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1. INTRODUCTION 

It seenns appropr ia te to pre face t h i s In ternat iona l Conference on " M a t e r i a l s 
in E l e c t r o n i c s " w i t h a f ew remarks desc r i b i ng the background and the o b j e c t i v e 
of m a t e r i a l s research in genera l . The progress of c i v i l i z a t i o n through the ages 
has been cha rac te r i zed by a s l o w l y g row ing mas te ry of a number of m a t e r i a l s 
for t he purpose of f ash ion ing tools and usefu l a r t i f a c t s : thus w e speak of the 
" s t one a g e " , the "b ronze a g e " , and the " i r o n age" as m i l e s t o n e s in t h i s 
d e v e l o p m e n t . Many of these advaces were based on acc iden ta l d i s c o v e r i e s 
that were re f ined by a r t i sans and passed on to succeed ing gene ra t i ons . Dur ing 
these m i l l e n n i a , m a t e r i a l s were not "unders tood" in the sense that we now 
asc r ibe to t h i s wo rd , but p rac t i t i one rs of the art knew f r o m expe r i ence where 
m a t e r i a l s c o u l d be found that lent t h e m s e l v e s to a favored t r ea tmen t to produce 
des i red p r o p e r t i e s . A t t i m e s , th is en ta i l ed j ou rneys to d i s tan t l ands , as the 
i m p o r t a t i o n of t i n ores f r o m count r ies on the shores of the A t l a n i t c or the 
v i c i n i t y of the Casp ian Sea to the Med i te r ran ian B a s i n i n d i c a t e . T in bronze 
became known in Egypt at about 2000 B . C . 

These fo rward s teps in the h is to ry of c i v i l i z a t i o n were arduous and proceeded 
w i t h many gaps and re t rog ress ions . Thus s tee l was made in I ran as ear ly as 
1200 B . C . , but the superb s tee l swords of Japanese manu fac tu re d i d not appea 
un t i l the 12 th century A . D . L i k e w i s e , cas t i ron was f i r s t produced in Ch ina 
around 500 B . C . but not i n Europe un t i l 2000 years l a t e r . In d e v i c e t echno logy , 
one m i g h t refer to the " a u t o m a t i c t o y " b u i l t be Hero of A l e x a n d r i a in the f i r s t ' 
century A . D . that demons t ra ted the p roduc t i on of rotary m o t i o n by means of 
s t e a m j e t s a t tached to a spher ica l vesse l in to w h i c h v\«ter was f e d and hea ted . 
The s t e a m eng ines w i t h the i r many r e f i n e m e n t s in t roduced by Save ry , P a p i n , 
N e w c o m e n , and W a t t , beg inn ing around 1700 A . D . were a long t i m e in c o m i n g . 

When s c i e n t i f i c me thods were in t roduced dur ing the 17th cen tury and e x -
p e r i m e n t s began to lead the way to the es tab l i shmen t of the laws of na ture , 
the rate of progress was enormous ly acce le ra ted , and new v i s t a s were opened 
in a l l f i e l d s of endeavor . Sc ience and Technology have d o m i n a t e d our l i f e s t y l e 
e v e r s i n c e . 

* 
P resen ted at the In te rna t iona l S u m m e r Schoo l on s u b j e c t e l e c t r o n i c s m a t e r i a l s ( H e r c e g - N o v i 197i 
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A bet ter unders tand ing of m a t e r i a l s was a by -p roduc t of t h i s h i s t o r i c deve-
l o p m e n t . C h e m i s t r y , M e t a l l u r g y , and Crys ta l l og raphy now p e r m i t t e d a look 
" i n t o " m a t e r i a l s where f o r m e r l y a look "a t t h e m " had to s u f f i c e . The concepts 
of bond f o r m a t i o n based in the e lec t ron ic s t ruc ture of the e l e m e n t s , the Phase 
R u l e , a l l oy f o r m a t i o n , and the impor tance of d i s l o c a t i o n s to the s t reng th of 
m a t e r i a l s , a l l t hese had the i r impac t and c u l m i n a t e d in a body of knowledge 
that is genera l l y a s s o c i a t e d w i t h " S o l i d S ta te P h y s i c s " . Research in t h i s 
area was p r i n c i p a l l y be ing conducted at u n i v e r s i t i e s and therefore not d i rec ted 
toward a p p l i c a t i o n s in the m a t e r i a l s f i e l d . A few words about th is d i s t i n c t i o n 
are therefore in o rde r . 

2 . B A S I C A N D A P P L I E D R E S E A R C H A N D THEIR R E S P E C T I V E S U P P O R T 

VVhile the search for new m a t e r i a l s e lec t ron ic dev ices i s f requent ly p romp ted 
by a foreseen need, i t a l s o happens qu i te o f ten that unforeseen p o s s i b i l i t i e s 
present t h e m s e l v e s when the bas ic nature of m a t e r i a l s is be ing i nves t i ga ted 
w i t h o u t the s ta ted o b j e c t i v e of f i n d i n g a dev ice appi i c a t i o n . The d i s t i n c t i o n 
be tween B a s i c and A p p l i e d Research has been the sub jec t of lengthy d i s -
c u s s i o n s for many years ; bo th are obv ious ly impor tan t , and no sharp d i v i d i n g 
I ine can be d rawn between the two approaches, but it is poor pol icy to ove r -
e m p h a s i z e one over the o t h e r , except in a nat ional emergency . 

Du r ing W o r l d War I I , the s c i e n t i f i c resources , both in t e rms of manpower and 
a v a i l a b l e f a c i l i t i e s , were e f f e c t i v e l y m o b i l i z e d and d i rec ted toward a c o m m o n 
o b j e c t i v e w i t h i n the f r amework of the O f f i c e of S c i e n t i f i c Research and D e v -
e lopmen t ( O . S . R . D . ) . The work done dur ing that per iod was obv ious l y 
m i s s i o n - o r i e n t e d and e n t a i l e d m o s t l y app l ied research . A f te r the s c i e n t i s t s 
had returned to their u n i v e r s i t i e s at the end of the war , the O f f i c e of Naval 
Research ( O . N . R . ) p rov ided large s u m s to support bas i c research at many 
i n s t i t u t i o n s un t i l the Nat iona l Sc ience Foundat ion ( N . S . F . ) was organ ized in 
1950 and took over that t a s k . O r i g i na l l y funded at 9^500.000, the N . S . F . 
budget t h i s year amoun ts to 700 m i l l i o n d o l l a r s . However , e f fo r ts have been 
m a d e in recent years , to ex tend the p r imary concern w i t h bas i c research to 
" I n t e r d i s c i p l i n a r y Research Re levan t to the P rob lems of S o c i e t y " ( I R R P O S ) 
w h i c h resu l ted in a p rogram c a l l e d "Research A p p l i e d to Nat ional Needs " 
( R A N N ) that was f o r m a l l y es tab l i shed in 1971 w i t h i n NSF C R e f . S l . 
M e a n w h i l e , "The Nat iona l P o l i c y and P r i o r i t i e s for Sc ience and Technology 
A c t of 1974" (Sena te B i l l 32) was passed in the U . S . Senate las t October , 
but so far f a i l e d to ga in suppor t in the House . Senator Edward Kennedy has 
now re - i n t r oduced the B i l l in the current sess i on and hopes to get it passed 
w i t h the a l te red date l i ne of 1975. A s i m i l a r reo r ien ta t ion of research s y s t e m s 
has taken p l a c e i j i European coun t r i es , accord ing to reports prepared by the 
Organ iza t ion for E c o n o m i c Coopera t ion and Deve lopment ( O E C D ) . 

The ear l ie r f r a g m e n t a t i o n of our research e f fo r t s is thous gradua l l y be ing 
o v e r c o m e by the c rea t ion of new i n s t i t u t i o n s , a u n i f i e d sc ience p o l i c y , and a 
recas t i ng of our soc ie ta l g o a l s ^ R e f . S j . S ince these are in a large measure 
p o l i t i c a l o b j e c t i v e s , thei r r e a l i z a t i o n w i l l depend on pub l i c consensus and 
there fore take a long t i m e . 
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R e s e a r c h o n M a t e r i a l s ( ]Ref .43 has been s i m i l a r l y f ragmen ted in 
the past amd focused on the exp lo ra t i on of the proper t ies of s p e c i f i c m a t e r i a l s , 
e . g . , m e t a l s , g l a s s , c e r a m i c s , p o l y m e r s , i n un i ve r s i t y depar tmen ts and at 
a few indus t r i a l research labora to r ies where enhancement of p rocess techno-
logy was o f t e n the p r imary o b j e c t i v e . The t e r m " M a t i r i a l s S c i e n c e " w i t h i t s 
conno ta t i on of i n t e rd i sc i p l i na r y research d i d not ex i s t un t i l 20 years ago . 
There w e r e excep t i ons , to be-sure . Coopera t i ve research in m a t e r i a l s was 
be ing conduc ted at the end of Wor l d War H a t s o m e of the la rge indus t r ia l 
research l a b o r a t o r i e s , such at the P h i l i p s Labora tor ies in E i n d h o v e n , the 
General E l e c t r i c Research Laboratory in Schenec tady , and the Be l l Telephone 
Labora to r ies at Murray H i l l . There a l so e x i s t e d three or four i n t e r d i s c i p l i n a r y 
m a t e r i a l s labora tor ies at u n i v e r s i t i e s , one of the f i r s t of w h i c h was the Ins t i t u t 
for the S t u d y of M e t a l s at the Un i ve rs i t y of Ch i cago , founded by Cyr i l S tan ley 
S m i t h in 1946. 

I t was soon rea l i zed that t h i s e f fo r t was not s u f f i c i e n t to f u l f i l na t iona l needs 
both in t e r m s of the advancement of the art and in t e r m s of t r a i n i ng an ade-
quate number of graduate s tuden ts . John von Neuman , then C o m m i s s i o n e r of 
the A t o m i c Energy C o m m i s s i o n ( A E C ) , therefore proposed in 1955 that i n -
t e r d i s c i p l i n a r y labora to r ies for m a t e r i a l s research be founded in larger numbers 
The idea w a s car r ied fo rward by h i s successo rs , Herbert Yo rk , then D i rec to r 
of De fense Research and Eng ineer ing at the Depar tment of De fense ( D O D ) , 
and W i l l a r d L ibby , a C o m m i s s i o n e r at A E C . In 1958, the Advanced Research 
P r o j e c t s Agency ( A R P A ) was o rgan ized as a separate a rm of DOD and funded 
to c a r r y f o r w a r d the es tab l i shmen t of i n t e r d i s c i p l i n a r y labora to r ies at severa l 
u n i v e r s i t i e s . By 1966, t w e l v e of these were in opera t ion ; the success fu l 
l aunch ing of Spu tn ik I in 1957 no doubt was an add i t iona l i ncen t i ve for the 
v igo rous pu rsu i t of t h i s p rog ram. New b u i l d i n g s were erec ted in many c a s e s , 
expens i ve e q u i p m e n t , such as e lec t ron m i c r o s c o p e s , e lec t ron p robes , and 
spec t rog raphs , was acqu i red , and a competen t s ta f f was engaded t o a t tack 
c h a l l e n g i n g new p r o j e c t s . Professor R . A . Hugg ins , then D i rec to r of the 
I n t e r d i s c i p l i n a r y L a b o r a t o r y P r o g r a m ( IDL ) of A R P A , reported 
i n 1971 tha t the number of p h . D . degrees granted each year in m a t e r i a l s 
s c i e n c e at the 12 u n i v e r s i t i e s had gone f r o m about 100 in 1960 to be tween 
350 and 360 . E v e n ou ts i de the A R P A P r o g r a m , the number of a c a d e m i c 
i n s t i t u t i o n s in the Un i ted Sta tes g i v i n g degrees ca r ry ing the name " M a t e r i a l s 
S c i e n c e " had increased to more than 40 where there had been on ly two or 
three at the t i m e of the incept ion of the IDL P r o g r a m . 

R e s p o n s i b i l i t y for the IDL Program was a s s u m e d by the M a t e r i a l s Research 
D i v i s i o n of NSF on July 1, 1972; the labora to r ies were then renamed " M a -
t e r i a l s Research L a b o r a t o r i e s " . The Nat iona l Ae ronau t i cs and Space A d m i -
n i s t r a t i o n ( N A S A ) set up three b l o c k - f u n d e d p rograms at u n i v e r s i t i e s i n the 
1 9 6 0 ' s and the A t o m i c Energy C o m m i s s i o n ( A E C ) es tab l i shed two of these 
in the s a m e pe r i od . In add i t i on , e leven u n i v e r s i t i e s have f o r m e d analogous 
m a t e r i a l s research centers s i n c e that t i m e , so that a l together 28 centers now 
e x i s t . There is a lso be ing p lanned a M a t e r i a l s Research Laboratory f ocus ing 
on Jo i n i ng and one for P o l y m e r s [ R e f . s J . 
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M a t e r i a l s S c i e n c e a n d M a t e r i a l s E n g i n e e r i n g have in t h e 
past been looked upon as separate p u r s u i t s , so that the a g e - o l d d i s t i n c t i o n b e -
tween bas ic and app l i ed research was cont inued in a modern garb . M a t e r i a l s 
S c i e n c e had deve loped f r o m the much older d i s c i p l i n e of S o l i d 7 S t a t e P h y s i c s , 
concerned w i t h the s tudy of e l e c t r i c a l , op t ica l and magne t i c proper t ies of c r y s -
t a l l i n e s o l i d s , by broadening i t s scope to inc lude a l l p roper t ies of a l l t ypes of 
m a t e r i a l , c r ys ta l I ine or n o n c r y s t a l l i n e , conduc tors , s e m i c o n d u c t o r s , and i n s u -
l a to r s , such as g l a s s , c e r a m i c s and p o l y m e r s . A t o m i c s t ruc tu re , c h e m i c a l 
c o m p o s i t i o n , c r ys ta l h a b i t , i f any , presence or absence of d e f e c t s , and su r face 
tex tu re were of p r i m e concern when charac te r i z ing a m a t e r i a l , but the m e t h o d s 
used for p roduc ing the ma te r i a l and thei r p o s s i b l e e f f ec t s on resu l t i ng p roper -
t i e s were f requent ly not f u l l y cons ide red . Th is aspect was le f t to the M a t e r i a l s 
Engineer who concerned h i m s e l f w i t h a p p l i c a t i o n s . Such a separa t ion of a s -
s i g n m e n t s con t rad ic ted the concept of a un i f i ed approach to m a t e r i a l s research , 
s i n c e m e t h o d s of f ab r i ca t i on can have a profound e f fec t on m a t e r i a l s p r o p e r t i e s . 
In recogn i t i on of t h i s s ta te of a f f a i r s , the Depar tment of M e t a l l u r g y and M a -
t e r i a l s S c i e n c e at M . l . T . has j u s t been renamed "Depar tmen t of M a t e r i a l s 
S c i e n c e and M a t e r i a l s E n g i n e e r i n g " . S i m i l a r changes of names of depar tmen ts 
i n u n i v e r s i t i e s have taken p lace in the U . S . dur ing the past several y e a r s . 

The o r ig ina l c rea t i on of i n te rd i sc ip l i na ry m a t e r i a l s labora tor ies at u n i v e r s i t i e s 
ra ised se r ious p rob lems of o rgan iza t i on and a d m i n i s t r a t i o n , s i nce l o n g - e s t a -
b l i s h e d boundar ies between depar tments had to be c rossed and new c u r r i c u l a 
be dev ised to f i t the new requ i remen ts . A s po in ted out in the N A S Report 
{ R e f . S j , the a c a d e m i c c o m m u n i t y has t r ad i t i ona l l y res i s ted i n t e r d i s c i p l i n a r y 
and app l ied research; i ts reward s t ruc tu re is s t rong ly t i l t e d toward the d i s -
c i p l i n e s , and fund ing agenc ies have favored the convent ional approach. S t rong 
e f f o r t s are therefore underway toward break ing these pat te rns of o rgan i za t i on 
and lead ing the way to an in tegrated s y s t e m of soc ie ty and techno logy . 

P ro fess iona l s o c i e t i e s have become aware of th i s t rend and, in s o m e c a s e s , 
have rev ised thei r charter to a l l o w for the i nc lus ion of soc ia l ques t i ons , rather 
than e x c l u s i v e l y techn ica l ones , in their p u b l i c a t i o n s . A n e f for t i s a l so under -
way to reduce the large number of p ro fess iona l soc ie t i es that are concerned 
w i t h m a t e r i a l s , so that the ind iv idua l m a t e r i a l s engineer has a bet ter chance 
to f o l l o w the i r p r o g r a m s . A f te r a pro longed s tudy , i n i t i a t ed by Nathan E . 
P r o m i s e l , D i rec tor of the Nat iona l M a t e r i a l s A d v i s o r y Board, a Federat ion of 
M a t e r i a l s S o c i e t i e s has been f o rmed , and t h e m a j o r i t y of the app rox ima te l y 
35 s o c i e t i e s concerned w i t h m a t e r i a l s have jo ined th i s Federa t ion , so that 
dupl i ca t i on of e f fo r t can be avo ided . 

T e c h n o l o g y a n d S o c i e t y . We are accus tomed to th ink of techno logy 
p r i m a r i l y in t e r m s of m a c h i n e s , manu fac tu r i ng techn iques , and the p rocess ing 
of raw m a t e r i a l s p rov ided by nature . In th i s sense, technology produces 
a r t i f a c t s that pe r fo rm usefu l f unc t i ons and that can be so l d in the marke t p l a c e , 
i f they s a t i s f y an e x i s t i n g need. In a broader sense, the t e rm technology a l so 
inc ludes the in t roduc t ion of new methods by wh i ch ce r ta in tasks can be m o r e 
s i m p l y per fo rmed and the s o l u t i o n of c o m p l e x p rob lems made e a s i e r . The 
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i n ven t i on of doub le -en t r y bookkeep ing , for e x a m p l e , had a ma rked in f luecne 
on the e f f e c t i v e d i s t r i b u t i o n of goods and se rv i ces af ter the onset of the i n -
dus t r i a l r e v o l u t i o n . In more recent t i m e s , adve r t i s i ng and m a r k e t i n g techn iques 
have s i m i l a r l y a f f ec ted these edeavors . In s o m e f i e l d s , for e x a m p l e , i n the 
p r i n t i n g i n d u s t r y , e lec t ron ic p rocess ing i s m a k i n g heavy inroads on l ong -
e s t a b l i s h e d procedures and i s threaten ing to rep lace t h e m . C o m p u t e r - a i d e d 
des ign and educa t ion are p rov id ing new ins igh ts in to the i n t r i ca te processes 
of c rea t i on and lea rn ing . Technology thus inc ludes " h a r d " t o o l s , such as the 
p l o w , the d r i l l p ress , and the a i rp lane , as we l l as " s o f t " toohs, such as p ro-
duc t i on s c h e d u l i n g procedures and computer p r o g r a m s - i n other wo rds , the 
gamut of p rac t i ca l med ia by wh i ch m a n pu rpose fu l l y in terac ts w i t h h i s en-
v i r o n m e n t to s a t i s f y h i s needs . 

Th is i n t e rac t i on of technology and soc ie t y is a d y n a m i c p rocess in wh i ch 
one or the other may push or p u l l . If technology pushes too hard , as has o f t en 
been the c a s e , s o c i e t y may not be ready to y i e l d and accept the rap id adyances . 
D i s l o c a t i o n s are then created to a l l ow an in terp lay of con t raven ing s t r esses , 
but t h i s can be a pa in fu l p rocess . On the other hand, soc i e t y has needs for 
w h i c h new techno logy cou ld prov ide a s o l u t i o n . Th is p o s s i b i l i t y is o f ten not 
recogn ized ; indeed, there e x i s t s in our t i m e a tendency to b l a m e technology 
for a l l t he i l l s of soc ie ty and to prevent i t s fur ther d e v e l o p m e n t . 

Un fo r t una te l y , too many examp les can be c i t e d where the uncon t ro l l ed 
expans ion of techno logy has led to d i re consequences . The p o l l u t i o n of our 
r i ve rs and lakes and that of the a tmosphere is the resu l t of unmind fu l dump ing 
of was te p roduc t s , the excess i ve use o f p e s t i c i d e s and f e r t i l i z e r s , and the 
d i scharge of the by -p roduc ts of c o m b u s t i o n , both f r o m s m o k e s t a c k s and 
exhaust p i p e s . These ma t te rs are now the concern of the Env i ronmen ta l P r o -
t e c t i o n Agency and shou ld be great ly a l l e v i a t e d in the f u tu re . But we w i l l 
have to pay a p r i c e for the control m e a s u r e s . Hav ing ach ieved i n d u s t r i a l i z a t i o n 
and the a f f l uence that f l o w s f r o m i t , we can no doubt a f fo rd i t . When we con -
s i d e r , however , that two th i rds of human i t y are s t i l l s t r i v i n g to improve their 
l i v i n g c o n d i t i o n s by adopt ing i n d u s t r i a l i z a t i o n , we m u s t rea l i ze that they w i l l 
not pay m u c h a t t en t i on to the a t tend ing p o l l u t i o n of the env i ronmen t that seems 
to be an unavo idab le by -p roduc t . On a g lobal s c a l e , p o l l u t i o n i s therefore 
I i ke l y to i nc rease . 

These ques t ions were d i scussed at length a m o n g de legates f r o m 114 coun t r ies 
at the U n i t e d N a t i o n s C o n f e r e n c e o n t h e H u m a n E n v i r o n m e n t 
he ld in S t o c k h o l m , Sweden, June 5 to 16, 1972.The agenda for the Conference 
had been c a r e f u l l y prepared in a ser ies of p r e l i m i n a r y d i s c u s s i o n s held over 
a per iod of severa l years and the gather ing of repor ts f r om expert consu l tan ts 
i n 58 coun t r i es w h i c h were condensed in an in te res t ing book e n t i t l e d O n l y 
O n e E a r t h under the ed i to rsh io of Barbara Ward and Rene Dubos C R e f . 6 } . 
M a u r i c e F S t rong , a Canadian i n d u s t r i a l i s t , was the Cha i rman of the Confe rence . 

In wou ld have benn na ive to expect a consensus of op in ion on the v i t a l * 
ques t i ons that a f f ec t the g loba l env i ronment f r o m such a d i v e r s i f i e d body of 
rep resen ta t i ves ; the i r parochia l in terests were too far apart to p e r m i t any 
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u n i f i e d a c t i o n . Indeed, the de lega tes spent much of the i r t inne on n a t i o n a l i s t i c 
t r i v i a l i t i e s . B u t , as An thony Lew is po in ted ou t , the very fac t that the Con -
ference was he ld shows that concern for the env i ronment has entered the po-
l i t i c a l conscu iousness of the wo r l d and that i t i s go ing to s tay the re . A number 
of p o s i t i v e ac t i ons were taken, such as the d e c i s i o n to e s t a b l i s h in In te rna t iona 
conven t ion on mar i ne d u m p i n g , to dec lare to 10-year m o r a t o r i u m on w h a l i n g , 
and to set up a g lobal a tmospher i c m o n i t o r i n g s y s t e m c o m p r i s i n g 100 s t a t i ons 
to measu re a i r p o l l u t i o n . It was a lso dec ided to create a Govern ing Counc i l 
for Env i ronmen ta l P rog rammes ( G C E P ) charged w i t h the r e s p o n s i b i l i t y to 
carry forward the p lans endorsed by the Con fe rence . This a c t i v i t y was later 
funded in the amount of 9i100 m i l l i o n for the next f i v e years by the m a j o r d e v e l -
oped na t ions ; the Un i t ed S ta tes was to con t r i bu te up to 9^40 m i l l i o n . The 
Headquarters of G C E P is be ing es tab l i shed in N a i r o b i , Kenypi, far removed 
f r o m other Un i ted Na t ions Centers in the W e s t ; t h i s cho ice in i t se l f was a con -
s ide rab le concess ion to underdeveloped n a t i o n s . It Is a lso notewor thy that 
the v i t a l ques t ions of popu la t i on contro l and dep le t i on of natural resources 
were not on the agenda In S t o c k h o l m . 

T e c h n o l o g y A s s e s s m e n t . The m a n y s tud ies desc r ibed in the p reced ing 
pages c lea r l y show that techno logy is a d r i v i ng fo rce that c o n t i n u a l l y ac t s on 
soc ie t y and br ings about changes in our ways of do ing th ings and in our expec -
ta t i ons for the f u tu re . It has a l so been shown that harmfu l e f f ec t s may resu l t 
f r o m an I n d i s c r i m i n a t e adopt ion of techno logy and that s o m e of these may not 
show up unt i l we have indu lged in it for a long t i m e . What i s c l ea r l y needed 
i s an "ea r l y warn ing s y s t e m " by wh i ch harmfu l e f f ec t s of techno logy can be 
f o r e t o l d before it Is too l a te to take cor rec t i ve a c t i o n . 

Technology Forecas t ing and Technology A s s e s s m e n t [ [Re f ,?^ thus became 
in inc reas ing pub l i c concern In about 1965 when books on these sub jec t s began 
to appear and conferences were organ ized to d i s c u s s the i ssues i n v o l v e d . 
E f f o r s t to es tab l i sh an O f f I c e o f T e c h n o l o g y A s s e s s m e n t (OTA) 
in the government were i n i t i a t e d by Senator E d m u n d M u s k i e and then by Repre -
sen ta t i ve E m i l i o Q . Daddar io in 1 9 6 7 . E x t e n s i v e hear ings were he ld before the 
S u b c o m m i t t e e on S c i e n c e , Research and Deve lopmen t of the House C o m m i t t e e 
on S c i e n c e and Ae ronau t i cs in the ensu ing yea rs , and a B i l l ( H . R . 10243) 
was f i n a l l y passed in February 1972. In i t s f i n a l f o r m , the P r e a m b l e to the 
B i l l con ta ins the f o l l o w i n g h i g h l i g h t s : 

- E m e r g i n g nat iona l p rob lems in the p h y s i c a l , b i o log i ca l , and soc ia l d o m a i n s 
are of such a nature and are deve lop ing at such an unprecedented rate as to 
c o n s t i t u t e a ma jo r threat to the secur i t y and general we l f a re of the Un i t ed 
S t a t e s . 

- It i s therefore impe ra t i ve that Congress equ ip i t se l f w i t h new and e f f e c t i v e 
m e a n s for secur ing c o m p e t e n t , unb iased i n f o r m a t i o n concern ing the e f f e c t s , 
p h y s i c a l , e c o n o m i c , s o c i a l , and p o l i t i c a l , of the app l i ca t i ons of techno logy , 
and that such i n f o rma t i on be u t i l i z e d whenever appropr ia te as one e lemen t in 
the l e g i s l a t i v e assessmen t of ma t te rs pend ing before the Congress . 
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A s approved by the Sena te -House Conference Report i n September 1972, 
the Technology A s s e s s m e n t A c t of 1972 v r̂as s igned by the P res iden t on Oc to -
ber 13, 1972 and became Pub l i c Lav /̂ 9 2 - 4 8 4 . OTA prov ides for a 1 2 - m e m b e r 
Technology A s s e s s m e n t Board ( T A B ) composed of s i x Senators and s i x 
Congressmen , w i t h equal representa t ion of Repub l i cans and D e m o c r a t s . The 
D i rec to r of OTA, M r . E . Q . Daddar io , is a nonvo t ing m e m b e r of TAB and 
se rves for a s i x - y e a r t e r m . Senator Edward Kennedy was C h a i r m a n of the 
Board dur ing the f i r s t year of operat ion and R e p . Char les A . Mosher took h i s 
p l a c e in January 1975. In add i t i on , a 12 member Pub l i c A d v i s o r y Counc i l 
insures a l l segmen ts of the pub l i c an oppor tun i ty to be heard . 

OTA has a s ta f f of about 50 people and c a l l s on 200 consu l tan ts in i t s 
p repara t ion of reports s u b m i t t e d to the Congress . S i x ma jo r areas have been 
se lec ted for s t u d y : Transpor ta t ion , M a t e r i a l s , Oceans, Food, Energy , and 
In ternat ional Technology Transfer . In the c o m i n g year ( F . Y . 1976) , the a p -
propr ia ted funds amount to 6 1 /2 m i l l i o n d o l l a r s . 

It i s d i f f i c u l t to foresee what impac t OTA w i l l have on fu tu re l e g i s l a t i o n 
a f f e c t i n g t echno logy . E s s e n t i a l l y , i t p rov ides the Congress w i t h an i n f o r m a t i o n -
gather ing agency that is not sub jec t to the d i c t a t es of the W h i t e House. But 
TAB w i l l have to re ly on reports f r om ou t s i de eva lua to rs * whose va lue j u d g m e n t 
i s bound to in f luence thei r r e c o m m e n d a t i o n s . In s p i t e of a l l good i n t en t i ons , 
f i na l dec i s ions are l i k e l y to be governed by p o l i t i c a l cons ide ra t ions and not 
by the s t r i v i n g toward nat ional , or w o r l d - w i d e , goa ls that have not as yet been 
def i ned . 

M e a n w h i l e , an I n t e r n a t i o n a l S o c i e t y f o r T e c h n o l o g y A s s e s -
s m e n t ( I T S A ) was fo rmed in 1971 by a group of European and A m e r i c a n 
s c i e n t i s t s on the i ns t i ga t i on of A l v i n To f f l e r , the w e l l - k n o w n author of 
"Future S h o c k " . The f i r s t In ternat ional Congress of th i s o rgan iza t ion was he ld 
at The Hague. Ne the r lands , in May 1973 and was at tended by 225 persons f r o m 
20 c o u n t r i e s . A second such Conference was he ld in Tokyo in November 1974. 
ISTA i .Re f .8 ] pub l i shes T h e T e c h n o l o g y A s s e s s m e n t J o u r n a l and 
a quar ter ly News le t te r "TA U p d a t e " , an i nva luab le source of i n f o rma t i on on 
recent develo^aments in t h i s f i e l d . It is ev iden t that there i s a w idespread 
in teres t in TA in many count r ies of the w o r l d , a l though no f o rma l governmenta l 
i n s t i t u t i o n s have been f o rmed ou ts ide the U S A . W i t h i n the U . S . , there even 
e x i s t s a group that assesses the a s s e s s m e n t s of OTA. 

The papers to be presented at t h i s Conference on M a t e r i a l s in E l e c t r o n i c s 
are not l i k e l y to be concerned w i t h Fu tu ro logy , but a recent a r t i c l e by Laud ise 
and Nassau [ R e f . 9 ] o f fe rs some specu la t i ons on what the fu tu re may ho ld in 
s to re in t h i s par t i cu la r a rea . S ince the authors are not present at the Con-
fe rence , s o m e of their fo recas ts w i l l be s u m m a r i z e d w i t h the i r p e r m i s s i o n . 

F i r s t of a l l , I shou ld l i ke to show you the E lec t r on i c M a t e r i a l s Tree, ne-
ed less to say w i t h the p e r m i s s i o n of the authors and that of Ed i to r of "Tech -

* Research Cont rac ts tend to range f r o m $ 200 .000 to $ 5 0 0 . 0 0 0 , as recent ly 
repor ted in "The New York T i m e s " (9 June 1975 ) . There i s a s m a l l but 
g row ing Technology A s s e s s m e n t Indus t ry . 
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Fern tes; 
• Silicon and 

Germanium 
Transistor 

I I 
Synthesis ot solid state ttieones 

Dielectric studiers. 
on waxes and 
polimers 

Early magnetic studies 

Quartz and natural 
piezoelectncs 

Crystal 
detectors 

The E lec t ron i c M a t e r i a l s Tree, and another t ree whose branch ings are 
s o m e what m o r e con fuse r . Each m i g h t s y m b o l i z e progress in the 
i n t e rd i sc i p l i na r y f i e l d of e lec t ron i c m a t e r i a l s . The roots of the f i r s t 
t ree l i e in the bas ic sc i ences and in ear ly s tud ies of m a t e r i a l s such 
as those used in Thomas E d i s o n ' s i nven t i ons . The t runk s i g n i f i e s 
the deve lopmen t of the t r a n s i s t o r - t h e s o l i d - s t a t e dev i ce that 
superseded the v a c u u m tube . The branches represent three areas of 
current e lec t ron ic m a t e r i a l s p rogress : s e m i c o n d u c t i n g m a t e r i a l s 
more c o m p l e x than those used in ear ly t r ans i s to r s ; magne t i c m a -
te r i a l s now be ing used in computer m e m o r i e s ; and op t i ca l m a -
t e r i a l s , for use in l igh t e m i t t i n g , t r a n s m i t t i n g , and m o d u l a t i n g 
d e v i c e s . The second , and more unce r ta in , s c h e m e was drawn by 
D r . Seuss for If I Ran the Z o o , copyr igh t 1950, by D r . S e u s s . 
Repr in ted by p e r m i s s i o n of Random House, I n c . 

52 

http://rcin.org.pl



nology R e v i e w " where i t was p u b l i s h e d * . The inser t at the le f t is taken f r o m 
D r . S e u s s ' book " I f I ran the Z o o " (Random House . I n c . , 1950) and g i ves 
a graphic i s l l u s t r a t i o n of what " I n d e r d i s c i p l i n a r y Research" i s a l l about , i . e . , 
a l ock ing of ho rns . 

The m a i n tree has i t s roots in the ear ly deve lopmen ts around the turn of the 
contury that produced Crysta l De tec to r s , S e l e n i u m R e c t i f i e r s , Quartz 
O s c i l l a t o r s , P i e z o e l e c t r i c s , d i e l e c t r i c and ear ly magne t i c s t u d i e s . There 
then f o l l o w e d a per iod dur ing wh i ch theor ies of the s o l i d s ta te were s y n t h e s i z e d . 
The names of M o t t , W i l s o n , Fraenke l , Tay lo r , and Cot t re l l c o m e to m i n d . 

The t runk of the t ree represents work on f e r r i t es and the deve lopmen t of 
g e r m a n i u m and s i l i c o n t rans is to rs in the la te 1 9 4 0 ' s . F rom then on , numerous 
branches emerge that are su i t ab l y l abe led to i nd i ca te the p ro l i f e ra t i on of 
semiconduc to r m a t e r i a l s to su i t spec ia l a p p l i c a t i o n s , such as l i gh t e m i t t i n g 
d i o d e s , magne t i c m e m o r i e s , l o w - l o s s op t i ca l wave gu ide f i b e r s , and m a n y 
o the rs . 

In l ook i ng to the fu tu re , Laud ise and Nassau enumera te f i e l d s of app l i ca t i on 
where subs tan t ia l advances in e lec t ron i c m a t e r i a l s are ca l l ed f o r , i . e . , h i g h -
e f f i c i e n y l igh t sources , op t i ca l c o m m u n i c a t i o n s , s u p e r - l a r g e - s c a l e in tegra ted 
c i r c u i t s , h i gh - t empera tu re superconduc tors , l o w - p o l l u t i o n energy sources , and 
o the rs . 

A s Gatos R e f . i o j has po in ted out in a sweep ing rev iew of e lec t ron ic 
d e v i c e s , and that of techno logy in genera l , depends on an in terp lay of the 
bas i c unders tand ing of the under l y ing phys ica l e f fec t and the a b i l i t y to p r o d u c e 
the requ i red m a t e r i a l s w i t h the needed pur i t y and m i c r o s t r u c t u r e . In now 
appears that the bas ic e f f ec t s are s u f f i c i e n t l y we l l understood in mos t c a s e s , 
but the mas te ry of m a t e r i a l s technology w i l l de te rm ine the rate of progress 
in t h i s f i e l d . 

In s u m m e r i z i n g the content of the remarks made in t h i s paper and f o r -
t i f y i n g s o m e observa t ions in the p rocess , the f o l l o w i n g h i g h l i g h t s m a y 
be l i s t e d : 

M a t e r i a l s have been, and r e m a i n , an impor tan t ingredient of the o rgan iza t ion 
of human s o c i e t y . 

W h i l e the emphas i s has been on the c o n s u m p i t o n of m a t e r i a l s f r o m an 
apparent ly u n i l i m i t e d supp ly in the pas t , i t is now be ing rea l i zed that c o n -
se rva t i on and recyc l i ng of m a t e r i a l s is becom ing inc reas ing ly i m p o r t a n t . 
Th is s h i f t of emphas i s w i l l a f fec t our l i f e s t y l e and requi res government 
regu la t i on and the recas t ing of government i n s t i t u t i o n s . 

*«Tho E v o l u t i o n of Semiconduc to r E l e c t r o n i c s " was dep ic ted in the f o r m of 
a s i m i l a r tree by K a w a k a m i and Takahashi of Tokyo Un i ve rs i t y of Technology 
i n 1965 ( "E lec t ron i c I n d u s t r i e s " . February 1965, p . 7 2 ) . A s t i l l ear l ie r sapl ing 
was drawn by wh i t e in the S e p t . 1952 issue of " E l e c t r o n i c s " , p . 9 8 . 
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Epitaxial Tr 
1960 

TFT 
1962 

Heterojunction^ 
Diode 
1960 

•MOS Tr 
1962 

Thermoelectric-
Generator 1958 

Jhermoelectric -
Refrigerator 

1957 
Hall 

i Generator 
1954 

Oscillistor 
1962 

Epitaxial Growth 
1960-

Dendntic Growtl 
1957 Leveling 

1952 
Crystal Pulling 

1946 Tunnel Effect 
Solid State Physics Junction Theory 

1949 

Contact Effect 
1923 

Surface Effect 
1935 

S E M I C O N D U C T O R 
GENEALOGY 
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S ince s u b s t i t u t i o n of new ma te r i a l s whose bas ic ingred ients are more 
p l en t i f u l i s one approach to a l l e v i a t i n g the e x c e s s i v e use of scarce m a t e r i a l s , 
research on m a t e r i a l s f u l f i l l s an impor tan t ro le that m u s t not be neg lec ted . 

The i n t e rd i sc i p l i na r y approach of Ma te r i a l s Sc ience and M a t e r i a l s E n g i n e -
er ing i s we l l su i ted to e luc ida te the fundamenta l p r i nc i p l es that under l i e the 
p roper t ies of a l l types of ma te r i a l and thereby open the way to new a p p l i c a -
t i o n s . 

New techno log ies shou ld be ca re fu l l y assessed by an impa r t i a l body of 
expers ts d rawn f rom many f i e l d s to insure that the impac t of such techno-
log ies on soc ie ty is c o m p a t i b l e w i t h the s ta ted objectives of resource and 
energy conserva t ion and the p reserva t ion of a hea l ty e n v i r o n m e n t . 

In ternat iona l cooperat ion in a l l these endeavors is h igh ly des i rab le , i f not 
e s s e n t i a l . W h i l e the exchange of s c i e n t i f i c i n f o rma t i on on m a t e r i a l s is we l l 
e s t a b l i s h e d , the ma in tenance of an adequate supply of raw m a t e r i a l s to a l l 
na t ions and the contro l of p o l l u t i o n in the a i r , on land, and in the oceans 
c a l l for m u c h increased in te rnat iona l c o l l a b o r a t i o n . 
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