass., Escola Superior de Medicina Dentaria
Diamantino Manuel Insua Pereira

Ass., Area das Cieéncias da Terra — U. Minho
José Joagquim Lopes Morais .

Ass. Estg., U. de Tras-os-Montes e Alto Douro
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Faulo Alexandre Lourenco Morais Urbano

Eng. Metaldrgice = Petrogal
Maria Lidia Veloso Brandio FPereira

Técnica Acessor - Instituto dos Téxteis
Maria Isabel da Silva Coimbra Luz

Eng. Metaldrgica — Fab. de Cond. Cunha Barros
Faulo Jorge Fernandes Gomes

Eng. Mec@#nico - Catim

po—-678 : 0144




CEMMUP

(ENTRD DE METALURGIA £ CIENCIA DOS MATERIAIS
M
UNIVERSIDADE DO PORTO

LURSD DE MICROSCOFIA ELECTRONICA DE VARRIMENTO
E MICRDANALISE POR RAIODS X

der 12 a 17 de Junho de 1988

Antanio Luis de Almeida Saraiva
Frof. Auxiliar-Lab. Mineralédgico e Geol.- U.Coimbra
Dulcineia Maria Raimundo dos Santos Fereira
Assistente de Investigagioc- LMNETI Lisboa
José Antonie Albuguergque Fava Abreu
. Meédico = Centro de Frneumatologia - U. de Coimbra

Fernanda Matos Goncal ves Guimaries

Assistente - Area de Fisica - U. do Minho
José# Manuel Ramos Gomes

Eng. Mec@nico = U. de Minho
Maria José Gongalves Alves de Matos

Eng. Quimica - DTM/SME =LNETI Lieboa

Fui Jorge de Lemos Neto

Assistente - DMEC - FEUP
Josa Manuel Ferreira Duarte

Ass. Estagidrio - DMEC - FEUP
Antonio Alberto Huet Bacelar Gongal wves

Lonservador Frincipal - Inst. Antropoleogia - FOUP
Maria do Céu Tavares Rebimnbas
. Mecnico Superiar = [nsk. Antropelogia - FCUP

Dirce Milheireo Caldas Guimar dec

Frof. Aseociade - Dep. Fisica - U. Aveiro
Anne=kristin Arava

Eng. Guimica - CEQS CDED = FELUF
Faula Maria Lousada Silveirinha Vilarinho

Ass. Esntagidria - DECY - L. Aveiro
Victor Miguel Carneiro Sousa Ferreira

Ass. Estagidrio - DECY - U. aveiro
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(EHTRO DE METALURGIA E CIEWCIA DOS MATERIAIS
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UNIVERSIDADE DO FORTO
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CURE0 DE INTRODUCAOD A MICROSCOPIA ELECTRONICA DE VARRIMENTO
E MICROANALISE POR RAIOS X

de 21 a 25 de Hovembro de 1988
Lista de participantes

Maria Jodc Cabral de Oliveira Basto - Investigadora
Laboratdrio de Mineralogia e Petrologia - 1 § T

Filipa Costa Silva - Assistente Estagiaria
Departamento de Materiais - [ § T

Isabel Haria Silveire Ribeirc da Costa - Estag.Investigacio
Centro de Cristalografia e Mineralogia - I.1.C.T.

HManuel Rosa Munes - Assistente de Investigacas
Centro de Quimica- Fisica e Radioquimica - FC Lisboa

Joldo Maria Mota de Oliveira - Técnice de Laboratdrio
DFSR - LMHETI

Fernando Henrique Sceirec de Sousa - Técnico Principal
SCPM/DIM - LMETI

Paulo J. Matos Fernandes M. Ferreira - Eng. Metalurgico
FERESFE

Maria Lurdes Costa da Silva Guimaries Rocha- Enga Agronoma
Estacio Agrondmica Macieonal

Emanuel Alberto de Oliveira e Silva - Eng. Metalurgico
Minas e HMetalurgia SA

José Araujo Guedes - Chefe de Hetalurgia
Siderurgia Nacienal

Carlos Alberte Goncalves - Médieo
Institute de Histologia e Embriclegia - U. Coimbra

Faula Cristina Pereira da Silva - Enga Quimieca
Centro de Engenharia Quimica - FEUP

Maria Graeinda Ferreira da Silva - Assistente
Departaments de Engenharia Cerfimica e Yidro - U. Aveiro




Eugénia Ribeiro de Sousa Fidalge Leitdoc - Enga Metalurgica

Bolseira do LHETI

Hario Eduardo de Sousa Carvalhe - Assistente
Instituto Superior de Engenharia

Fernande Rocha - Professor
Departamento de Engenharia Quimica - FEUP

Ronualdo Salcedo - Professor
Departamento de Engenharia Quimiea - FEUF

Manuel Mota - Professor
Departamento de Engenharia Quimieca - FEUP

José Teixeira - Professor )
Departamentoc de Engenharia Quimica - FEUP

Maria Noémia Martins Sampaio - Eng. Quimica
Centro de Engenharia Quimica - DEQ@ - FEUP

Helena Maria Vieira Moutinho - Ass, Estagiario
Departamento de Engenharia Quimica - FEUF

Elisa Pais da Rocha Goncalves - Investigador Aux.
Centro de Engenharia Quimica - DEQ- FEUP

Carlos Antdnio Regéncio Macedo- Prof. Auxiliar
Museu e Laboratdrio Min, e Gecl. FCT - U.Coimbra

José Liecinio Rodrigues - Analista
Portucel, EP




A ORGANIZACAO DESTE CURSO E APOIADA POR :

ENTIDADES PATROCINADORAS :

Fundagio Luso-Americana para o Desenvolvimento
Institute Nacional de Investigagio Cientifica

Junta Nacional de Investigagdo Cientifica e Tecnolégica
Embaixada de Franga

Embaixada da Repiblica Federal da Alemanha

The British Council

ORGANISMOS :

Centro de Metalurgia da Universidade do Porto (INIC)

Centrg de Metalurgia e C. dos Materiais da Univ. do Porto
(CEMMUP)

Centro de Quimica-Fisica Molecular da UTL (INIC)

Centro de Fisica Molecular das Univ, de Lisboa (INIC)

Grupo dc Maicriais ¢ Eng* de Superf. FCT-Univ. Coimbra

I FIRMAS :

Dias de Sousa, Dala.
Sociedade Zickermann

CURSO DE CURTA DURACAO

TECHICAS DE ESTUDD DIE SUPERFICIES

SpH@

SOCIEDADE POATUGUESA DE MATERIAIS

LTI ]

Lishon - 19 a 23 de Sctembro 1988

Complexo 1 (INIC)
IST - Av. Rovisco Pais
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SOCIEDADE PORTUGUESA DE MATERIAL

CURSO "T&CNICAS DE ESTUDOD DE SUPERFiCIES™

LISTA DE PARTICIPARTES

MARIA AMsLIA CUTILEIRD {NDIAS
ALBERTO EDUARDO CABRAL FERED
VERA SA DA COSTA

EUGENIA RIBEIRD FIDALGO LEITRO
ISABEL MARIA MELEGAS GAGO

RUI RAMOS FERREIRA E SILVA
MANUEL ALVEE DA SILVA

MARIA JOAO PEDROSO CARMEZIM
ISABEL MARGARIDA MIRANDA SALVADO
RUI FILIPE DOS REIS MARMONT LOBO
ANA MARIA DE OLIVEIREA E ROCHA SENOE
MARIA DANIELA RODRIGUES CRUZ

VICTOR MANUEL CARNEIRO DE S0OUSA FERREIRA

LUtS AUGUSTO SOUSA NARQUES DA ROCHA
JOS& MANUEL RAMOS GOMES
MARIA JOXO FERREIRA SOTTO-MAYOR

MARIA PAULA MARQUES DA COSTA RODRIGUES

PAULA MARIA LOUSADA SILVEIRINHA VILARINHO UNIV. AVEIRO

RUI JORGE CORDEIRO DA SILVA

JOSE& ANTANIO SENRA TEIXEIRA

MARIA GREACINDA FERREIRA DA SILVA
RUI ALBERTO GONCALVES DA SILVA
MARIDO ZAMITH SILVA

EMANUEL ALBERTO DE OLIVEIRA E SILVA
VERSHICA SOUSA UVA CARVALHAL

ANA MARIA PARADINHA MACEDD DOS SANTOS
MARIA AUGUSTA MARTINS

ARTUR MATOS ANDRE

CARLOS PARENTE RODRIGUES

ANT&NIO JOAQUIM PEREIRA

UNIV. £VORA
IST

UNIV. N. LISEDA

LHETI

UNIV. T. LISBOA

UNIV. AVEIRD

UNIV. COIMBRA

INST. C. E.NUCLEAR
UNIV. AVEIRD C. VIDRO
UNIV. N. LISBOA

UNIV. AVEIRD

UNIV. WINHO

UNIV. AVEIRO C. VIDRO
UNIV. MINHO

UNIV. MINHO

FAC. C. PORTO ELECT.
LNEC

UNIV. N. LISBOA
TEXTIL MANUEL G.
UNIV. AVELRD

FEUP

UNIV, WINHO

MINAS E METALURGIA
EDF

EDFP

EDP

EDP

EDE

EDP




ANTSONIO PINTO BARBEDD DE MAGALHZES FEUFP

RUI JORGE DE LENOS NETO FEUP
JOXD MANUEL PEREIRA SANTOS FAUSTINO LEETI
TERESA MARIA SIMSES MARCELO LNETI
HARIA TEEESA FERRAZ LNETI
MARIA HELENA SIMPL{CIO LNETI
MARIA ANTONIA TRAVASEODS DOMIRGUES LNETI
CRISTINA MARIA OLIVEIRA LNETI/CPN
MARIA ELISABETE ALMEIDA LNETI
HELENA RIBEIRO MATIAS MENDONGA C. Q. F. RADIOQ. FCL
HELENA MARIA SEIXAS CARAPUGA C. Q. F. RADIOQ. FCL

. MARIA HELENA DAVID LHETI |
ROGERIO BRANCO ESCOLA MED. DENTARIA |
MARIA MANUELA VIEIRA UNIV. N. LISBOA |
ELVIRA FORTUNATO UNIV., H. LISEOA
ORLANDO TEODORO UNIV. N. LISBOA
MANUEL MANEIRA UNIV. N. LISBEOA
HARIA HELENA CABRAL UNIV. N. LISBOA
TERESA VIEIRA FAC. €. T. U. COIMBRA
JOAQUIM VIEIRA DEP. C. V. U. AVEIRO
RUI VILAR IST
FERNANDO JORGE MONTEIRO FEUP
CARLOS MOREIRA DE Sa CEMMUP

® ANA MARIA BOTELHO REGO IST

CONFERENCISTAS

Dr. A. M. C. MNOUTINHO INIC
Dr. J. CASTLE UHIV. SURREY
Dr. H. FROITZHEIN UNIV. HANNOVER
Dr. D. SYKES UNIV. LOUGHBOROUGH
Dr. J. WATTS UNIV. SURREY
Dr. M. G. BARTHES-LABROUSSE CHRE/VITRY
Dra FERNANDA SILVA LNETEL 7
Dr. E. GAUTHIER G. P. SOLIDES/PARIE
Prof. LOPES DA SILVA UNIV. T. LISEOA




CEMMUP -

NIRD DE METALURGIA E CIEMCIA DOS MATERIAIS
DA
UNIVERSIDADE DO FORTO

UNIVERSIDADE DO FORTO
FROJECT OM SCIEMCE OF MATERIALS

CENTER OF METALURGY AND SCIENWCE OF MATERIALS - CEMHUF

Identification and caracteristico of the equipment.
Timetable for the aguisition

Areas:

Cptical and electron microscoapy
structural and chemical amaliwsis
Freparation of materials

- Managment and general support servicen

DO@mP

(estimated costs are expressed on 1.e+3 Fortuguese escudos)

Al. Optical and electron microscopy

l:. Dptical microscopy 5 200
a. Metallographic microscope 3 @B
+ Dinocul ar
. » oright field,dark field, polarized
Light angd diferential interferamezry
fracilities

i1fi
4 pbjectivas for magnificationg “rom
@Y to 106X 5 1=S@ax

JNoLogranny system ( ZS5mmrd and TY camera
zptical intertaca

B. F?-".E.‘":I"EE:,’]J:‘ Ml Croscopes BEH
o Micro-haraneess determiner I @A
£Z. Sample preparation 10 QB
a, Cutting, meunting and nalishing S S5He
of Samples
o univergal cutting esachl e

- Mot Shanber maunting presg
cold mouvnting equipment
- :.“'-ilnl'_""'ll-! and F]-l'l:l l,'5.|!'|]r|-'='| Ll Dmen
» 2lectrolvtic polishing umi=
s ultraznniec cle Airg unit -

B. Elsctrorraosion cutting TOWI pmeEnt d SED

0151
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-
s Photography 1 506
» black/white film processing and printing
- equipment for macrophotography and
glide reproduction
Bl. Structural and chemical analysis
1. Surface analysis equipment 170 000
Surface analysis equipment including :
'. . KFE (X-ray photoelectron spectroscopy)
« ARES [ fAuger spectroscopy )} SSAM SSEM
With submicron analvtical resolution
under ultra=high wvacuum (UHY)
The main chamber includes :
» @lectron spectrometer |
. electron gqum (scanning ) |
« A ray source
as necessary for these analytical
technigues and aleso:
r H3¥WeZ e...precision manipulator
« fast sntrance port
« 10n gun for deep profile armalvsis
. and suppart other facilities for sample
pregaratian  unde= UHY condiftions.
The equipmant =hould include the usual
unit=s for samples image observation an
photographyw. it must Nave computar
contral ove the analvtical parameters,
ANG Compuier +acilitiss to suppor: the
analysis and evaluakion of rosulks,
cl. ."'_-'r.;p_'.r-'t,-.‘.-- 2= matkarrral s
1. Multitechnique materialg preparalion
mni Loz S8 308
« raaliofreguency induction genstrator
- AQrawing cristals ung ke
« 2N refiaimng wunit




ws Arc discharge melting wnit

2. BGeneral purpose radiofrequency induction
generators

4. General purpose furnaces for preparation
and heat freatment af makerials

S. Optical pirometer

. Managment and support services

1. Workshop ®guipment
Lutting, drilling and machinning

2. Small compubters and communications
equipment

Total:
Feriod: 1950
Az. Optical and eslectren microscopy
. 1. SC:‘F‘IH]H-_} 'i:;"'.?_r'|l.!|—.||_-:-|._-.1|:|.:-| slectren -'F:'}_'I

microscope, with analvtical

facilities

i the full cest of thiz unit is
FL{199@) + FIO1991) = 120 009 )

EZ. Structural and chemical analyvsis

l. Laboratory for chemicai anal SEi g
2. A=r3y fluorescones unit

(i-ray anergy disperzsi=n - EDS)

0. Emission spectromeror
. LDonventional chemical amalwsia

labaratory devices

<o A-ray diffractometor and acoezories

Tosal =

0153

7 0o|
15 Ba3
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1 @90
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Feriod: 1991

AZ. DOptical and electron microscopy

l. Scanning transmission electron (F2) 70 o0e
microscope, with analytical
facilities
2. Image processing and quantitative
. analysis system 25 B39
> lon beam polishing unit e OB
Total: 122 Q0@
Feriod: 1992/94
BE.2 Structural an chemical analvesis
C.2 Materials preparation
Improvement of equipment facilities:
1992 - 2 P0G
® 19%3 - © 0OQ
1994 - 4 @ep
Tatal: =0 206
Fariod A B c D TOTAL
1988 5% 17 08 130 08 o nln] 3 €20 <4z 500
19580 Al 33 7O ana 180 2060
146 q 123 280 127 800
L9 i 1 A0E - = 209
199Z == B OBAR ————- = 2890
=L e I AFEQ s 1 60N
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RECTORY OF THE UNIVERSITY OF PORTO

TRAINING PROGRAM UNDER THE PROJECT ON SCIENCE OF MATERIALS ( CEMHUP )

.,

STRUCTURE AND QBJECTIVES

The envisaged program constitutes an essential pre-requisite for the adequate
development of the Project on Science of Materials recently submitted by the
Rectory of the University of Porto to the approval of the World Bank (March
86; creation of a Center of Services in the area of Science of Materials,
open to the Faculties, Research Centers and Industry; ﬁu be called CEMMUR).
The training program has the following objectives:

1. To prepare the technical staff to ensure an efficient use (and
maintenance) of all the equipment to be installed in CEMMUP.

¢. To provide integrated training courses for the technicians and
researchers of University Centers in the area of Science of
Materials, so as to make thisz community fully aware of the
techniques, equipment and facilities provided by CEMMUP.

3. To provide intensive training courses for the industry, promoting
the use of the available services and technological potentialities
of the different techniques existent in CEMMUP. Some of the
Courses may be triggered to stimulate new technological and inova-
tion activities in the area of Science of Materials.

STARTING CONDITIONS

The Training Program here proposed spans a whale period of six years and can
be initiated already in 1987, provided the following pre-requisites are
satisfied:

- The legal institutionalization of CEMMUP, with the approval of
its statutes and of the necessary technical staff,
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- Adequate finantial support to obtain the proposed equipment, so
as to attain the objectives laid down fo CEMMUP, as an effectiye
_(and integrated) Center of Services in the area of Materials
science.

- Effective building work of CEMMUP under Way.

1. PREPARATION OF TECHNICAL STAFF FOR CEMMUP

a) Following the institutionalization of CEMMUP, adequate candidates will
be sellected to operate the different units of equipment at CEMMUP,
This technical staff will ensure the daily running of the equipment,

. its proper maintenance and full assistance to the CEMMUP users,
Specially prepared technicians will be necessary to assist the following
equipment:

i - Scanning.electron microscope (SEM) and microanalysis
unit,

11 = Chemical Analysis Laboratory.
11 - Scamning-Transmission Electron microscope (STEM).
v - Surface Analysis Equipment (Secondary ionic emissionand other techniques
V= X-rays Diffractometers.
. vi- Crystal growing and preparation of materials.

a.1) Due to the existing local experience, equipment i,ii, does not
require an extensive training program. Instead, refreshment courses
combined with study visits to specific centers with different uses
of the selected techniques appear to be sufficient.

a.2) For the equipment under ii4, to vi, we propose full training courses
abroad, in highly specialized centers in the area of Science of
Materials, .

b) Besides the staff to run the equipment, scientific coordinators Will be
appointed for the different services at CEMMUP. These appointments will
be on a non-permanent basis, so as to ensure adequate refreshment and
2 high degree of up-to-date expertise,

0156
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b.1) In order to provide an adequate overview of the general problems |
facing a Center of Services in the area of Science of Materials,
study visits are being considered for such coordinators, to foreing
centers of excellence in the area of Materials Science. A similar
experience might be very valuable for the persons responsible for
the initial implementation of CEMMUP, particularly in the stages of
acquisition of equipment and when setting up the initial working
conditions of CEMMUP.

2. TRAINING COURSES FOR UNIVERSITY PERSONEL (Technical and Research staff)

. . These courses are open to all the portuguese Universities and Research
Centers. The basic aim is to make the University community fully aware
of the techniques, equipment and facilities provided by CEMMUP, whigh
can stimulate and assist the development of their own scientific
and technological activity in the area of Science of Materials. Some
of the courses will have a comprehensive structure, so as to provide

representative summaries on the techniques and basic information in
selected areas of technological interest,

- A provisional list of possible courses is presented in section A.
For concreteness, details are given on the two first courses which could
be implemented (start in 1987). Subsequent courses would depend on the
. rate of the equipment acquisition and the progress made on the building
work of CEMMUP.

. Each course will be given by a team of doctorate members and experts
from portuguese universities and research centers,suplemented by foreing
experts in appropriate selected areas. In this way one aimes at securing,
right from the begining, direct personel and institutional contacts with
the portuguese universities (and centers), and with leading centers and
researchers abroad,

0157
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3, COURSES FOR THE INDUSTRY

- These courses will be intensive and of short duration, each one foccused
on a specific set of techniques or topics in the area of Materials Science.
The basic aim will be the efficient transfer of experience and know-how
from CEMMUP to the Industry. Training courses can hEhnrganizEd around each
of the techniques and equipment existent in CEMMUP, stressing their
potentialities and importance to solve technuiugicaf problems faced by
the Industry.

Envisaged attendance: industry technicians, persons outside the university
Wwishing to learn (and use) a specific technique existent at CEMMUP, freshly
graduated students (university or technical schools).

. - Other courses, of a more informative character, could be triggered to
stimulate thE.intruductiun of new ideas and strategic activities in the
Industry of Materials. Attendance could be granted to industrial managers
and qualified personal with responsabilities in industrial planning, product
development and/or industrial innovation.

0158
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CENTRO DE METALURGIA E CIENCIA DOS MATERIALS DA UNIVERSIDADE DO PORTO

_ﬁ = TRAINNING COURSES FOR UNIVERSITY PERSONEL (Technical and Research Staff)

- Begining in 1987, lasting for & years.
- Maximum Number of participants: 10 (ten)

- Each course will last approximately 6 months.

1st Course: Study, characterization and preparation of materials - 6 months -
- 1987,

- Chemical Analysis
.‘ - Optical metallography and sample preparation
- 3canning Electron Microscopy
- Microanalysis
- Fundamental techniques in X-ray.

The course will illustrate the handling of the equipment and will
have a number of relevant lectures.

2nd Course: Physical Properties of materials (including new materials) - 6
mﬂl’lths - 15384-

Mechanical properties

¥

Electrical properties (p, e, dp/dT,..)

Magnetic properties (X,M, coercivity, etec.)

Thermedynamic properties (Heat capacity; thermal expansion, D.T.A...)

The temperature dependence of most of the physical properties of
the materials. Cryogenics.

= Amorphous materials.

The Tectures will deal with Lhe physical properties of the naterials
and its technological importance and novelty. Great emphasis will be given to
th% learning of all the relevant techniques using the equipment of the Centro de
Fisica do Porto and Faculty of Engineering,
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3rd Course:

4th Course:

6/10

sample preparation and crystallogenesis of the materials
Arc-melting

Induction and levitation for the production of materials of high '
purity

ZLone refining
High-temperature technology
Heat treatements

Crystal logenesis

Preparation of amorphous materials

surface physics

Films

. Coating
. Corrosion

Difusion
Protection

. Wearing

Sth Course:

6th Course:

STEM

Science of materials: 1 year

. Use of all the equipment

Tth Course:

Non-destrutive tests on the materials
X-rays

Ultra-sounds

Magnetoscopy

Eddy currents

Lagers
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B - TECHNICAL TRAINING OF UNIVERSITY STAFF ON TECHNICS EXISTING IN THE CEMMUP

Besides the long courses mentioned above, we would like also, start technical
training courses mainly for staff belonging te different portuguese universi-
ties and research centers. For this, small courses and short term training
Wwill be perfomed by the CEMMUP in the following matters:

X-rays diffractometry (single crystal and powders):
High purity alloys and single crystals preparation;

scanning-transmission electron microscopy;

Electron probe microanalysis:
A-rays fluorescence analysis:
Surface analysis,

oh N B L S —
i ]

The first small training course for university staff we intend to organize
is that on X-rays diffractometry:

A-rays diffractometry (single crystal) training course

Theory:

- Elementary notions on cristalography.
= The nature of X rays, and its diffraction by the crystals,

- Phases determination: - analytical methods for direct determination of
phases; Patterson method.

. = Structural determinations: structural parameters,

Practical training:

Crystals mounting,

- Optical alignment.

Utilisation of the diffractometer,
self indexation,

]

Determination of pontual simmetry group
Data acquisition ’

Structure determination. Aplications of direct and Patterson methods
(where possible)

po-678 : 0161
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This training course will last for about 4-6 weeks.

Taking in account the already existing facilities (the generator is already
being installed) and lecturers of the University of 0'Porto with large experience
in X-rays diffractometry (of simple crystals), it will be possible to provide
such a course on this technique quite soon.

If the four cicles diffractometer is not installed in time it will be possible

to use, only for the diffraction intensities acquisition, the excelent facili-
ties of the University of Coimbra.

po—-678 : 0162
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CENTRO DE METALURGIA E CIENCIA DOS MATERIAIS DA UNIVERSIDADE DO PORTO {CEMMUP )

C - SHORT COURSES FOR THE INDUSTRY (2-4 weeks; 10-15 participants per course)

MATERIALS SCIENCE AND BASIC TECHNIQUES

ist course

End course

]
3 e course

4th course

Eth course

Eth course

?th course

Eth Course

ch course
1ﬂthcnurse
11thcuUrse

1fthcourie

13thcuurse

Chemical analysis techniques in materials technology (X rays
fluorescence, atomic absorption, etc...)

Optical metallography and sample preparation,

Scanning electron microscopy (SEM) and microanalysis, its uses
in the materials field

Effects of temperature in material's properties. High and low

temperature technigues

Surface treatments and materials deposition
Yacuum technology

scanning-transmission electron microscopy {§TEHJ; its importance
in materials technology

Electrical and magnetical properties of materials. New technologies
in the electrical machinery

X rays techniques in material's science

Basic techniques in materials preparation and cristal growth
Optical properties of materials, technological application
Polymers and composites

Ceramics and glasses.




® : : 10710

D - FINANCING
- 7 long courses for university personnel

/% 1.500 = 10.500 contos

- b short courses and technical training
for university staff 3,300 contos

- courses and training abroad, to prepare
or to refrech CEMMUP staff and ﬁcientific
coordinators 6 years x 3.000 contos /year = 18.000 contos
TOTAL (CEMMUP) = 31.800 contos

NOTE: The short courses for the industry will be payed by the industry
itself, by means of tuition fees,

po—-678 : 0164
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Faculdade de Cifncias:

Exmo. Senhor

Dr. Hui Leonardo

Gabinete de Estudos e Planeamento
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GALP, L.°*

4. Carles Leourslre

L: Pdduwa Ramoas |

arguitasins I!

ESTIMATIVA - ORCAMENTAL

DEPARTAMENTOS DE FISICA E QUIMICA

e T T e e T B R ey (B . -

Predasia

(TP |

: 0166

FISTCA
FPiso -2 a78,50 55.000% 48. 317 . 500500
Piaa =1 2.260,00 — 65. 0003 146.900. 000500
Piso 0 2.260,00 65.000% 146. 900. DOO$00
Pise +1 1.741,00 65, 000% 113.165. 000800
Fiso +2 1.855,00 65. 0003 120.575. 000500
Piso +3 l.Eﬁﬁ.ED 65.000% 120.575. 00000
696. 432, 500800
QUIMICA
Pimo -2 462, 50 55.000% 25.437. 500800
Piso -1 1.816,00 65. 000% 118, 040. 000500
Piso 0 1.816,00 - 65.000% - 118.040. 000500
Fiso +1 1.961,00 ——— —= 65,0008 127 . 465, 000200
Piso +2 2.096,00 65. 000 136.240.000$00
Piso +3  2.096,00— 65.000% 136, 240, 000$00
661 .462. 500800
CORFO DE LIGACKD
FPigo -2 610,00
Piso -1 622,00
Piso 0O B22,00
1.854,00 m2 65.000% 120.510. 000800
CAVE - Reserwva
(Piso-2)
Fimiecn 1.490,00
Quimica 1.428,00
2.918,00 m2 35.0008% - 102.130. 000800
o — e - N
Nov®/ag




" GALP, L.%

J:. Carlas Loauralra

L. Pddua Namaos

asrguidaaias

ESTIMATIVA — ORGAMENTAL

DEPARTAMENTOS DE FISICA E QUIMICA

GALERIA TECHICA

Fiasica 590,00
Corpo ligacBo —— 45,00
fuimica 409,00

C.Téenlon —————— 67,5

1.121,50 m2 —— 35. GDOF00

ot bk

FOLMAe 2

39.602. 500300

35 0O0E00

11.200. 000800

CENTRAL TECHICA 320,00 m2

A obra de estruturas em vias de adjudicagiio representa

462, 500. 000300 deste valor global.

Tha i AMeraplan

0167

1.631.337.500%00
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Assunto : PREPARACAC DE CANDIDATURA(S) FEDER/839
PROJECTOS DE INVESTIMENTO COM COBERTURA EM PIDDAC

Ha sequincia da conversa havida com V.Exa.sobre o intorosse a possibilidade
da apresentagio a co-financiamento FEDER pelo GEP do ME de projectos de investimento
ne sector da Educagas, em curse de execugdo o cuja conclus@io ndo vcorra ne 19. trimestre
de 1989, sclicito a V.Exa. a proparagde de um dossier s/o projecto de investimento em

aprego, donde devem constar os seguintes elementos @

- FROGRAMA PRELIMINAR E/OU PROGRAMA BASE +ESTUDD PREVIO

¢ ANLE-FHUJECTY + PRUJECTU DE EXECUGAD (PROJ TECNICO DE ENGENHARLA)

. PLANTA DE LOCALIZACEO DO INVESTIMENTO, devendo ser claramente
circunscrita ¢ delimicadas & area candidata a FEDER

- LISTAGENS DE EQUIPAMENTO E MOBILISRIO

+ORGAMENTO DO PROJECTO

. COPIA DA PUBLICAUAD EM DIARIO DA REPUBLICA E JORMAL OFICIAL DAS
COMUNIDADES DOS CONCURSOS DE OBRAS E EQUIPAMENTOS.

-DESCRICAC DETALIADA DO INVESTIMENTO( dnudﬁﬁlara. max., 3/4 pags. e

inequivocamente objectiva do investimente que se candidata a FEDER).

HOTA :
SORRE:: CONTRIBUICAD PAMA O DESENVOLVIMENTO DA REGLED

+ INCIDENCIA DIRECTA DO INVESTIMENTO SOBRE O EMPRECO
« IMPACTO DA REALIZACAO DO PNVESTIMEMTO 8/MEIO AMBIENTE
«EFEITOS ESPERADOS DO PROJECTO DE INVESTIMENTO.
-LIGAGAO DO INVESTIMENTO PROPOSTO COM OUTROS PROJECTOS A NIVEL NACIONAL
E/OU INTERNACTIOMAL.

+ PARTICIPACAD DE OUTROS FINANCIAMENTOS (COMUNITARIOS E/0OU EMPRESTIMOS
EXTERKOS) .

Ammmsganl fa & noembams dmde =
AapIEVRI LT & apmnrPomrdsd; > hara

P e mmss Ml § oo o=
Pordid: e Po R TEVLESeE BoLa 3

inteira disposigao de V.Fxa. na preparagav do dessier e permito-me lesbrar qué a apresen-
tagae do mesmo deverd ser feita com a major brevidade possivel,
Com o melhores cumprimentos

A EFURDIRECTORA=-GERAL

MIS/ ( Mafalda Lebnidas )
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Telex: 43650 MATROM P

P - 8
AfC. Exmno. Sr.

Frof. Alberto Am I
ro erto aral ERd o —o b

Reitor da _
& . Universidade do Porto
Deé-ze conhecimento aos Apartado 211
Professores Jofico Bessa M. e Scusa 4003 FORTO

e Barbedo de Magalhfies. . |

O Vice=Reitor,
Sua referEncia i@h f.r,F-ﬂ ‘E?-* Modaa rrferdngia A. Flalks da Abnelds, +3508+— B000 LESBOA - Portogal
ga/af2z2

ASSUNTO: necimento 1 i
» CENTRO DE METALURGIA E MATERIAIS

Exmos. Senhores,

Vimos por este melo solicitar o favor de sermos considerados

[ —e—_ =S e = e e e e R
hnﬂixifpnﬂultaﬂ para eventuals fornecimentos de equipamento ao CENTRD DE METALURGIA
E MATERIAIS. o

Fornecedores de hid multos anos de equipamento clentifico para,
entre outros, essa Universidade, gevemos em principio, estar em condicdes de
" e L =l - m—

propor equipamento adequado aos trabalhos desse Centro.

Agradecendo desde ja a atengao dispensada, e apresentando

08 nossos melhores cumprimentos, subscrevemo-nos,

Atenciosamente
HAGHNETROM, SA

(e Dar koo lms

Eng. Vieira Santos
Director Comercial

Vs /MH

Cagital Social § D00 200600 - Midriculads na Consmnaminia ds Registo Comensisl

Euvrado + P/ Assesron e, &m“m“ﬂé".“ a/gg  FlialboiE
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PAlA GENeRAL CURFPORAIIUN
SOF THAKE  AND/AOR MIUCRUCUDE SUBSCRIPIIUN SERVICE

oAk SOF IWAKHE /MICRUCUDE SUBSCHIFTION SERVICE HKENEwAL NOIICE &k

117857817 CC: POKTUGAL
W aa c 1

INIVERSIDADE UVE PURID

7P

IU
(o A
dudy POHTO &,
PURTUGAL i %EE
BTTN: ;1~l

o susscriver:

YUUH SUFTwWAHE ANDSOE MILUHUCUDE 5UH5LH1F!1UH I[85 DUE 10 EXPLHE S0OU0N, IHE 3SUFITWARE
AnusUKE MICRUCULE YOU AHE SUBSLHIBED TU LIS LISIED HELOW, ALONG wWITH YOUR ACCUUNT
NUMBEHR AND t!FIHA!lUN DATE wWHLICH L5 THE LASI DAY OF THE MUNIH INDICATED.

U ®ENEW YOUR 535 ANDAOK M55 FLth;t SUBMI! & FUHEHA?E OHDER T THE DATA GENERAL
CORFUORATIUN SALES OFFLCE L YUUH AREA AT LEAST 50 DAYS PRLIOR 10 EXPIRATION TO
INSUKE UNINTLHHUP!EU SERVICE .

WE THANK YOU FOK YOUR INTERES! IN THE 555 AND/OK M55 ANUD LOUK FURWARD TO YOUR
CUNTINUED SUBSCHRIPTION, ' )

EESEsEasEE e o e e S o - T pp———

ALLOUNT NOIX/MS4aBU0l REWNEWAL DATE:zvl/88 P.0.: Due///lb

MBSz

l.‘ MUDEL DPESCRIFITIUN QY
1 311585=4B MV/£000UC MICHOLODE SUBSCHIFTION SERVICE 1
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Relatério da actividade desenvolvida no gquadro do CEMMUP
para avaliagido de técnicas @ selecgio de equipamentos de
anil ise de superficies.

No seguimento do pedido de financiamento apresentado pela
Universidade do Forto ao Banco Mundial para desenvolvimento do
projecto de instalagioc do CEMMUP, & no pressupostoc de que se

. encontrardoc disponiveis & muito breve prazo os meios
necessarios para Ccumprir a primeira fase, envol vando
nomeadamente, a aguisicat de equipamentos de andlise de
superficie, foram tomadas diversas iniciativas tendes por fimi

- a avaliagéo das técnicas e eguipamentos mais adeguados,
tendo em atengio as Areas de aplicagio previsiveisj

-tecnologia das superficies: corrosio, oxidagdo,
passivagdo, contaminagio, segregacdo de superficie...

s tratamentos de superficie tratamentos térmicos,
tratamentos de endurecimento, operagtes de polimento
e limpeza ....

-revestimentos de superficie @ revestimentos por via

tisica quimica ou electroquimica, problemas de adesdo
@ intertace. ..

Filmes Finos i composigio,; adesdD, ..ss
-tecnologia dos materiais : segregagies intergranul ares,

caracterizagio de interfaces em compositos, processos

de fragilizagio , corrosido scb tensdo , controle de
composigio ...

-tribologia ¢ desgaste, caracterizagdo das superficies
dat fricgio, lubrificaglo ...

scatidlise

- a welaboracgéo de um caderno de encargos para concurso
de aquisiglo de equipamentoj

- a definigéo de um plano de avaliacgio final de
equipamentos.




= & avaliacgio das condigées de exploragio do equipamento:
perfil dos técnicos responsdveis, manutencio,...

1. Para uma primeira avaliaglio dos equipamentos de anilise de
superficie disponiveis, utilizando as técnicas:

- XPS { X-ray photoelectron spectroscopy)

= Auger { Auger electron spectroscopy)

= SIMS ( secondary iom mass spectroscopy )

foram contactadas os principais fabricantes deste tipo de
equipamentos presentes no mercado #uropeu - Y8 Scientific,
Riber, Kratos, Leybold-Her asus, Perkin-Elmer, CAMECA = JEOL -
a guem foaram solicitadas informagtes técnicas de base,
orgamentos de referéncia e listas de utilizadores.

Da apreciagio da documentaclo recolhida verificou-se que
4penas oS cinco primeiros fabricantes dispoem de equipamentos
KFS @ Auger e que apenas os quatro primeiros produzem
equipamentos possibilitando a instalagio simulténea de mais de
uma técnica de andlise de superficie.

2. A disponibilidade manifestada pelo British Council para
apoiar uma deslocagdo ao Reino Unido, no ambito dos interesses
do CEMMUP, permitiu a realizacéio de um programa de wvisitas a
diversos departamentos e laboratdrios particularmente bem
®#quipados para analise de superficies e o contacto com
®#specialistas e investigadores com larga experi@ncia nesta

drea, alguns dos quais pioneiros na aplicagdo destas
tdcnicas.

2.1 Objmctivos

A deslocaglo ao Reino Unido, realizada de 5 a 14 de
Outubro de 1987, teve por objetivos:

= @& avaliagio das diferentes técnicas e equipamentos de
analise de superficies:

-1 COmpreensdo dos principios envalvidos nas
diferentes técnicas de analise da superficie, das
condigies da sua wutilizagio corrente e das limitagéies
decorrentes das caracteristicas das amostras utilizadas i

0 esclarecimento @ avaliagio das diferentes opgtes
de configuragioc do #quipamento ® das caracteristicas




relevantes dos componentes fundamentais;

a4 definigido dos parametros base de avaliagdo do
equipamento nos diversos modos de funcionamentoj

<@ avaliagdo das necessidades de egquipamentos de
apoioj

= a avaliagdo da organizagio do laboratédric de analise de
superficies:

-a& definigdo do perfil mais adequado para o operador

. & identificagio das condigtes mais sficientes de

utilizagio destes equipamentos e avaliagdo dos seus
resultados - relagioc com os utentes H

. avaliagio das condigbes de manutengio do
equipamento;

— a realizagio de contactos exploratérics scbre a viabilidade
da deslocagad de especialistas para realizagdo de cursos, o
4 recepgdo de técnicos para formagiog

= o0 contacto com os fabricantes de equipamentos de analise de
superficie com sede no U.E.1:

-4 wvisita dos laboratdrics de demonstragiog
-0 establecimento de um programa de contactos, com o

investigadores interessados na aplicagio destas técnicasa
e com a C.1. do CEMMUP;

2.2 Laboratédrios e especialistas contactados.

Esta deslocagio permitiu a visita de virios laboratdrios
®# o0 contacto com especialistas em diferentes técnicas e Areas

de aplicagio da andlise de superficies, que passo a identificar
e caracterizar sucintamente:

a. Dr. Sukanta Biswas
Dr. David A. Geeson

Surface Analysis Technolegy Plc (BAT)
Department of Materials
Imperial College

A SAT & uma enpresa de consultoria e prestacio de




BErvigos no dominico da caracterizagdo de superficies e
interfaces, inteiramente dependente das receitas préprias, e
cuja instalagio no Imperial College depende de um protocolo
envol vendo facilidades de  utilizaglo doa equipamentos
instalados.

Dispoe de uma unidade mista XPE/Auger-Kratoz XEAM 800, de
um equipamento de SIMS - CAMECA 4F e de um outro SIMB estdtico
da Ferkin-Elmer, ja antiquado . Estdo em wvias de adguirir o
novo modelo de SIMS - ATOMIKA= da Perkin — Elmer. Dispoem
também de um microscopio de ultra-sons .

Em virtude de a sua actividade envolver fundamentalmente
trabalhos para a industria, tém experiencia de aplicagio destas
técnicas na caracterizagio dos mais variados materiais.

b. Dr. John Rividére
Dr. H E Bishop

Materials Caracterisation Service
LUKEA = Harwell Laboratory

0 laboratdéric de Harwell, em resultado de rFeEorganizacao
recente, estd estruturado para depender em larga medida de
encomendas e projectos conjuntos com a industria ou outros
organismos.

Os laboratdrios da divisdo de caracteriragio de materiais
dispoem para além de diversos equipamentos de caracterizagio de
amostras massivas - microscopia dgptica, microscopia
electronica, microssondas , eguipamento de difracgio de raios X
= de trés unidades de andlise de superficie @

- Emcalab I - da VG Scientific , equipado com fonte dupla
de raios X, para XPS, canhdo de electrBies para anilise
Auger/SAM ( Jum de resolugie), canhido idnico para perfil
de profundidade e espectrémetro de massa (SIMS estdtico)l.
Uma camara de preparagio de amostras, com dispomitiveo de
entrada rapida, equipada com dispositive de fractura e
canhdo idnico permite a preparaglio e estdgio das amostras
para analise. 0O sistema tem ainda um espectrometro para
analise de gases residuais.

- Escalab II - da VB Scientific, equipado para XP5, e

analise Auger/SAM ( 1lum de resoluglo) e com camara de
preparagio de amostras.

. CAMECA 3F - sistema de SIM3 com obsarvagio da amostra por




microscopia ionica (rescluglio da ordem do pm).

dispBem ainda de um outro equipamento mais antigo gque
estd em fase de recondicionamento para operar como sonda
Auger de alta resoluc¥o e SIMS.

0O Dr. Riviére & pioneiro no U.K. na wutilizagéo das
técnicas XPS/Auger de andlise de superficie, sendo ha ji4 varios
anos presidente da UK ESCA Users Group.

cs Dre M P Seah

Division of Materials Applications
Mational Physical Laboratory

Este departamento do NPFL estd wvocacionado para a
caracterizagio fisica dos processos de andlise de superficies,
no relativo aos fendmenos de interagio que envolvem a amostra e
48 caracteristicas relevantes dos intrumentos utilizados nas
diferntes técnicas. Contribui desta forma para a optimizacie
das condigies analiticas e para o melhoramento e padronizagio
dos procedimentos de processamento e avaliaglo de resultados.

e@ste departamento disp¥e de duas unidades de andlise de
superficie:

Escalab II - VB Scientific, equipado para ¥XPS5 e andlise
Auger/SAM {1 pm de resolugdo ), um canh3oc idnico e com
camara de preparaglo de amostrasj

- Escalab II , equipado para analise Auger /EAM de alta
resolugédo ( 2000 A), e dispondo de espectrometro de massa
(5IM5) e espectrdmetro de raios ¥ (EDS). 0 sistema tem
ainda um canhdo idnico na camara principal e uma camara
de preparagio de amomstras.

0 Dr. Seah tem uma larga experi®ncia de investigagdo no
dominio das técnicas de caracterizga® e andlise de superficies,
sSendo corresponsavel das comissBes directivas das associagiaes
inglesas de utilizadores de ESCA & SIMS.

d. Frof. Jim Castle
DrFr. J. Wakkts
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Department of Materials Science and Engineering
University of Surray

0 departamento de materiais dispBe de um laboratédrio de
andlise de superficies que para além do apoio aos projectos de
investigaglio, suporta a realizaglo corrente de servigos para a
industria e o apolio a trabalhos de investigagio de outros
departamentos. Outros laboratorios de mesmo departamento
equipados para estudos microestruturais e caracterizagio de
particulas = e dispondo de SEM, TEM, microssonda e squipamento

de anilise de imagem = assentam o seu funcionamento Nnos mesmos
principios.

0 laboratdrio de analise de superficies estd aquipado com
diversas unidades (35){la mais antiga das gQuais com cerca de 15
anos & ainda em funcionamento), 2 de gue hd a destacar:

« Escalab II - da VB Scientific, eguipado com fonte dupla
de raios X e fonte de raios X de ancdo de Ag com
monccromador para XFS5; canhdo electrdénico para andlise
Auger de baixa resolugdc ( 2 um), espectrometro de raios
X (EDS), canhdo electrdnico de feixe largo e canhlio
1dnNico. Uma Camara de preparagao equipada com
dispositivo de tracgdo e com ligagdo a uma camara de
luvas permite obter amostras em diversas condigtes.

« Escalab II (corpo cilindrico) - equipada com canhéo
electrdnico para andlise Auger/SAM de alta resoclugédo
(LAB&- Eﬂﬂdlg canhio idénico; espectrometro de raios X
(EDS) e camara de preparagio de amostras.

0 Frof. J. Castle, com interesse especial na aplicagio
destas técnicas ao estudo de fendmencos de corrosdo, tem larga
axperiéncia na organizagido de cursos sobre técnicas de anidlise
de superficie para preparagido de técnicos @ investigadores
neste dominio. Fruto da colaboragido com a V@ Scientific,

re@alizam—se periodicamente na Universidade de Surrey cursos
deste tipo.

2. Dr. D E Svkas

Loughborough Consultants Limited
Loughbarough University of Technology

A Loughborough Consultants ¢ uma empresa privada criada

pela Universidade de Loughborough, que & responsdvel pela
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nomeacio da administragBo, e gque depende inteiramente, para
pessoal , funcionamento corrente e aquisigio de equipamento, das
receitas proprias. Com actividade em diversos areas,, funciona
como meio priveligiado de prestagido de servigos e de acctes de
consultoria por parte da Universidade.

Mo dominioc da andlise de superficies dispde de
#quipamento para KPS/Auger (VB Bcientifie), uma unidade
Auger /SAM (Varian) de baixa resolugdo (2 um) e uma sonda idnica
com espectrometria de massa - SIMS (CAMECA 3F).

Dois equipamentos adicionais de espectrometria de massa
possibilitam ainda:

- @ realizagio de andlises pontuais extremamente rapidas, em
qualgquer tipo de material - LIMA (Varian) (ionizagho por feixe
laser seguido de espectrometro de massa de tempo de wool g

« 8 realizagdo andlises globais com limite de detecgido de ppb
(VE 008 .

Em virtude da actividade de consultoria que desenvolvem
ha ja muitos anos tém uma enorme experi@ncia na area de andlise
e caracterizaglio de superficies.

Verifiquei a sua disponibilidade para o desenvolvimento

de acgies de formagio de técnicos e investigadores neste
dominio.

f. Dr. J.C Vickerman
r. Robim H. Hest

Burface Analvsis Ressarch Centre
Dept. of Chemistry
UMIST

0 grupo de investigagio em ciéncia de superficie gue
constitui o nacleoc deste centro desenvolve trabalhos de
investigagdo utilizando diversas técnicas de caracterizagio de
superficie: EELS, LEED e SIMS.

Em BIMS, técnica em que sio pioneiros, dispoem de
diversos equipamentos de elevada capacidade técnica ¥
utilizados quer no apoie dos projectos de investigagio em

Curso, quer na realizagio ¢ servigos para a inddstria e outros
organismoa.

g- Dr. Lyon
Dr. Brian Bethune
Mr. Idin Walton




Corrozion and Protection Centre

UMIST

Este centro, wvocacionado para o estudo dos problemas de
Corrosao e protecgéo de materiais, disptie de diverao
equipamento analitico e de observagaos microecdpios

electrdnicos de varrimento com microandlise, de uma microssonda
e de um laboratoric de preparagdo de cortes +Finos por
ultramicrotomia. Tém também wum laboratdrio de andlise de
superficies equipado com uma wunidade ESCALE II (VG Bcientific)
peossibilitando a realizagio de XFE e Auger/SAH.

. Dr. G.W. Lorimer
M. Graham Clif+

Departement of Metallurgy and Materials Science
UHMIST

Este departamento, nao tendo instal ado gual quer
equipamento de analise de superficie ( tem grande facilidade de
ACEesSsS0 aos que lhe estdo proximos), dispie de um impressionante
laboratério de caracterizagio microestrutural e microanalitica
de materiais.

Entre o equipamento instalado, que se encontra disponivel para
utilizagdo por equipas de investigagio de outros departamentos,
& de referirs:
« um laboratdrioc dispondo das técnicas necessdrias &
preparagéio de amostras, dos mais diversos tipos, para os

diferentes meios de observagio e andlise - metalografia,

microssonda, transmissio .... |

» dois microscdpios electrdnicos analiticos (TEM/ STEM &
microandlise EDX ) para 200 e JO0KV;

» dois microscopios electrdnicos de wvarrimento com
microanalise (EDX)j

« uma microssonda de rFraios X

» equipamento de microscopia dptica e anal ise de
Lmagem

i. Dr. C M Demanet
V3 Scientific




Mr. Larry Ogden
Kratos Analytical

Mr. Hon Unweyn
W5W Scientific Instruments

Na seguimento de contactos anteriores tive a oportunidade
de visitar as instalagies fabris e laboratdrios de demonstragio
da VG Scientific @ Kratos Analytical e ,por sugestio de varios
dos especialistas contactados, também da VBl Secientific
Instruments de gquem espero receber em breve informagioc de
referéncia.

2.3 Resultados obtidos

A wisita acs laboratdérios anteriormente referidos,
atingiu completament® o8 objectivos enunciados, permitindo o
esclarecimento dos aspectos essenciais do funcionamento dos
equipamentos utilizados em andlise de superficies, a discussio
das diferentes opgoas a considerar na selecgio de  um

equipamento deste tipo @ na instalagdo do respectivo
laboratério ,

a) caracterizagio e avaliagdo das técnicas de andlise de
superficie de maior interesse.

Todas as técnicas de andlise de superficie envolvem
o confinamento das amostras e dispositivos de medida em
sistemas de ultra alto wvacuo - UHVY (< 1.E-9 mB). Por
este motivo a transferéncia de uma amostra para o
interior da cémara de andlise impfe tempos de espera da
ordem da dezena de minutos, ou mais, se as amostras
estiverem particularmente contaminadas ou apresentarem
elevada porosidade. As amostras, com superficies uteis de
1 em2 {v. tipicos), slo colocadas em suportes metalicos
adequados & sua fixaglo mecanica, de uma forma semelhante
a que & corrente em SEM.

Em XPS, um feixe de raios X incidente provoca a
emissdo de fotoelectrBes da superficie da amostra. [
espectrometria dos electrfies emitidos permite - pelas
energias de ligagido caracteristicas - identificar os
@lementos (He - L} presentes a4 superficie , e pelos
desvios observados nas energias de ligagio obter
informagdo sobre a ligagdo quimica em que participam os
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atomos. For este motivo esta técnica & particularmente
exigente no gue se refere 4 resolugioc do espectrémetro de
electries a utilizar.

A anadlise incide tipicamente sobre uma superficie da
ordem de 1 cmZ, que pode ser reduzida a valores da ordem
de 8.1 mmZ, & tem uma resolucdoc em profundidade melhor
que 3 nm. O limite de detecgdoc elementar & da ordem de
@.1%4 @ & possivel a realizacdo de andlise guantitatiwva.
A analise, @& nio destrutiva, e pode realizar-sa sobre
qualquer tipo de amostras.

Em espectrometria Auger, um Feixe de elecbies
acelerados, finamente focado, incide sobre a amostra
provocando a emissido de electlies Auger. A espectrometria
dos electries emitidos permite identificar os elemsntos
presentes (Li = U) com uma resolugio lateral maxima da
ordem das centenas de A - dependente do diimetre do feixe
incidente, do volume de interacgio e da estabilidade
meca@nica do sistema. @A resolugio em profundidade & menor
que 5 nm. O limite de detecgiio # da ordem de 0.1% e a
analise quantitativa & possivel embora de maior incerteza
que @m XPS em wvirtude da importéncia dos efeitos de
matriz.

0 modo de operaglio do sistema permite, pele varrimento do
feixe electronico na superficie da amostra, a obtencio de
uma imagem { semelhante & que se cbtem em GEM) @ a
realizagdo fiécil de mapas de distribuicdo elementar.

A analise embora nSo destrutiva pode afectar amostras

mais wsensiveis, e exige condutibilidade eléctrica da
superficie.

0 estudo da composigdo da amostra em profundidade
pode realizar-se, em qualguer das técnicas anteriores,
pelo arrancamento de material da superficie s Na zona de
interesse, utilizandao uim feine de itew. Este

procedimento & praticdvel até espessuras da ordem de @.1
a2 lpm &

Estes sistemas s3o completamente informatizados,
realizando-se o controle das condigfies de cperagd3o de
espectrometro de welectrBes e das diversas fontes de
radiagic envolvidas na analise através de um terminal de
computador. 0 sistema informatico dispBe também de
rotinas e da informagdo auxiliar necessarios & avaliagio
dos espectros obtidos e & quantificagio dos resultados.

A instalac¥o, no mesmo instrumento, de XPE e
espectroscopia Auger @ habitual, nlo levantando quaisgquer
problemas mas impBe dois compromissos:

= © espectrometro de electrBes, partilhado pel as duas
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técnicas, deve ter a resoluglo exigida por XFS)

- a resoluglo lateral que & possivel obter em Auger &
normal mentes limitada pelas condigéena mec3nicas da
conjunto.

Em SIME realiza-se o bombardeamente da superficie

com um feixe de fdes (ou por neutralizagéo, &tomos) e os
ides arrancados da superficie s8o analisades por um
espactrometro de massa. A informagio obtida possibilita
a identificagio dos elementos (H - U} ® espéciss
molecul ares presentes na superficie da amostra.
Em SIME estatico utiliza-se um feixe de ides de baixa
intensidade de modo a que o efeito de erosio da
superficie seja reduzido e possibilitands a realizagio da
observaga&o prolongada. Em SIME dinamico ¢ realizado o
varrimento da superficie da amostra utilizando um feixe
de ioes finamente focado, permitindo obtar
sequencialmente a distribuigde em superficie e em
profundidade de wum elemento. Tem um limite de detecgido
que pode atingir os ppb. A principal limitacio da técnica
enta associada & dependéncia da eficiéncia de
arrancamento , das espécies atdmicas e moleculares
consideradas, e dos efeitos de matriz.

Consideradas as potencialidades e limitagthes das
diferentes técnicas de andlise de superficie e definidos
o leque de utilizadores, &reas de aplicagio que o
laberatério de analise de superficies pretende servir e o
respectivo enquadramento, wverifiquei um elevado grau de
consenso, dos diversos especialistas contactados, em
torno das seguintes opgies @

uma unidade combinando as técnicas XFS; Auger/SaM
- com fonte de raiocs X de anodo duplo Al /Mg 3
- com possibilidade de SAXPS (XPS em area reduzidal
- com resolugdo submicrométrica em Auger/SAM;

- dispondo de um canh¥e de ifes de Ar, com
possibilidade de varrimentos

« uma camara de preparagio da amostras com

11.




dispositive de entrada rapida de amostras,
anal i sador de gases residuais e tendo
gventual mente instal ados Lim dispositivo de
fractura e um canhio de ibdes para limpera de
superficiess

« um sistema informatico, de controle, multitarefa e
desejivelmente multiposto. Em qualquer casoc com
possibilidade de transfer@éncia de dados para
outros sistemas equivalentes.

Relativamente & possibilidade de inclusio de SIME, agora
ou  num Ffuturo praximo, no mesmo instrumento hé a
cansiderar gues;

« ®m todos o8 laboratédrios em que & importante a
aplicagéo desta técnica verifiquei a existéncia de
equipamentos especificos para esse fimg

a instalagio de varias técnicas no mesmo instrumento,
cuja aplicagio ndo & simultanea, limita a efici@ncia de
utilizagdo de cada uma delas e agrava os problemas de
fiabilidade do conjuntos

¢ possivel em algums instrumentos existentes no mercado,
sem comprometer significativamente as outras técnicas, a
instalagéo de um espectrémetro de massa gque em conjunto
com o canhdo ionico, j& existente, permite dispor de um
SIMS estatico com particular interesse para o estudo de
suparficies com componentes orgf#inicos (polimeros).

Bl Parfil do responsavel pelo funcionamento do
laboratdrio de analise de superficies.

Ma organizagido do laboratdrio de analise de
superficies, a funcionar em regime de prestagioc de
s@rvigos como estd previsto para o CEMMUF, & bastante
importante a escolha adequada do perfil do responsavel
pelo seu funcionamento.

As opinifes que recolhi sobre este assunto apontam
para o seguinte perfilas

= preparagac base no dominio da +igica - para uma faesil
aproximagéo as diferentes técnicas utilizadas neste

equipanento, e & sua manutencio em funcionamento
carrente;

12.




= conhecimentos na drea dos materiais, de preferéncia
envolvendo conhecimentos de fisica das superficies,
—para desenvolvimento de capacidade de interpretagio de
resul tados a facilidade de dialogo cam utentes
provenientes de sectores muito diversosjg

e pressupoem gqueil

s Na anal ise de probl amas complexos oL muito
especificos, relativos a projectos de investigagio ou
consultas da indistria, haverd um envolvimento pessoal
dos utentes na intrepretagido e avaliagio dos resultadomg

«+ &@m virtude da complexidade do equipamento,no seu
conjunto, & necessdrio dispor localmente de capacidade
para assegurar o seu funcionamenteo corrente e a resolugio
dos problemas de manutengiio de menor dimensioj

que & a situaglio que se wverifica nos laboratérios que
visitei.

c) ldentificagio da configuragio do equipamento.
Establecimento das especificagies do caderno de
encargos (esbogo - pontos a ter presentes).

Descricio global:

Equipamento de andlise de superficies possibilitando
a realizagio simultanea de XP5 ® Auger/SAM(1000/2000 &)
@m condigies de UHV, dispondo de caméra de preparagio de
amostras com sistema de entrada rapida.

- Especificagies/opgies

Vacuo : opgdes gque garantam melhor gue 1.E=10 torr na
clmara principalj

Espectrometro de electries : ,
- opgoes detector simples/ detector multiplog

xPS1

« fonte de raios X de anodo duplo Al AMgg
« dispositivo para SAXPS, incluindo sistema
optico de localizagio da regido em andlise;
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Auger /SAM &
« canhdo electrdnico capa;ﬂd. ABBEQUFAF UMa
resolugédo de 100B/28088 A em andlise Augery
« acessorios para SEM/EAM;incluindo detector
de ES & monitor de observagao;

Manipul ador de precisi&oc = H,vy,.z,0;

Canhso idnico de Ar, para perfil de profundidade, com
possibil idade de wvarrimentoj

Camara de preparagio de amostras:

« com sistema de entrada rapidaj

. dispositivo de fractura de amostras,

. canhSo idnico estatico, de feixe largo,
i para limpeza de amostras;
anal isador de gases residuaisj

Sistema informatico de suporte:
com controle das operagidoes envolvidas na
execugio de uma sequéncia de andlise j
« COMm programas auxiliares de analise de
espectros @ rotinas de gquantificacédo;
. com funcionamento multitarefag
» com funcionamento multiutilizador)

. Informagio técnica:s

- @spectro Auger do Cu para ( 18nA, 3.S5KeV);
- @spectro XFS da Ag

- descrigédo de cps = f(resolugido), em Auger
para a linha Cu LMM. do Cu para E@= 3.5 kv
dE= SeV;

Possibilidade de testes

+ & assegurada a possibilidade de realizar
testes ao equipamento nos laboratorios de

demonstragao pela analisae de (3/4)
amostras j

Vida média dos elementos congumiveis
Componentes de reserva

14,
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Condigdes de manutengioj

Lista de utentes/ vendas nos Udltimos 5 anos, com
indicagiéo de equipamentos instal ados semelhantes ao
propostoj

3. Fropostas para prosseguimento do processo.

. Em resultado dos varios contactos establecidos com
fabricantes de equipamento de anidlise de superficie,
deslocar-se-do ao Porto no decurso do més de Novembro
para reunido com a C.I. do CEMMUFP e realizagio de
confer@éncias, sobre as potencialidades e aplicagbes
destas técnicas = de avaliagido dos equipamentos
disponiveis, especialistas da Perkin-Elmer, Kratos, Riber
e VG Scientific.

Lom estas reunites completa-se uma fase preliminar
de avaliagdo de técnicas ® equipamentos e ficam criadas
condigtes para definigdo das opgles a considerar e
planeamento do processo de escolha do equipamento.

For forma a assegurar o desenvolvimento deste
processo nas melhores condigies sugiro a formaglo de uma
comissdo de apoio técnico da C.I. dao CEMMUF ,
reprasentativa dos principais utentes deste equipamenteo,
e rasponsavel pela preparagido do projecto de caderno de

. encargos @ acompanhamento técnico de todas as Ffases de
selecgdo e teste do equipamento.

Forto, 23 de Outubro de 1987

ﬂ«&%ﬁﬁ
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CEMMUP

(ENTRD DE METALURGIA E CIENCIA DOS MATERIAIS
i}

UKIVERSIDADE DO PORIO

Relatdrio da actividade desenvelvida no quadro dao CEMHUP
para avaliagdo de técnicas e selecglioc de equipamentos de
andlise de superficies.

No seguimento do pedido de financiamento apresentado pela
Universidade do Forto ao Banco Mundial para desenvolvimento do
projecto de instalagio do CEMMUF, ® no pressuposto de que se
encontrardoc disponiveis a multo breve prazo o8 meios
necessarios para cumprir a primeira fase, envol vendo

. nomeadamente, a aquisicad de equipamentos de andlise de
superficie, foram tomadas diversas iniciativas tendo por fimi

= a avaliagdo das técnicas ® eguipamentos mais adequados ,
tendo em atengio as areas de aplicagdo previsiveisj

-tecnologia das superficies: COrrosac, oridag o,
passivagdo, contaminagio, segregacio de superficie...

«tratamentos de superficie i tratamentos térmicos,
tratamentos de endurecimento, operagées de polimento
@ limpeza ....

revestimentos de superficie revestimentos por via

fisica guimica ou electroquimica, problemas de adesdo
& interface...

«filmes finos composigéio, adeséo, ....

«tecnologia dos materiais 1 Eegregagies intergranulares,
caracterizagio de interfaces em compositos, processos

de fragilizagio , corroséc sob tenséo , controle de
composigio ...

«tribologia : desgaste, caracterizacio das superficies
de fricgdo, lubrificagdo ...

.catdlise

— a4 elaboracgio de um caderno de BNCArgos para concurso
de aguisigio de equipamentog

= a definigio de um plano de avaliacgao final de
equipamentos.

- & avaliacgio das condigbes de exploragio do equipamentor
perfil dos técnicos responsaveis, manutenglioc,. ..
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l. Fara uma primeira avaliagio dos equipamentos de andlise de
superficie disponiveis, utilizando as técnicas:

- XPES { X-ray photoelectron spectroscopy)

= Auger ( Auger electron spectroscopy)

= SIMS ( secondary iom mass spectroscopy)

foram contactadas os principais fabricantes deste tipo de
equipamentos presentes no mercado eurcpeu - VB Scientific,
Riber, Kratos, Leybold-Heraeus, Ferkin-Elmer, CAMECA e JEOL -
a quem foram solicitadas informagies técnicas de base,
orgamentos de referéncia e listas de utilizadores.

2. 0O apoio recebido do British Council permitiu a deslocagiio
do Eng. Carlos P, Moreira de 5S4 ao Reino Unido, de 5 a 1& de
Outubre ,para a realizagdo de um programa de visitas a
diversos departamentos e laboratdérios particul armente bem
equipados para andlise de superficies e o contacto com
especialistas e investigadores nesta 4rea, ® snvolveu os
laboratdrios :

Surface Analysis Technolegy Ple (SAT) / Dr. Sukanta Biswas
Degpartment of Materials
Imperial College

Materials Caracterisation Bervice /7 Dr. John Riviére
UKEA — Harwell Laboratory

Division of Materials Applications / Dr. M F Beah
Mational Phvsical Laboratory

Department of Materiale Science and Engineering
Frof J. Castle
University of Surrey

Loughberough Consultants Limited / Dr. D E Sykes
Loughborough University of Technology

Surface Analysis Research Centre / Dr Robin H. Hest
Dept. of Chemistry
UMIST

Corrosion and Protection Centre 7 Dr. Lyon
UMIST

Departement of Metallurgy and Materials Sciencs
Dri. G W Lorimer
UMIST

@ ainda as instalagies fabris (] o2 laboratéarios de

demonstragio das empresas: VG Scientific, Kratos Analytical,
VSW Scientific Instruments.
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D contacto com especialistas com larga esperiéncia neste
dominio permitiu o esclarecimento dos aspectos essenciais do
funcionamento dos equipamentos utilizados em andlise de
superficies, a discussio das diferentes opctes a considerar na
Sua selecglio e na instalagio do respectivo laboratdrio,
nomeadamente 3

ala caracterizagio e avaliagdo das técnicas de andlise de
superficie de maior interesse, tendo em conta o legque
de wutilizadores, as dreas de aplicacéo e o engquadr amento
do laboratorio & considerando,

-8 principios envolvidos nas diferentes técnicas, as
condigéms da sua utilizagio corrente e limitagbes de
aplicagiog

-0 @sclarecimento e avaliacgio das diferantes opgbes
de configuraglo do equipamento & das caracteristicas
relevantes dos componentes fundamentaisg

-a definigio dos parametros base de avaliagdo do
equipamento nos diversos modos de funcionamentoj

45 necessidades de equipamentos de apoioj

e de que resultou a identificagio da configurasio base
mais adequada para do equipamento 1

« uma unidade combinando as técnicas XPS, Auger /SAM;
-fonte de raios X de anodo duple Al /Mg
-Com possibilidade de SAXPS (XPE em 4rea reduzida)lj
-resolugdo submicrométrica em Auger /SAM;
«dispondo de um canhao de ides de Ar; com
possibilidade de varrimentog
«Uma camara de preparagio de amostras com dispositivo
de antrada rapida de amostras, analisador de
gases residuais e tendo possivelmente um dispositiwvo
de fractura e um canhioco de ibes para limpeza
de superficiesj

-um sistema informatico, de controle, multitarefa e
desejivelmente multiposto.

e o establecimenta das especificagies base do caderno de
encargos (esbogo):

b) a organizagdo do laboratérioc de analise de superficies:
-4 definigdo do perfil mais adequado para o operadorg
-4 identificagio das condigbdes mais eficientes de
utilizagio — relacgio com os utentes ;
scondigdes de manutengao do equipamentoj

€} a apreciagio da viabilidade da deslocagéo de especialistas

para realizagio de cursos, e a recepgao de técnicos para
formagiog
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0 contacte com os fabricantes de equipamantos de analise de
superficie com sede no U.K., para além da visita as instalagies
fabris e laboratdrios de demonstragio, com esclarecimento de
aspectos gerais do respective equipamento, permitiu s
@stablecimento de um programa de contactos com a C.l. do CEMMUF

e Ccoam investigadores interessados fa aplicagio destas
técnicas.

3. Acgibes em CUFr80.

Em resultado dos diversos contactos establecidos com
fabricantes de gquipamento de andalise de superficie, e
nomeadamente na sequéncia da visita que o Frof. Maia e Costa
efectuou aos laboratérios da Riber em Franga, estd prevista a
deslocagéo ao Porto, no decurso do més de Novembro, de
especialistas da Perkin-Elmer, Kratos, Riber e VB Scientific.
Esta deslocagio permitird a realizagiio de reunites com a C.1I.
do CEMMUP e de conferéncias sobre as potencialidades e

aplicagbies destas técnicas e de avaliagdo dos equipamentos
disponiveis,

Com estas reunibes completa-se em MNovembre uma Ffase
preliminar de avaliagio de técnicas e equipamentos  Fficam
criadas condigdes para definigdo das opgies a realizar, o
establecimento definitivo do caderno de Bncargos o
planeamento do processo de escolha do equipamento.

Forto, 29 de Outubro de 1587
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A review of the analysis of surfaces and thin

films by AES and XPS

M P Seah, Division of Materials Applications, National Physical Laboratory, Teddington, Middiesex, UK

In this review the physical bages of Auger electron speciroscopy and X-ray photoefectron spectroscopy are
briefly presented in order that their practical appiicability and limitations may be undaerstood. For thin film
analyses, AES and XP5 are combined with ion beam sputtering to give composition-depth profiles. The
physical basis of sputtening relating to compaosition-depth profiling, in the way that Nmitations are thus sel on
depth resolution and aspects of quantification, are discussed and illustrated by practical exampies. Further
examples are then presented showing particular facets of measurement, either at sufaces or in compaosition
‘anm profiles of fiims, that give clear uneguivocal answers to technological guestions,

Introduction

This session concerns a sel of reviews which involve the analysis of
surfaces and thin films by Auger eleciron spectroscopy (AES)
X-ray  photeelectron  spectroscopy  (XP51  Rutherford
backscattering  spectroscopy  (RBS).  secondary ion  mass
spectroscopy (SIMS) and electron probe Xeray microanalysis
[EPMAL These techniques are all extremely powerful and we
shall find that one technique s mol intrinsically belter than
another but that each has ils own advamiages for pariicular
problems. Indeed. in some instances, more than one of the
techniques may be wsed. In this review we shall consider the first
two of the above techniques in detail, noting. as appropriate,
where other techniques can be used 1o improve the analysis.

ether although,

extremel ] 1 level, anly an
eleciron gun_and some elecirons

Addinonally, the concepis invalved in beh techmn
similar.

The Bases of the techniques will be outlined in the next section
bal therr analytical power may be summarized here, XP5 iz &
technigue for establishing the composition of the outer few atom

QUES Are ¥ery

surlace aloms, with moderate specificity, and the peak intensities

mhﬁ roblems are small 5o thal
nsulaters are easily analysed a.ﬁ ihe aaﬁiiﬁi elTect E the
radiation is weak %0 that uganir: materials may be sludied for
reasonable periods of time with, in general, no noticeable elflecs,
The spatial resolution s quoted variously in dilferent reviews
however, in general, it is of the order of mm except in VErY recent

instruments where the analysis may be restricted Lo regions below

200 pm in_diameter. AES** jg j F nied
above, excepl in four respects. Firstly, the spatial resolution is far

superior_wilh features below 100 nm being discernible. This,
however, is achieved at the expense of sample degradation where

the ionizing Aux densiti mage effects may be 10* times
higher than in XPS. Thirdly, the charging of insulators under the
eleciron beam can cause instabilities and last, but perhaps most
importantly. whilst chemical state information is available in
principle in AES ihe available data base is poor and only a few
labaratories use this particular analytical aspect of AES.

As described above both of the techniques may be used to
analyse the outermost atom layer at surfaces for long periods of
time and with great stability. In order to study the composition of
layers below the surface Lo depths up (o | m it is customary 1o
poel avway the surface aiom lavers wsing an 4 i argon 1on beam
in_the_encrgy range 055 KeV'® Using clectronics or a
microcomputer o multiples the peaks, composition-depth pro-
files may then be obtained. With AES a very small region of the
sample may be sputtered and then, with the electron beam
programmed to hop from point to point, high resolution depth
profiles [rom halfa dozen poinis may be obtained simultaneously.
With X P'S a much larger area, generally the whole sample, must be
sputtered but then the profiles for elements in dillerent states may
be determined. Il composition-depth profiles are required over
much greater depths, say 10 ym, a mechanical crater may be made
s0 that an appropriate taper section of the region of interest is
obtained and this is then analysed by AES™ down the taper,

In dealing with thicker layers the more conventional electron
probe Xoray microanalyser (EPMA) can be very powerful, As
discussed later by Bulpett®, the EPMA can see through 1o a depth
of | pm and can very rapidly provide infarmation of the elements
in that region. Thus, if an energy dispersive solid state Xeray

463
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detector is added to an AES instrument with eleciron beam
encrgics capable of 10 keV or more, samples may be rapidly
sereened by EFMA for subsequent AES depth-profiling with the
correct peaks get up for multiplesing®. This can save considerable
time by geiling the experiment right each time. Similarly, if the X-
ray detecior is added 10 an XPS instrument, X-ray Muorescence
speciroscopy [ XEF) may be performed with, again, considerable
savings in effort by pre-screening samples® ",

Before dealing specifically with AES and XPS in detail the
alternative surface analysis techniques should be briefly men-
tioned, highlighting some of their advantages and limitations. Ina
strict surface semse static secomdary iom mass spectroscopy
(SSIMS)'? and ion scattering spectroscopy (155)'* are the most
popular afier AES and XPS. A plethora of surface techniques may
be found in reviews'"* but lack of background work in these
techniques makes the information oblained more specalative and
so.even though they may have advantages in principle, it will be a
long while before the above four techniques are superceded. For
surface analysis S51MS has two main disadvantages in that it i
very difficult to quantify and very difficult 10 give a general
analysis of an unknown sample. These two aspects are well covered
by XPS or AES bui i

nd AES are weak ! sensilivi i iation. SS1MS for
many syslems has de ilities three orde ilude better

than cither XPS or AES and, in distinguiching peeciee _hond

BLOUPIngs can be definite where XPS is ambigyoys. Additionally
hydrogen a6 mmE; rna.{ be analysed. Thus we find today many

AES XS systems wil Scapability added. Here we include
fagt atom bombardment mass spectromelry [FABMS® with
SSIMS since in the former case the SIMS ion beam is replaced by a
meutral beam to reduce the charging of insulators, lon scallenng
spectroscopy  (155) can also be incorporated in the same
apparatus by using the electron spectrometer with reversed
polarily as positive ion energy spectrometer. 155 is less popular
than the other techniques since, although the information can be

lnrted to the outermost atom layer, it is difficult 1o distinguish
adyacent high atomic number elements. 155 is most powerful for
the analysis of precise ad-atom sites at surfaces where the
measurements and information are relatively straightforward and
where the other lechniques are nol appropriate.

Surface analysis generally has a very wide applicability, as
shown in Figure | which indicates the breadih of industrial sectors
where surflace problems occur, In_terms of their popularity,

worldwide, the arder of the technigues lor the top three i3 AES
(50540 XPS (3571, SSIMS {15%)' ", Their relative advantages are

summanzed in Table 1. Fuller 1ables may be found in the reviews
of Wehner® and Honig'®,

I the sections that follow the discussion will be restricted 1o
AES and XFS. The theory of the techniques and their respective
instrumentation will be outlined, followed by the theary for the
spulter depth-profiling procedure. Finally a few examples will be
analysed to show how the different aspects treated in the theory
section affect the practical profiles.

L The theary of AES and XPS

We shall not go into the theory of AES and X PS in any great depih
except 1o highlight those aspects which the analyst should
remember for the inlerpretation of measurements.

LI. AES. In Auger clectron speciroscopy o Tocused beam of
electrons in the energy range 2-20 ke irradiates the sample.
Atoms over a depth of | sm or $0 are ionized in an inner core level
X and subsequently de-excite by an electron falling from a higher
level ¥ with the energy balance removed by a third electron from
level £ This last electron. the Auger eleciron, s emitted with an
energy, E.. defined algebraically by:

E, = :;_-F-H-.--Ex—ﬁ_,‘ (1)
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where Ex, Ey and Ep are the ground state core bevel energics of the
pure clement and A, is a term 1o allow for the local chemistry and
possible final state effects™™ ", For our present purposes it is
sufficient 1o remember thai A, is generally less than 20 eV amd
that it depends on the chemical binding state with high values for
oxides and small for the metallic state. A schematic of the process
is shown in Figure 2(a)and the pesitions of the principal peaks in

.F'igurl: 3

Rggr wlegingn B-ray pegbiaiptlson

s

L-figp phaolon

- ___.E__
1l

Figure 1. Schemaiic representation of [2) the Auper process amd [b) 1k
XPE mechanism showing the processes involving the atomic gore levels.

The Auger electrons have a very short range before inelaslic
scaltering oocurs and it is thiz that makes the spectra characler-
istic of the outermost atom layers. The characteristic information
length is given by the inclastic mean free path, 4 which depends on
the Auger electron energy, E,. and the matrix material. An
analysis ~ of considerable  experimental  data®™  gives
approximately:

l'i?”n+&1hhhuEﬂ“’ (2)
where E, isine¥ and 4 and o, are in nm. Here o, is the atomic size
deduced [rom the relation paNa® = M where o is the density, N is
Avogadro's number, Af is the mobecular weight and s the number
of atoms in the molecule. Equation (2) is not of the precise form
eapected theoretically™ but is an approximate fit 1o the
experimental data, as shown in Figure 4, Thus, the peaks in the
emitted spectrum are characteristic of a depth J cos @ where [ is
the angle of emission of the electrons to the surface normal,
The emitted spectrum thus shows the Augerelectron peaks ona

po-678

background comprised of cascade secondary and inelastically
scatiered primary electrons. as shown in Figure 5{al In older
instruments, or those operating with beam currents above 0.1y,
i has been customary 1o differentiate the specirum to present the
peaks on a Aat background, as shown in Figure S(b), for improved
wvigibility, The intensity of the peaks shown in Figure 4{a) arisss
first from the ionization cross section for the inner shell X and the
subsequent cascade to gject the Auger electron, The first cross-
section increases lrom zero at the threshold ionization energy and
mazimizes al some (hree times this energy, Additional ionization
occurs [rom the backscatiered primary electrons and this causes
the totalionization of level X to remain approximately constant at
higher energies. Thus, much work is done today with beam
energies in the range 5- 10 keV. The subsequent cascade competes
with the X-ray emission wsed for EPMA, with comparable
sirengths for high atomic number elements, but with the Auger
process dominating for the lighter elements. Thus, ihe sensitivity
for light elements in the Auger process is comparable to that lor
the other elements, in contrast with the EPMA.

Te quantify the spectrum it is best 1o determine & set of
empirical sensitivity factors, [, for each element, 4, in the pure
state for the specirometer used for analysis. If the intensities are
matrix independent the simplest relation 1o quantify the data is:

_ IA.H;_
N T
However, because both the backscattering contribution to the

Auger eleciron intensity and the inclastic mean free path are
mairis sendilive, a betler equation is:

__ i
T ERII;
I

X, (3)

X, 4)

where F, is a calculable Auger matrix factor, tables for which
were first given by Hall and Morabito®®. On the basis of their
approach recent caleulations of the basic parameters™ 27 allow a
more accurale eslimate of the FL. On average F% is unity,
however. the distribution for many element pairs shows that S0%;
of the F values diverge from unity by more than 33%2%. Thus
ignoring F by using equation (3) leads to errors which, on average.
are 3% For precise quantification the matrix factor is included.
Fortunately. matrix effects are generally weak and easily predic-
ted. For instance a low atomic number clement in a high atomic
number matriv will have an enhanced signal through the
backscattering effect. This constrasts with SSI1MS where matrix
eflects can be orders of magnitude sironger.
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Figure 3. Pogitiont of ihe principal Auger peaks, after Davit er ol **,
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Historically, the measure of I, and [ has been the peak-10-
peak intensity in the derivative spectrum shown in Figure S(b)
For metale and alloys using reference data from the same
insirument this can be both an accurate and precise measure.
Tables of sensitivity factors are given in reference works®*?* and
an example showing the relative intensities for dilferent peaks is
shown in Figure &, Abo shown on the right of Figure & is an
approximale scale showing the detectability of elements by AES.
Mote that elements such as Rb and Sr really have quite poor
detectabihty. Gireat care is in ugj lished figire such
as Figure 6, tﬁlﬁﬁmuﬁm
alioi™®, The spectrometer resolution® and the dems-
mession funciion ol ber™
i rder of magniiude &

irecl spectrum, as shown in Figure S{a) This removes the first
Wo of TRt above Unceriain in

the fitting of the background to define the area 1o measure.

.E;

Figore 4. Correlation of the universal curve of Scah and Dench® with the
experimental inclavtic mean free pail dats for elements

hl=} [ 1000
E, ,#¥
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Generally the Shirlcy method T or recent vanants ™™ are nsed
but a unique table of sensitivity factors is not yet available. The use
of the peak arca also resolves a problem concerned with the effects
of the chemical binding state. Figure 7 shows the peak shapes in
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the direct and derivalive energy specira for silicon with dllT:r:nl.
bonding tiates. Lt is clear ih derivaii

reguires a constant peak shape, is 4 poor approximation 1o the
'#ﬂwmmm Figure 7 also
illusirates how AES can be wsed to Aingerprint the chemical state
ol the suelace.

A third methed, which has much 1o commend it, 15 Lo subiract
oul the peaks using a microcomputer library to determing the
relative contributions™. Each of these methods givesthe [ and 5
values amd the same mairis factors are then wsed in equation (4) as
are appropriaie for the other methods of measuring I,

A final point that should be discussed for AES concerns the
spatial resolution of the information, The Auger electron intensily

Rl AL L L R e

e i /

%f” 2,
L ﬂ ’ _/2

Illllllll'- l-'-lltr 1}

is composed of two paris; that (rom exctation by the incident
eleciron beam and ihat [ ulate
presently by Monte Carlo simulations®®. The larger lraction, from
1 T i

iB]

ﬁ. {:nu |}_9Hmlul e

Cw

he spcident peam, bas a spaval sepluting of the sheeiran heam

nd may be below 100 nm. The smaller lraction is shown by the
same Monte Carko calculations 1o be diffused over a region which
lor a I ke exciting eleciron
w and 125 nm for Au™ Thus the im

in AES is much superior to thai in EFMA.

22 XPS In X-ray photosleciron speciroscopy the ionizing
radiation is & monachromatic beam of X-rays. Usually Al or
Mg Kz 5 wsed, although higher energy sources are becoming
more popular, g 5. Ti and -"E In general, the characternstic
radiation plus the wea in_some
imstramenis the satellites are removed and the line sharpened b
ihe e

—

usually achieved only wilh the loss q-l'm—:lﬁn_ﬂﬁ"l'ﬁ': X-rays
of energy. kv, gject photoelectrons directly from the core level Ey,

o —— ). i

L
L} b LR ] L]
Elpzires prargy #¥

]

background (after Bishop®™), asd (b) the differemiated spectrum

Figuee 5 Awger elociron spectra from contaminated copper: () direct
ipectirum showing, schematically the warous combrbeiond o the

as shown in Figure 2(B), 30 that the photoelectron energy 15
algebraically (i.e. bound energees, negative):
Ep=hv+Ex— (3)

where, a5 belore, Ex is the ground state core bevel energy and Ap 13

Figure 6. Relative sensitivity factors, 17 . for desivative spectrain AES afier
peaks and the elements 91 thewe points.
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a term that depends on the chemical binding state and ranges from
10 eV or 2o downwards. It is this chemical shift term that is the
reason for the wse of X PS. Chemical shifts are tabulated fof many
elements* ¥ as exampled in Table 2 for nickel®. Actually A, like
A, i not a single valee as shown in the example of nickel in
Figure 8. The XPS spectrum for Mi0 shows the tabulated shift but
in addition, and useful for identifying compounds, i the presence
of the satellite siruciure,

In addition in XPS, after the ejection of the first electron shown
in Figure }b) the atom can decay by the process shawn in Figare

2(a) and eject an Auger electron, Thus, for many elements, the
X-ray pholpeleciron spectrum also contains Auger eleciron lines.

The precise position of these lines can be very importani for

insulators since sample charging may alier the apparent chemical
shifi A, bul cannol alier the energy separation of the peaks,
E,— E}, where E} i3 the kinetlic encrgy of the pholoslectrons,
Wagner*"™** makes use of this result and shows that the Auger
parameter defined as E,— Ep+hv is a much more precise
indicator of the chemical staie than simply Ag.

In mast other respecis X PS5 s similar to A ES. The characternistic
deplh of the spectra is defined in exactly the same way as in AES.
through equation (2L and quantification is deseribed by equation

ger malny facioc eplaced by a slightly sampler
trewn matrix factor, F1L"7. Unlike the Tormer factor, Fiy
% nol ing and therelore 1 nol so
dependent on atomic number as is Fi, The measure of intensily i
laken (rom peak arcas in the dirgel spectrum U
sirgight line or Shirlgy®® background sublraction methosls.
Relative sensitivily factors are given im Figure 9 lrom the data of
Wagner* for the Varian 1EE-15 and the Perkin Elmer PHI 550
imstruments. Instromentation is discussed briefly in the next
section. On the right of Figure % is shown an approximate scalke of
detectability. This is mach more approximate than for the AES
case as the matrix is important for noise and line overlap
conlribuiions,

X Imstrumentation

A schematie of a modern ingtramental arrangement is shown in
Figure 10, Samples are introduced 1o the analysis region by means
of am airleck arrangement so that the time before analysis in the
uhv environment it of the order of minutes rather than the many
hours of a few years ago. Specimen holders have high stability so
that the electron guns may image to resolutions of 100 nm or 2. 1f
a high resclution electron spectrometer is employed one may switch
from XP5 10 AES directly and alio switch from simullanesus
XRF measurement 1o EPMA, An advantage of the use of an
electron spectirometer with retardation, as oniginally designed for
X PS5 but used as here for AES, is that the specimen surface may be
placed anywhere within a region with a volume of a 5 mm cube
withoul significantly alfecting the peak positions or the inlensities,
For some designs, of single-pass cylindrical mirror analyser,
which incidentally do not necessarily give a better signal-to-noise

Tabde L. 2py,; Core level bisding encrgics for nsckel. alter Wagner*® and Wagner er ol

Compouand 2pg BE eV Compousnd Py BE, e¥
Mi 2527 MIlND, ), 510
MiAl Oy 3572 Mk B5L5
MiBr, B850 Mi, 0, RS0
MilCHghy £540 M OH), B56.1
NICO, 8558 MilPPh, ), RS540
MilCN}, E547 MiS £549
MilCO, £548 Mi, 5, B340
MiCl, a4 MES0, Bid
MICl, (M B, ), B89 MiSiF, BSET
MiCl,{PBu, ), 8545 NiSi0, 2569
By PPy Iy B MW, £57.8
BiFy BiT4 Wi acetylaceionate 23T
MIF JINH, )y 83135 Mi dimethylglyoaine BN
MiFe 0, R i cyclohexamebutyrate LS
Mil, 8337 Hi trifforoscsiale Lt
NIk (TN, LAY

ik, F, BED.?
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Flgure 0. Schematic of a multi-techpique iestrumental arrangement,

ratio, this volume may be reduced by five or six orders of
magnitude*®.

For the sputter depth-profiling analysis of thin films the ion gun
is used 1o remove the surface at rates of up 1o 2 um b~ ", bul
Iypically an order of magnitude less than this. For AES depth
profiles the electron beam is placed in the middle of the ion beam
crater and, if the system alignment is suitable this latter crater may
be limited in size 1o 100 um or less. For AES analysis a1 beam
currents above 0.5 pA and spot sizes of a few pm, the AES analysis
may be made whilst sputtering However, at low beam currents,
where electron counting techniques are required, and also for
X FS. the ion beam must somelimes be switched ofl during analysis
since the ion beam itsell generates secandary electrons which add
large unwanted backgrounds to the spectra. Additionally, for
XPS, in order 10 get good depth resolution, the whole of the
analysed surface must be sputiered evenly, This means that the
focused ion beam for AES depih-profiling must be rastered over a
much larger area so reducing the available depth-profiling rate
and increasing the amount of malerial sputtered, a reasonable
fraction of which contaminates the X-ray source window and
eventually reduces the flux available. For these and other reasons
depth-profiling with XPS is far less popular than that with AES.

In the next section the problems of depth resolution and
sputtering artefacts in depth profiling are considered.

4. Sputter depth-profiling
In sputter depth-profiling we consider the parameters thai affect

depth resolution, such as alomic mising. surlace TOURNERThE.
ESD, instrumental effects etc., and then the parameters that allect
signal intensity such as preferential sputiering. In alder insir-
ments other effects such as sample heating may be a problem but
in most cases it may now be ignored. First we shall consider the
quantification of the depth spuniered.

470

po-678

d.1. Quantification of sputier depth. I is likely in the luiure that the
depth sputtered will be monilored direcily by laser interfer-
omelry*®, Al present crater depths must be either measured by a
siylus or oplical method. For lapped sections the depths may be
characteriped prior to analyss but for in sitwsputiered profiles this
musi be done alter analysis. 10 the ininal surface is nod smooth and
flat, as for the oxidation of metals, the siylus and optical methods
are nol suitable and one must estimate the depth sputtered from
the ion spuliering conditions. IF monoenergetic argon ions of
current density J, are uged o spulter & targel with a sputtering
yield of § atoms per jon, the rate of removal is given by &, where;

_IM

Y ik kel
" epNn

(6)
Here M is the molecular weight of the material with n atoms per
modecule, ¢ is the electronic charge, o the density and M s
Avogadro’s number. Thus, for a given material, ithe remaval rate
may be determined if S, and 5 are known. Values of 5 for the pure
elements, calculated according to the theory of Sigmund®?, ane
shown in Figure 11, Apalysis of the experimental data of
Wehiner'®** and the compiled daia of Oechener®® show that their
data are alfected by contamination and that, if this 5 correcied,
the average difference between the corrected data and Sigmund's
predictions i only 20%.°%, Measarements for a few clean, pure
elements with AES monitoring at NPL show a reduced scatter of
147, about the predicted values. In equation ()it is assumed that
ihe won beam is incident abong the surface normal. I this is ot the
case the removal rate will change, but not strongly for angles
below 45" since J; reduces as cos 7 and is cancelled out by §
increasing very roughly as sec 0%,

I many sysiems it is nod possible to monitor J, accurately sinoe
soie 100 guns produce newtrals which should be included in J,. In
this case & reference sample of Ta, Oy on Ta may be used io
calibraie the sputter rate*®, Again, for many materials the value of
3 miay not be known and so for oxides the Ta O, calibration may
be used 1o calibrate the depth scale in terms of the equivalent
thickmess of Ta, 0, that would have sputtered, This serves 1o give
a meaninglul precusion to the depih scale although its accuracy, in
terms of the real depth sputtered, may be in error by factors as
high as 6 in extreme cases™ due to our lack of knowledge of
spullering in mullicomponent sysiems.

d.2. Depth resolution. The depah resolutions, AZ, achieved in AES
and XPS sputter depih-profiles as a function of depth, Z,
spultered, published in recent years is shown compiled in Figure
I These resolutions are generally better than can be achieved by,
for instance, RBS or EPMA. The convention used to define AZ is
the depth over which the intensity from a step-function profile
drops from B4%; to 16% of its plateay values. This convention
anses from the observation that many profiles resemble error
functions and that these points represent the median position +o
where o is the standard deviation of the Gaussian generating the
error function. A number of separate terms contribute to AZ and
each of these terms should be added through a cross correlation
integral with the real profile. In practice, for all but twe terms this
is equivalent to the quadratic sum approach®:

AZ=[EAZ}"2 i7)

Several terms will be dealt with briefly below so that the reader
may appreciate how the instrumental operating conditions may
be optimized and how meaningful the measured profile will be,
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421, Instriments] factors. The principal limitation in many where, on the best arranged AES inslruments, o, may be in the

caperimental systems is_the fatness of the jon heam sputtere range 0.1-1% and on routinely used instruments 5% or worse

crater over the area of analysis. Thi produces an interface  may be found. In any experimental arrangement, reducing the
1mﬁﬁmﬂplh. Z, ciched: analysed area will reduce o, 1o an extent at worst proportional to

the analysed diameter. For AES ensiruments with electron beam
AL = a2 (8)  diameters below | um the crater shape should not limit the depth
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resolution, however, electron stimulnisd desorplion may Uhen
become a problem. For XP5 instruments with mo spatial
localization depth resplutions of $-10%, are guite common
although with care or with restricted area analysis 1% may be
achieved, :

4.2.1. Electron stimalated desorption. For AES. elecinon stimi-
lated desorption (ESDI** causes a limitation on the minimum
arca that may be analysed. As a result of ESD the clectron beam
will create its oown mini-crater within the ion beam crater. If the
ion beam sputter rate is 2 and if the electron beam has a Gaussian
profile ol characteristic o, the interface blurring arsing from ESD
may be shown to be AZ, where: .

1,010°%

AZ, =255 Z (9 .

where I, is the electron beam current, { is the target atom
desorplion cross section and ¢ is the electronie charge, It is
mstructive to pul some figures into this relation 1o determine (he
effect in practice. For stable oxides Q is typically 107 m?, for
reasonable signal-to-noise in the peak detection I, may be greater

than 0.2 uA and & typical sputier rate may be 100 nm in 1-2 h
Thiss:

2,
where o, s expressed in pm. For a 1%, depth resolution this would
limit the electron beam FWHM 10 3 pm and so lmil the
improvement available in Section 4.2.1 above. For many inor-
ganic compounds the ( valoes are 10- 100 iimes higher than for
the stable oxides’® whereas for metallic layers {0 values much
smaller are appropriate,

413 Atomic mixing. The cascade mixing contribution, AZ,. al
steady state has been calculated for a range of elements for argon
i0n spuliering in the energy range 1-10 keV by Andersen™. AZ,

—

T L T L |I L] T L L
0o
i Crystalline melals!
- AF = {0.B6E20. 22
.
n E
= [
-
-_l_l_.l, i I.Jllln N M
1

Zorm

increases aa the syuare rool of jon energy and, for | ke bons
incident aleng the surface normal. i in the range 24 nm, Due 1o
the random scattering involved it i unlikely that this valee will be
greatly reduced for non-normal incidence in the range of angles
caommanly suitable for AES or XP5. The development of AZ, with
£ 13 shown by the caleulations of Litimark and Holer®, At small
depths, Z, the random diffusional seattering gives AZ, propor-
tiomal to the square root of time and henee: )

AZ, =aZ"? (1)

unlil £ exceeds the projecied range of the primary ion and s
recoils. AL depths between | and 10 times the AZ, value given
abave, the value of AZ, saturates at that valoe. The effect of atomic
mixing does not give a Gaussian broadening term but a skewed
function with a long tail. This, 1o some extent, distinguishes the
effect of atomic mixing from other terms.

4.1.4. Roughening of the surface. Roughening of the surface by
ion sputtering has long been thought to degrade depth profiles, At
very small depths, such as the first few atom layers a slight
roughening occurs due to the statistical effect of removing
atoms®®. This leads 1o a relation originally thought 1o be of the
form of equation (1)1 More complex calculations of this elfect
show that the statistical effect saturates at a blurring term of only
1 nm or 5™, In practice a dilferent type of roughness appears to
develop whose magnitude is given by:

AZ, =aZ"3? (12)

arsang through random events, Empirically it is found that a, for
polycrystalline metals is 086+022* where AZ and Z are
expressed in nm, as shown in Figure 13, The topography of &
multilayer metal film sample on a silicon base, after sputtering
through the film into the substrate, is shown in Figure 14. The AZ
value (rom the A ES measurement is shown by the vertical marker
which agrees precisely with the analysis of roughness from the
micrograph.
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Figure 1. The depth resolution as & function of interface depih for polycrystalline metal overlayers using | keV' argon jons, afier Seah and Hamt®
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Figure 14. SEM micrograph of a silicon subsirate immedianely under the
prafiled musli-layer metal film shawing Ihe roughening aviocizled walk a
&0 nm depib resolution, as imdicaied by the vertical marked (micrograph
Battom edge I pml, afier Seah snd Huni®

.Thi: roughening observed in amorphous oxides ix m £in
|h="_m"ﬁﬁlfﬂﬁﬁmﬁriﬁ'mﬁ§,yrs.

KCrographs Al onTa
show no features at the resolution limit of our SEM (3 nm)
Indesd a detailed analysis of this material shows thay the
roughening, even for 3 keV argon ion sputtering. s much bess than
the atomic mixing depth of 1.0 nm a8 100 aem depih. Thus, since
the roughening effect is very small for Si0; on Siand Ta, 0, on Ta
the contnbutions 10 AZ may be analysed as shown in Figure 15,
The analysis of Figures 13 and 15 may thus be summed as a
predictive plot as shown in Figure 16, Resulis worse (han those
shown occur for poorly aligned instruments or inslruments in
which the sputtering gas is impure®.

Recent work in which the argon is replaced by a reactive gas
such as nilrogen shows improvements in resolution lor the
multitayer metal Glms®"** It may be that this creates an
amorphous nitride layer in the sputtering region and that this
reduces the roughening as described above

415 Roughness of the saler swrisce. In mANY instances
roughness of the outer surface may not affect the depth profiling
resolution and. in other cases, I can destroy the chance of a
meaninglul measurement. The situations in which a good resull is
obtained are those in which an even layer is grown or deposited on
the rough surface. If the thickness of this layer is less than the
wavelength of the roughness, (he surlace rou ness may have a
minimal elfect. especially for near normal incidence spullering.

15 15 deall with at lengt sEwhere ut an example.w
illustrate the point. The depth profile shown in Figure 17,
discussed in detail later, is the profile through an anodically
formed oxide film grown on polycrystalline tantalim. The
witerface shows a width of 1.0 nm. The RMS roughness of the
outer surface of some of the samples, which exhibit this inlerface
width in depth profiling, has been as high as 2 gm. However, in
this case the oxide flm exacily reproduces the surface confour at
the oxidejmetal interface and no surfsce roughness contribulion
is involved,

4.1 Quantification and chemical state alterstions. For the analysis
of multilayer metal films the layers are each generally of one
element and 0 quantitative and chemical state problems do not

ootur. However, in the anar!tisi of oxidation layers or deposined
layers of tompounds prelerential sputtering of one constituent
may oocur beading 1o the meed for oD terms in both

4.1, Quantification. Figure 17 thows a depth profile for the
Ta, 0, on Ta reference material. The oxygen signal rapidly
increases af first as the carbonaceous air contamination is

'——I—'1——-—|—||-..--|— = —=
100}
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Figure 16, Schematic of the depth resolution of diffsrent materisls

176

-I — m:ﬂ.‘ “i A —
E i ITH
| S |
E- "/",Wj'.tulm \

o 2 ™
Depibi_E Am
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removed and then falls exponentially 1o an equilibrium level
which is held oniil the oxsde film is finally removed. The
equibibrium molar fractional levels X5, X7 in a binary AB system,
after sputtering, are simply defined by the sputtering yiebds of the
individual atoms from that matrix 52 5% Since, in the
sputtering process, malter is conserved®*®%,

X5 _ XS
X§  XaS3°
where X, and Xy are the original compositions. Thus, il an

elermnent ks easily removed the composition will be depleted in that
elemeni over the thickness from which the atoms are liberated,

(13)

a7

This latter thickness is generally taken to be a few atom layers for

ion  energies  below  SkeV, If the sputtening yickds
S4% and 53" are matrix insensitive the data of Figure 11 could
be used. However, there is abundant evadence 1o show that this is
not the case in most systems and that p i g i

wery matrix sensitive®*” and is not yet predicted by any of the
sample theerses. One of the problems is that the actual yvield s
composed of collisional, thermal spike and thermal evaporation
terms*® and that the balance betwesn these contributions is
Fratfin sensitive. It appears that the collisional terem is least matnz
sensitive and to avoidance of very low ion beam energies, which
deposit the energy in the very oulermost atom layers, reduces The
exlen For this reason, and because
ion guns work more effectively at higher energics, energies in the

range 1.5-30 keV are recommended rather than thews helow
1.5 ke, in order to reduce the preferential sputtering effects.

[ S

4.3.2, Chemical state slteration. The los of oxygen in the depih
profile shown in Figure 16is significant not only for guantification
bt it also must follow that the oxidation state of the tantalum is
being reduced. Figure 18 shows the XPS spectrum®® for the Ta
peaks in the steady state region, The Ta** peak is the only peak
visible at the outer surface, bul this falls to about 30% at the
plateau region, The Ta** is at its strongest in the platean region at
about 0% of the initial Ta** signal, and both the Ta®* and Ta®
each reach 475, of that Ta®* signal In the Ta metal only the Ta® is
seen. This XPS analysis agrees with the diminution of the O XPS
intensity 1o 0% in the plateau region indicating a mean
composition of TayOy. Similar results are observed by Hofmann
and Sanz** for the oxides HIQ,, Nb, Oy, i and Zr0), but not
for Al The general effects in oxides have been reviewed by
Kelly** and Cd0, Cu0, PbO, and PAO are all thought 1o loss O
whereas CoD, FeO, Mo, NbO, Sni0, Ti0, VO and Zr0 do noi
show this instability, ’
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Figure 18 The Ta (4f,,;. 41y, } peaks in the Platcaw regeom wlier 3 ke Av
sputiering of Ta, Oy, The dathed Enes show the fitied peaks for diffesent
valence staies, after Holmsng and Sang®®

.Ilmm.ﬁ-uumplnm‘q:fnt and thin film analysis by A FS and
XPs

In the previous sections exarmiples of profiles on mullilayer metal
films and of oxides on Siand Ta have been discussed. Examples of
the areas of analysis across industry are shown jn Figure I and one
or two examples here will serve to illustrate the power af the
techniques for film technology,

S.1. Analyses of surfaces. Both AES and A PS5 can be used simply in
the diagnosis of contaminants which cause film debanding ete.
Generally XPS is more popular since the electron beam in AES can
reduce hydrocarbon contaminanis to carbon and the information
of the source of the contaminant 15 lost. The way XPS can be used
in analysing industrial surfaces may be shown by an example of
polymer surface treatment to enhance adhesiveness for bonding
af printing,

Cine method of increasing the adhesivenessy of palyethylens is 1o
subject it to corona discha rge. XPS shows that this results in
oxidation of the surface carbon ALME, Smie even (o acid or acid

ride groups, as shown in Figure 19" Other oxidation

wcts with smaller chemical shifts (ketone, aldehyde, alcohol

and peroxide groups) have almost equal intensity so that a wide

shoulder appears on the main carbon peak. The boitom Epectrum

in Figure 19 thows that the ozone treatment of polybuiadiens

produces ketone groups, The levels at which these changes occur
are below those for which IR or ESR wiaukd be appropriate.

In many cases COnlAmMInAnts may appear s local drying marks
of ather such localized phenomens, In this case AES must be used
1o confine the analysis 10 the Appropriale region. An elegani
example it given by Morabita!! in the analysis of contaminated

usual Cand O contamination, comsiderable quantities of Fn This
Zn is only localized at the contact regions and, of course, should
mol be there. Again, in the same publication, film decohesion is
identified for gold wire Bonds anto multilayer metallizations. The
metallization scheme, AuPATiTa, N/ ceramic showed Tailure ot
the Ti/Pd interface due to partial oxidation of the Tianising from
POOr vacuwm conditiong during film deposition,

po-678 :

Pedyeitylens, univeated

Polyeityline, reoled by corona discharge

Paolybutadiens, arone=reated
T T T a
a5 1200 205
Eom (8]

Figure 19. XPS C |y tpectia of polyethylene, oidized pelyethylens, and
oxidized polybutsdiene after Holm and Starp™®

As a surface technique AES can, of course, be used 1o monitor
the surface composition of substrates prior to MBE and shao
during the growth of MBE films. Apart from this more diagniostic
senss an example of the use of AES in quantitagjve measurement is
the determination of grain boundary diffusivity by the surface
accumulation technigue. In this approach the difusion of one
malerial through ancther is observed and the quantity pecumula-
ling a5 a fanction of time and lemperature is measured, The
materials may be sequentially evaporated polyerystalline metal
films on a substrate or the transporter matrix may be a sell
supporting foil and the grain boundary diffuser is then deposited
on the reverse side of the foil, Al high temperatures radiotracers
are iraditionally used but, at the low lemperatures appropriate to
sefwice conditions, insufficient radiotracer accumulates and the
more sensilive surface analysis technigques must be used. Figure 20
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Figure 20. The grasn boundary diffusion coeficient of 2o in Fe, measuned
by ikt AES and radicigacer methods, after Bernarding ¢ ol ™7,
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shows how the data from the iwo methods agree far Sn dilfusion in
Fe grain boundaries and how the surlace analysis dechnigues
work ai four orders of magnitude lower diffusivity than
radiotracers.

It is hoped that the discussion in Sections | -4 allow the reader
to decide il AES or XP5 & relevant (o his problem. Many mone
examples of surface analysis in the film technology sector could be
cited and the inlerested reader is recommended 1o study recent
ixsues of J Var Scf Techmol, Thin Sofid Films and Surfoce Irrerfuce
Analysis. One final example may be given. concerning (he cleaning
of GaAs substrates prior to MBE™. As with most materials, upon
insertion in1o an AES system, here part of the MBE system, gross
Cand O contamination are seen which must be removed Belone
the film growth, Heating to 540°C is known to remove the oxygen
but carbon is traditionally removed by ion sputtering followed by
an anneal to restore surface crystallinity, This process can be
detrimental to the final deviee performance C‘Iun;” shows, by
AES, that the carbon can be fully removed by s thermal irealment
providing there is no exposure Lo energelic electrons below 350°C,
Il the surface is exposed 1o electrons below 350°C, the carbon can
only be removed by ion spuliering.

5.1, Analyses of thin films. The depth profile of the ihin Blm
archetypal example of Tay Oy on Ta has already been described. It
should be noted that the excellent results obtained in that study
did not depend on the flainess of the original surface but only on
the evenness of the film. Some more examples of a similar kind will
serve Lo emphasize the power of the depth profile method.

In the first example improvements in GaAs/plasma deposited
silicon mitride interface qualily are made by a predeposition GaAs
surface treatment and a post deposition annealing™. An AES
composition depth profile of 100 nm of plasma enhanced CYD
SiyN, on GaAs is shown in Figure 21. It is seen that the original
oxule on the surface is retained. Electrical measurements show
that such an interface has surface s1ates and is not suitable for the
development of a GaAs-insulator system suitable for insulated
gate feld effect devices. The incorporation of a 300°C H, plasma
treatment in the cycle before deposition completely removes the
onygen peak and markedly improves the electrical characieristics.

In a slightly more complex example interface reactions may be

SMITRGE, FEAK-TO-FEAK HEIGHT

BFUTTEMIMNG TIMEE, mdi

Figure 21. An AES compasition profile of 8 100 mm SigNy layer on Gads
exhibiting interfacial cuide, afier Clark and Andersen™.

a4TE

observed. In the development of high temperature solar absor-
berfreflector tandems Cul) has been selected for the absorber and
melals such as Al as the reflecior™, AlyOy is inserted between
these layers as & dilfusion barmer and the whole is mounted on
50, being a thermal oxide layer on Si In thiz sifsctare the
reflector layer thickness is chosen 1o be 1.0 um and the Al,O,
0.2 ym. An AES composition depth profile is shown in Figure
22(a) where the different layers areclearly seen. Such a device must
withsiand operation al elevated temperatures. Alter 1000 b at
HO'C the profile in Figure 22(b) is obtained showing that, as
predicied by equilibrium thermodynamics, the Al has reduced the
510, to Si and mostly been converted 1o Al, O, destroying the
reflective performance,

The effects of bulk and grain boundary diffusion may be clearly
observed by AES composition depth profiling of metallic layer
systems subject 1o heat treatment of appropriste time and
temperature combinations. A good example is given by Hall o
al,™ for 120 nm of Au deposited on Pd and heated for different
times &t lemperalures from 175°C to 300°C. The measurements
for the Pd distribution at 250°C are shown in Figure 23, The

fal A%~ deposdied
1o 3

& Cu
o 5i
L]
L]

L]

oo
o

L] L]
o ib) &reepaled 1000Hrs -510°C
5 :

Aipger inlengity farbitrary unils )

a &9 & 120 I-HI 300
Spuliering tirms (min)

Figure 21 AES composition depth profiles for a solar absorber/reflector
tamdem [2) 84 depodited. (b) after 1000 h st SI0°C, aiter Blapiser and

Breusdmcier ™.
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Figure 2% Pd concentration profiles from A ES data fora sample of | ) am

nl',.l.hu-:m Pd follawing heat ireximents of up 1o § h at 250°C, after Hall i
al ™,
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W;MA ES compodilion profile of a device comprising 900 nm Ptos Ga
ke

being heated from 3 b at 500°C. after Chang er al.™’

results are analysed in two regions: the first is chose 1o the ariginal
interface where bulk diffusion i operating and the second through
the gold where grain boundary diffusion plus defect enhanced
diffugion into the grain interior predominates. At the outer surface
some segregation al the monolayer thickness level has ad-
drionally occurned. From this data over @ range of lemperatures
the activation energies for the different mechanisms are deduced.
A final example. which shows the complexity of profiles, is taken
frem the thermal cycling of model GaAs microwave devices with
P1/Au metallization by Chang er ol ™. A significant aspect i the
reaction of Pt with the GaAs where P1,Ga, PtGa and PrAs, are
formed. In the example shown in Figure 24, 900 nm ol Pt is sputter
deposited onto Te doped GaAs cleaned by etching in HCI just
prior to deposition. This film is then pre-reacted for 20 har 350°C
in pacuo, following which 800 nm of Aw is then deposited by
nl evaporation. The fral sample is then heated for 3 b ai
F in vacuum belore the profile of Figure 24 is recorded.
putter depth profiling afier the Au deposition shows a sharp
Au/PLinterface but that the Ptand CaAs have started neacling. Al
the original Py/GaAs interface an @xygen comtamination layer is
seen (at 120 units) and both Ga and As have diffused through this
layerinto the PLwith the Ga maoving some 400 nm and the As only
200 nm. After the full heat treatment thown in Figure 24 we can
see that more Gia and As have diffused through the oxide layer a1
the original Pt/GaAs interface, pushing the oxygen peak (now at
I35 units) 1o grester depihs. The Ga has reached the Au layer and
the As is not far behind, The changez in composition are
associated with bands of P1As, and either PiyGa or PiGa
intermetallics forming in the Py layer. Since Ga has 3 much higher
[ree energy of resction with O than cither Pt or As we se¢ an O
peak at 45 units excluded from the As region and just ahead of the
Az peak as well &5 an O peak at 15 units due, presumably, to
pettering of oxygen from the surface, The oxygen peak at 75 unils
i due to rather larger precipitates agglomerating and in ihe
profiles penerally is associated with minima in Lhe As intensity and
maKima in the Ga

po—-678 :

At amncaled a1 330°C for 30 b in porss. oo whick BOO am A is deposited asd

6. Conclusions

AES and XPS give a clear quantifiable analysis of free surfaces and
composition-depth profiles for all elements except hydrogen and
helium. The depth profiles, obtained usually with in sitw argon ion

spallering can, in ideal circumstances, provide depth resolutions
ﬁiMmew
resolution beller than 10 nen at depths up 10 0% ym_ Far bath
AES and KPS, delection sensitivities in the range 0.1-1% are
typécal for both light and heavy elements either al surfaces or in
depth profiles. For AES ane of the major industrial wes s in the
depth profiling of thin films in the electranics sector and,
additionally, for the siudy of microclectronic components or
multiphase tytlems, ihe recently available spatial resolution of
100 nm in commereial instruments has extended the range of
applcations enormausly,
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Some Applications of Surface Analysis

Surface Technology
Corrosson and ooadation
Fassivation

Surface segregation
Inclusions

Alloy surface composition
Surface contamination
Discolouration

Materials Technology
Grain boundary segregation
Embrittlemsent
Fatigua failures
corrosion cracking
h hardening
Annealing
Welds (Spot, Diffusion and Friction)

Tribology

Wear

Lubrication

Materials transfer on physical contact
Bearing failure analysis

Friction characteristics of sliding surface

Surface Treatment

Heat trealmenis

Mitrocarburizing

Mitriding

Alurminizing

Boriding
shing, etching and grinding
reasing

Surface Coatings
Electroplating

Hot-dipping

Cladding

Cementation

Electrophoretic coatings

lon plating

Sprayed surfaces

Fainted and lacquersd surfaces

po-678

Thin Film/Thick Film Technology
Vapour deposition

Adherence problems

Coating thickness

Coating quality

Flating failure analysis

Electrical contact failures

Semiconductor Technology
Contarmination

Failure analysis

Dopant distributions

lon implantation profiles

Bonding proklemds

Glass Technology

Leaching of glass surfaces
Weathering and chemical attack
Chemical toughening

Optical coatings

Particulate contaminants

Chemistry
Electrochemistry

Diffusion

Interditfusion

Particle analysis
lon-exchange resin siudies
Fluid adsorption

Foransic studies
Rubber-metal bonding
Polymer surfaces

Matural and synthetic fibre analysis

Catalysis

Catalyst eharacterisation

Catalyst behaviour

Paizon identification

In situ catalysis studies

Identification of intermadiate species
Surface composition-activity relationships
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