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T h e  f o l l o w i n g  m a t e r j a l s  d e s c r i b e  a n  i n v e n t i o n  p o t e n t i a l l y  c a p a b l e

o f  t u p p l y i n g  c o m p l  e t e  h o m e ,  c o m m e r c i a l  a n d  i n d u s t r i a l  e l e c t r i c a l

n ! e C s  h e r e t o f o r e  j u d g e d  i m p o s s i b l e  w i t h  p r e s e n t  d a y  a l t e r n a t i v e

r n c r g y  t e c h n o l o g i e s .  T h e  i n v e n t i o n  i s  d e s c r i b e d  j n  d e t a i l  t o

t c q u a i n t  t h e  r e v j e w e r  w i t h  i t s  p o t e n t i a l  p o w e r - e f f i c i e n c i e s  a n d

y t r l e d  c o n n e r c i a l  u s e s .  A  p l a n  f o r  d e v e l o p m e n t  i s  o u t ' l  i n e d ,

I n c l u d i n g  p r o j e c t e d  c a p j t a l  r e q u i r e m e n t s ,  p r o p o s e d  f o r m  o f  b u s i n e s s

t t r u c t u r e  a n d  i n v e s t m e n t  s t r a t e g i e s .

I n  a d d i t i o n ,  a  t h o r o u g h  s u m m a r y  o f  t h e  i n v e n t i o n ' s  h i s t o r y

I n C  e v a l u a t i v e  p r o c e s s  i s  p r o v i d e d  a l o n g  w i t h  r e l e v a n t  q u o t e s

l r o n  l t s  r e v i e w e r s ,  f o l I o w e d  b y  i n f o r m a t i o n  o n  t h e  P a t e n t  r j g h t s ,

r ! l a t i o n s h i p  w i t h  t h e  i n v e n t o r  a n d  s h o r t  b i o g r a p h i e s  o f  t h e

InYen to r  and  p resen t  au tho r .

T h e  a p p e n d i c e s  a r e  i n c l u d e d  t o  s u b s t a n t i a t e  t h e  e x t e n s i v e

a icun t  o f  de ta i l ed  s tudy  and  resea rch  comp ' l  e ted  to  da te  on  the

I n v e n t i o n .
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STATEMENT OF PURPOSE

A  g e n e r a l  a n d  w i d e s p r e a d  c o n s e n s u s  e x i s t s  t o d a y  r e g a r d i n g  t h e

u r g e n t  n e e d  f o r  a  n o n - p o l 1 u t i n g ,  i n e x p e n s i v e  s o u r c e  o f  a l t e r n a t i v e

energy .

Many  t ypes  o f  a l t e rna t i ve  ene rgy  dev i ces  ex i s t  on  the  marke t

t o d a y .  N o n e ,  h o w e v e r ,  o f f e r  t h e  p o t e n t i a l  l y  h i g h  e f f i c i e n c i e s  a n d

l o w  m a t e r i a l s  c o s t ,  n o r  t h e  v a s t  a r r a y  o f  c o n m t e r c i a l  a n d  i n d u s t r i a l

u s e - p o s s i b i l  j t i e s  a s  t h e  d e v i c e  d e s c r i b e d  h e r e j n .

I n  o r d e r  t o  s u p p o r t  a n d  e x p e d i t e  t h e  w i d e s p r e a d  a n d  r a p . i d  u s e

o f  so f t  ene rgy  techno logy  i n  ou r  soc ie t y ,  we ,  t he  Energy  Sys tems

D e v e l o p m e n t  C o r p o r a t i o n ,  a r e  d e v e l o p i n g  t h e  d e v i c e  d e s c r i b e d  j n  t h i s

paper  th rough  p ro to type  comp l  e t i on  and  even tua  l  p roduc t i on .  We

t h e r e f o r e  r e q u e s t  y o u r  c a r e f u l  e x a m i n a t i o n  o f  t h e  p r e s e n t  m a t e r i a l  s .

A  s u b s t a n t i a l  n u m b e r  o f  s c i e n t i s t s  a n d  e n g i n e e r s  j n v o l v e d  i n

t h e  p h o t o c e l l  a r e a  b e l i e v e  t h e  p r e s e n t  s o l a r  d e v j c e  w a r r a n t s  i m m e d i a t e

a n d  t h o r o u g h  a t t e n t i o n  t o w a r d  p r o t o t y p e  c o n s t r u c t j o n  a n d  t e s t i n g .

P r e s e n t l y  s t a n d i n g  b y  a r e  a  n u m b e r  o f  h i g h l y  q u a l  i f j e d  s c i e n t i s t s

a n d  t e c h n j c i a n s  w i l l  i n g  t o  a p p l y  t h e i r  s k i l l s  t o w a r d  p r o t o t y p e  c o m -

p l  e t i o n  a n d  t e s t i  n g .

T h i s  p r e s e n t  e f f o r t  r e p r e s e n t s  t h e  l a s t  s t e p  i n  y e a r s  o f  r e s e a r c h

o n  t h i s  c o n c e p t .  B a s i c  r e s e a r c h  a n d  g r o u n d w o r k  h a v e  b e e n  c o m p l e t e d  w h i c h

i n d i c a t e  t h a t  t h i s  d e v i c e  w i l 1  b e  p r o v e n  f u l l y  p r a c t i c a l  .  S u c c e s s

o f  t h e  r e m a i n i n g  e f f o r t  o f  p r o t o t y p e  c o m p l e t i o n  m a y  b e  o n e  o f  t h e

m o s t  p o w e r f u l  s t e p s  w i t h i n  t h i s  c e n t u r y  t o w a r d  ' i m p r o v i n g  t h e  q u a l i t y

o f  I  i f e  o n  o u r  p l a n e t .

I t  i s  w i t h i n  t h i s  s p i r i t  t h a t  w e  r e q u e s t  y o u r  c a r e f u l  a n d  t h o r o u g h

s t u d y  o f  t h e s e  m a t e r i a l  s .
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T H E  I N V E N T I O N :BACKGROUND ANO EXPLANATION

T h e  i n v e n t i o n ,  t e r m e d  a  R e v e r s i b l e  E n e r g y  F l u c t u a t i o n  ( R E F )

C o n v e r t e r  b y  i t s  i n v e n t o r '  J o s e p h  C '  Y a t e r ,  f i r s t  a p p e a r e d  j n  s c ' i e n -

t i f i c c i r c . l e s o c t o b e r ' . l 9 7 4 , i n a n a r t i c ] e p u b l i s h e d . i n P h y s i c a l

R e v . i e w .  c o n s j d e r e d  o n e  o f  t h e  m o r e  w e l l - r e s p e c t e d  s c i e n t i f i c  j o u r n a l s

i n  t h e  p h y s i c a l  s c i e n c e s '  I n  t h i s  a r t i c l e  0 r '  Y a t e r  e x p l a i n s  i n  d e t a i l

t h e  p h y s i c a l  a n d  m a t h e m a t i c a l  b a s j s  f o r  t h e  i n v e n t j o n ' s  m e c h a n i c s '

e f f i c i e n c y  q u o t i e n t s  '  d e s i g n  d i m e n s i o n s ,  p o w e r - o u t p u t  p o t e n t i a l  '

e t c .  T h i s  a r t i c l  e  i s  a t t a c h e d  a s  A p p e n d i x  A  f o r  t h e  r e v i e w e r ' s

i n t e r e s t .  A  m o r e  g e n e r a l  a n d  u p d a t e d  d e s c r i p t i o n  o f  t h e  R E F  C o n -

v e r t e r  i s  s u p p l  i e d  a s  A P P e n d i x  B .

I n a s m u c h  a s  f l u c t u a t i o n  v o l t a g e  j s  b a s j c  t o  t h i s  i n v e n t ' i o n '  a

b r i e f  d i s c u s s i o n  o f  s u c h  w o u l d  b e  u s e f u l  h e r e '  I n  i t s  f a m i l  i a r  f o r m '

f l u c t u a t j o n  v o l t a g e  j s  c o n s j d e r e d  a n  u n f o r t u n a t e  o c c u r r e n c e '  b e i n g

t h e  s o u r c e  o f  a m o l i f i e r  n o i s e  w h i c h  l i m i t s  t h e  s e n s i t i v i t y  o f  a l l

e l e c t r o n i c  a m p l  i f i e r s ,  i n c l u d i n g  r a d i o  a n d  T V  r e c e i v e r s  '  I n  a  s o l  j d

s t a t e  d i o d e  i n  w h i c h  t h e  e l  e c t r o n s  a r e  s e p a r a t e d ,  a n  e l e c t r j c a l

p o t e n t j a . l  b a r r i e r  e x i s t s .  D u e  t o  t h e r m a l  e n e r g y  t h e  e l e c t r o n s  a r e

m o v i n g  a b o u t ,  c o l l i d i n g  w i t h  t h e  w a 1 1 s ,  e a c h  o t h e r ,  a n d  w i t h  t h e

P o t e n t j  a l  b a r r j e r .

0 c c a s i o n a l 1 y  i n  t h e i r  c o l l i s i o n s ,  a  p e r c e n t a g e  o f  t h e  e l e c t r o n s

g a i n  e n o u g h  e n e r g y  t o  c r o s s  t h e  b a r r j e r .  F l u c t u a t j o n  v o ' l  t a g e  e n e r g y

t h e n  j s  d e f i n e d  a s  t h e  j n s t a n t a n e o u s  v o l t a g e  d i f f e r e n c e  a c r o s s  a

p a r t i t i o n  ( p o t e n t i a l  b a r r i e r )  c r e a t e d  b y  a n  u n e q u a l  c h a n g e  i n  t h e

n u m b e r  o f  e l e c t r o n s  o n  e a c h  s i d e  o f  t h e  p a r t i t i o n .  S i m i l a r  f l u c t u a t l o n

e n e r g y  o c c u r s  w j t h  r e s i s t o r s  a n d  o t h e r  e l e c t r i c a l  c i r c u i t  c o m p o n e n t s  '
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The purpose o f  th is  invent ion  is  to  e f f  i c ' ien t ly  conver t  th ls

f l u c t u a t i o n  e n e r g y  v o l t a g e  r e s u ) t i n g  f r o m  t h e  h e a t e d  e l e c t r o n  m o t i o n

to  a  use fu l  ,  cos t  e f f i c jen t  fo rm o f  ou tpu t  power '  The heat  requ i red

to  inc rease the  e lec t ron  mot ' ion  ac t iv i t y  can  be  supp l ied  by  numerous

S o u r c e s .  T h e  m o s t  a b u n d a n t ,  l o w  c o s t '  a n d  n o n . p o l l u t j n g  s o u r c e  o f

h e a t  f o r  g e n e r a l  p u b l i c  p u r p o s e s  i s  s o l a r  e n e r g y '  I n  a d d i t j o n '  t h i s

d e v i c e  h a s  e q u a l  i f  n o t  u n l i m i t e d  p o t e n t j a l  j n  t h e  I n d u s t r i a l  a n d

Conmerc ia l  sec tors  o f  our  soc ie ty  (d iscussed in  Indus t r ja l  App ' l  i ca -

t i  ons  sec t i  on  )  .

R e s e a r c h  i n t o  d e v i c e s  s i m i l a r  t o  t h e  R E F  C o n v e r t e r  w a s  f i r s t

i n i t i a t e d  d u r i n g  t h e  t u r n  o f  t h i s  c e n t u r y '  I n  l 9 1 5  t h e  c o n c e p t  o f

the  thermion ic  energy  conver te r  was  f i rs t  suggested '  a  c rea t jve  dev ice

us ing  h igh  heat  sources  to  conver t  thermal  energy  to  e lec t r i c  energy

by  means o f  re lease o f  f ree  e lec t rons '  Cont inued exper imenta l  and

t h e o r e t i c a l  j n v e s t i g a t i o n  o n  d e v i c e s  o f  t h i s  n a t u r e  e v e n t u a l l y  1 e d

to  deve lopment  o f  the  photovo l ta ic  o r  so la r  ce l l  '  These two inven-

t i o n s r e p r e s e n t t h e m o s t c o r r m o n a n d e x t e n s i v e l y i n v e s t . i g a t e d d e v j c e s

to  da te  fo r  conver t ing  thermal  energy  d i rec t l y  in to  e lec tn ic  energy '

The present  s ta te -o f - the-ar t ,  however ,  has  been l jm j ted  in  ach iev ing

h ighes t  e f f  i c  jenc ' ies  o f  l5 i  fo r  thermion ic  conver te rs  and l6% fo r

s i l i c o n  s o . ]  a r  c e l . l s .  I n  a d d , j  t j o n  t o  t h e s e  l i m i t a t i o n s  o n  e f f j c i e n c t e s '

the  te txpera ture  range over  wh ich  these dev ices  can work  represents  a

severe ly  res t r j  c ted  I  jm i  t .

The present  invent ion ,  the  REF Conver te r '  apparent ly  removes

t h e s e  l i m i t a t i o n s  a l o n g  w i t h  p r o v i d i n g  o t h e r  j m p r o v e m e n t s  i n  t h e

per fo rmance o f  the  d i rec t  convers  ion  o f  thermal  to  e lec tmc energy '
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T h e  b a s i c  d e s i g n  o f  t h e  R E F  c o n v e r t e r  i s  t o  f l r s t  c o n v e r t  i n -

c o m i n g  h e a t  i n  a n y  f o r m  i n t o  e l e c t r j c  e n e r g y  f 1  u c t u a t i o n s  i n  t h e

h e a t e d  f i r s t  1 a y e r .  T h i s  f i r s t  l a y e r  i s  c o m p r i s e d  o f  m i c r o c i r c u i t

modu les  in  wh jch  the  res is to rs  o r  d iodes  are  exposed to  th is  thermal

a c t i v j t y ,  t r a n s l a t ' i n 9  t h j s  i n t o  f 1  u c t u a t i n g  e n e r g y '  A  c o n t i n u o u s

second l  ayer  o f  m i  c roc i  rcu i  t  capac i  to rs  coup l  e  these e l  ec t r i  ca l

vo l tage f luc tua t ions  f rom the  heated  f i rs t  layer  across  a  vacuum

thermal  bar r ie r  to  a  cont iguous  th i rd  layer  in  wh ich  arnb ien t  ( room)

tempera ture  mic roc i rcu i t  modu les  such as  d iodes  conver t  the  e lec t r i c

vo l  tage f luc tua t ions  to  d i rec t  cur ren t  e lec t r i c  energy '

T h e a v a j l a b l e e l e c t r j c f l u c t u a t i o n p o w e r o f t h e c o n v e r t e r V a r i e s

a s  a  f u n c t j o n  o f  t h e  c i r c u j t  s i z e ,  d e s i g n  v a r i a t i o n ,  a n d  t y p e  o f

s o l a r  c o n c e n t r a t o r  u t i l  i z e d .  E x t e n s i v e  e v a l u a t i o n s  a f f i r m  t h a t  w i t h

u s a g e  o f  t h e  s u b - m j c r o n  c i r c u i t  s i z e s  a s  p r o p o s e d ,  a  d e v j c e  o n e  s q u a r e

m e t e r  i n  s i z e  c o u l d  m a k e  a v a i l a b l e  b e t w e e n  l 0  a n d  
' l 0 0  k i l o w a t t s  o f

d i rec t  cur ren t  e lec t r i ca l  pov /er  per  hour ,  depend jng  on  the  ava i lab ' le

so la r  rad ian t  energy  and type o f  concent ra to r  used '  Th ' i s  ' i s  cer ta in ly

much la rger  than any  present  known needed prac t ica l  app l i ca t ion '

whether  fo r  home or  smal l  conunerc ia ' l  use .

I n  a d d j t i o n ,  a s  a  r e s u l t  o f  t h e  i n h e n e n t  b a s j c  d e s i g n  o f  t h e

conver te r  and i t s  ab j l  i t y  to  u t i l i ze  severa l  d iode- type sys tems '

90X+ power  convers ion  is  ca lcu la ted  fo r  any  tempera ture  and fo r  any

t e m p e r a t u r e  d i f f e r e n c e .  T h i s  c a p a b j l  i t y  m a k e s  i t  p o s s i b l e  t o  a c h r e v e

energy  independence w i thout  requ i r ing  energy  s to rage fo r  any  horne

o r  b u i l d i n g ,  w h e t h e r  o n  c l o u d y  q a y s  o r  a t  n i g h t - t i m e .
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The  key  to  the  h igh  e f f i c i ency  o f  t h j s  ' i nven t j on  i s  two fo ld .

One  aspec t  o f  t he  REF Ccnver te r  i nco rpo ra tes  a  vacuun  the rma l  ba r r i e r ,

p reven t i ng  the  occu r rence  o f  t he rma l  conduc t i on  f rom the  hea ted

vo l tage  genera to r ,  t he  f i r s t  1aye r ,  t o  t he  coo led  rec t i f y i ng  d iode ,

the  th i rd  i aye r  p roduc ing  the  d i rec t  cu r ren t  ene rgy .  Un l i ke  s i l i con

s o l a r  c e l l s ,  t h i s  i n v e n t i o n  i s  n o t  l i m i t e d  b y  t h e  h e a t  l o s s e s  r e -

su l t j ng  f rom the  d i f f us ' i on  and  the rma l  conduc t i on  p rocesses .

T h e  o t h e r  k e y  f a c t o r  f a c j l i t a t i n g  i t s  s u r p r i s i n g l y  l a r g e  p o w e n

po ten t i a l  i s  t he  impor tan t  and  fundamen ta l  aspec t  o f  f l uc tua t i on

energy  ou tpu t  o f  a  c i r cu i t  componen t  i n  t ha t  i t  j s  i ndependen t  o f

componen t  s j ze  and  number  o f  e lec t rons  i n  t he  componen t .  The re fo re ,

t h e  c i r c u i t  s i z e  o f  a  r e s i s t o r ,  f o r  e x a m p l e ,  c a n  b e  g r e a t l y  d e c r e a s e d

w i thou t  a t  t he  same t ime  dec reas ing  the  ava i l ab le  f l uc tua t i on  power

o f  t h i s  c i r c u i t  c o m p o n e n t .  G i v e n  p r e s e n t  m i c r o c i t ' c u i t r y  t e c h n i q u e s ,

a  c i r c u i t  c o m p o n e n t  c o u l d  t h e o r e t i c a l l y  b e  r e d u c e C  i n  s i z e  t o  o n l y

a  f e w  e l e c t r o n s  a n d  w o u l d  c o n t i n u e  t o  p r o d u c e  f l u c t u a t i o n  o u t p u t

e f f j c i e n c i e s  e q u a l  t o  t h a t  o f  a  m u c h  l a r g e r  c o m p o n e n t .  S i n c e  t h i s

a1  l ows  the  power  ou tpu t  pe r  un i t  vo lume to  i nc rease  by  dec reas ing

e a c h  c o m p o n e n t ' s  s i z e ,  i t  t r a n s ' l a t e s  a s  t h e  a b i l i t y  t o  b r i n g  e a c h

u n j t ' s  m a t e r i a l  c o s t s  d o w n  t o  a  n e g l  i g i b l e  1 e v e 1 .

As  a  resu l t  o f  t he  REF Conver te r  hav ing  co rnmon  to  each  o f  i t s

des ign  op t i ons  the  hea ted  f i r s t  l aye r  and  the  the rma l  ba r r i e r ,  f ou r

theo re t i ca l  advan tages  ove r  so la r  ce l l s  become apparen t .  These

advan tages  a re :  ( l  )  max imum e f f i c i enc ies  ca l cu la ted  a t  82%-91%+

fo r  h igh  power  so la r  ene rgy  conve rs jon ;  (2 )  max imum power  ou lpu t

w i t h  a v a i l a b l e  p o w e r  p e r h a p s  t h o u s a n d s  o f  t i m e s  l a r g e r  t h a n  c a n

> f



7 .

be  t rans fe r red  by  the rma l  rad ia t j on  to  so la r  ce l l s ;  (3 )  m in imum

mate r ia l  nequ i remen ts  on  the  onder  o f  one -hundred th  o f  t he  ba r r i e r

. m a t e r i a l s  f o r  s i l i c o n  s o l a r  c e l l s ;  ( 4 )  t h e  w i d e s t  o p e r a t i n g  t e m -

pe ra tu re  range  fo r  many  reve rs ib le  app l i ca t j ons ,  down  to  the  c ryogen ic

tempera tu re  range  and  upwards  app roach ing  the  i ncandescen t  t empera tu re

ranQe.

DEVELOPI4ENT STATUS

Th js  dev i ce  has  been  ad judged  theo re t j ca l  l y  sound  by  numerous

exper t s  i n  t he  f j e ld ,  and  has  genera ted  g rea t  exc i t enen t  w i th jn  the

sc jen t i f j c  co rmnun i t y  as  we l I  as  Congress iona l  hea r ings  and  endorsemen t

by  members  o f  Congress .  Ex tens i ve  rev iews  have  demons t ra ted  the

REF Conver te r  t o  be  theo re t i ca l l y  sound ,  and  p ro jec t  t he  dev i ce  w i l l

t e s t  o u r  s u b s t a n t i a l l y  a s  c l a i r n e d  b y  0 r .  Y a t e r .  H o w e v e r ,  t h e  a c t u a l

v / o r k l n g  m o d e l s  h a v e  n o t  y e t  b e e n  b u i l t  w i t h  w h i c h  t o  c o n f i r m  a l l

c a l c u i a t j o n s .  I t  j s  t h e  p u r p o s e  o f  t h j s  w o r k i n g  g r o u p  t o  b u j l d  s u c h

a  p ro ro type  and ,  p resuming  the  dev i ce  mee ts  expec t3 t i ons ,  even tua l  l y

to  manu fac tu re  the  dev i ce  fo r  co rmerc ia l  use .  Need less  to  say ,  i f

t he  dev i ce  pe r fo rms  as  expec ted ,  t he  imp l i ca t i ons  fo r  l ow-cos t  and

p o l l u t i o n - f r e e  e n e r g y  a r e  s t a g g e r i n g ,  a n d  t h e  p o t e n t j a l  i n d u s t r i a l

u s e s  a r e , i n n u m e r a b l e .

PROPOSED INDUSTRIAL & COt"lMERCIAL APPLICATIONS

The fo l low ing  app l  i ca t ions  fo r  the  REF Conver te r  a re

l i s t  o f  i t s  m o s t  w e l l - d e f i n e d  a n d  r e s e a r c h e d  a r e a s  o f  u s e .

resu l t  o f  the  Conver te r  hav ing  the  capab i l j t y ,  compared to

a  p a r t i a l

A s a

the  present
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s o l a r  c e l l ,  t o  o p e r a t e  a t  a  m u c h  h i g h e r  e f f i c i e n c y  a n d  a t  a  m u c h

h ighe r  hea t  ou tpu t  ove r  a  cons ide rab l y  w ide r  t empera tu l -e  range ,  t he

f o l l o w i n g  d e s i g n  g o a l s  a r e  f e a s . i b l e  a n d  p r a c t i c a l  a p p l i c a t i o n s ,

o f fe r i ng  imned ia te  and  max imun  Do ten t i a l .

( l  )  S team Power  P l  an ts

S team power  p lan ts  a re  p resen t l y  l im i ted  to  40X  e f f . i c i ency

f o r  e l e c t r j c  p o w e r  g e n e r a t . i o n  u s i n g  f o s s i  l  f u e l s .  C o m p l e m e n t i n g

the  REF conve r te r  w i th  foss i l  f ue r  use ,  ope ra t i ng  fu rnace  tempera tu res

o f  
. l 7 0 0 " F  

c a n  b e  a c h i e v e d  e n a b l i n g  t h e o r e t j c a l  p o w e r  c o n v e r s t o n

e f f i c i e n c i e s  o f  u p  t o  8 0 X  t o  b e  r e a l i z e d .

( 2 )  T o p p i n q  a n d  T a j l i n g  - -  C o q e n e r a t i o n

.  The  w ide r  t empera tu re  ope ra t i ng  range  o f  t he  REF Conver te r

e n a b l e s  i t  t o  w o r k  o f f  a n d  e f f i c i e n t l y  u t i l . i z e  t h e  u n u s a b l e  t e m p e l - a _

tu re  o f  t he  was te  hea t  o f  many  o the r  t ypes  o f  power  and  i ndus t r i a l

p l a n t s .  B y  u t i f  i z i n g  b o t h  t h e  w a s t e d  h e a t  f r o m  r n i t i a r  c o m b u s t i o n

( t o p p i n g )  a n d  t h e  w a s t e d  e x h a u s t  h e a t  ( t a r ' l i n g ) ,  t h e  e f f i c i e n c y  o f

0 the r  t ypes  o f  power  and  i ndus t r j a l  p lan ts  can  be  g rea t ) y  i nc reased .

Th is  makes  i t s  use  w i th  cogenera t i on  techno logy  h igh )y  feas jb le  and

w i d e l y  a p p l  i c a b l e .

( 3 )  S p a c e  S o l a r  P o w e r  S t a t i o n s

The  h igh  ou tpu t -power  pe r  un i t  we igh t  o f  t he  m icno_modu les

c o u l d  e n a b l e  a  s i g n i f i c a n t  w e i g h t  r e d u c t i o n  o v e r  t h e  s . i  l i c o n  s o l a r

c e l l ,  e v e n  i f  o n l y  s j m i l a r  e f f i c i e n c i e s  w e r e  a c h r e v e d .

( 4 )

The

thermal I  os ses

reve rs  i  b l  e  cyc le  resu j t i ng  f rom

e n a b l e s  t h e  s a m e  t h e r n a l  c v c l e

t h e  m i n i m i z a t i o n  o f

t o  b e  u s e d  i n  a  h e a t

a n d  R e f r j q e r a t i o n

'<'t



DumD node and a  re f r igera t ion  in  add i t ion  to  the  power  convers lon

mode.  By  opera t ing  the  conver te r  backwards  '  i  ' e '  ,  by  s imp ly  inc reas ing

the  vo l tage a t  the  ou tpu t  te rmina l  so  as  to  reverse  the  cur ren t

th rough the  c j rcu i t ,  i t  w i l l ,  in  theory ,  t rans fer  heat  f rom the

c o l d  s i d e  t o  t h e  h o t  s i d e ,  o p e r a t i n g  a s  a  c o o i i n g  d e v i c e '

(5 )  Home and  Co f ine rc ia l  So la r  Convers ion

A  h igh  i npu t  t empera tu re  fo r  t he  dev i ce  can  be  rea l i zed

b y  c o n c e n t r a t j n g  t h e  s o l a r  r a d i a t i o n ,  t o  e n a b l e  e f f i c j e n c i e s  o f  8 0

to  90  pe rcen t  t o  be  ach ieved  fo r  e lec t [ j c  power  conve rs ion  One

des ign ,  among  seve ra l  ,  has  been  fo rmu la ted  fo r  a  th jn  so la r  concen-

t ra to r  l aye r  wh ich  can  e f fec t i ve l y  i nc rease  the  tempera tu re  o f  t he

f i r s t  l aye r  t o  p roduce  these  power  e f f j c i enc ies '  Ce r ta in l y  t he

m o s t  f a r - r e a c h i n g  a p p l i c a t i o n ,  h o m e  a n d  s m a l l  b u s i n e s s  p o w e r  g e n e r a -

t i o n  c a n ,  i n  a d d i t i o n ,  b e  s u p p l e m e n t e d  b y  t h e  c o n v e r t e r ' s  u s  s  f o r

h e a t i n g  a " d  a i r - c o n d i t i o n i n g ,  a s  i n h e r e n t  i n  e a c h  d e s i g n  a p p l i c a t i o n

i s  t h e  s a r n e  b a s i c  i n n o v a t i v e  c i r c u i t r y '

PROTOTYPE DEVELOPMENT PROCEDURE

I t  m u s t  b e  e m p h a s i z e d  t h a t  t h e  a b o v e  a p p l i c a t j o n s  a r e  s p e c u l a t i v e '

However ,  the  invent ion 's  theore t ica l  bas js  has  undengone nu f l le rous

in -depth  ana lyses  over  the  pas t  severa l  years  (d iscussed fu r ther

u n d e r  H i s t o r i c a l  a n d  S u p p o r t i v e  R e s e a r c h .  )  A n a l y s i s  o f  t h e  c i r c u i t

and ex tens ive  computa t ions  sho, r l  tha t  the  max imum theore t ' i  ca l  e f f j -

c i i n c y  c a n  b e  a c h i e v e d  i f  s i g n i f i c a n t  t h e r m a l  l o s s e s  c a n  b e  p r e v e n t e d

f rom occur r ing  across  the  thermal  bar r ie r .  The techno logy  fo r

manufac ture  o f  the  ac tua l  components  ex is ts '  and the  therna l  bar r ie r
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f ab r i ca t i on  i s  t he  mos t  s jgn i f i can t  f ac to r '  The  g rea te r  t he  tempera tu re

d i f f e ren t j a l  be t \ ' / een  the  conve r te r ' s  l aye rs '  t he  g rea te r  t he  c0nve rs ion

e f f i c i ency  o f  t he rma l  t o  e lec t r i c  power '

I n  add i t i on  to  ana lyses  pe r fo rmed  on  the  the rma l  ba r r i e r '  r epea ted

theo re t i ca l  compu ta t i ons  show the  conve r te r ' s  bas i c  des ign  can  w i th -

s t a n d t h e t h e r m a l b e n d i n g s t r e s s , r a d i a t i o n p r e s s u r e ' a n d g r a v i t a t i o n a l

fo rces  to  be  encoun te red  i  n  de  l  i  ve r i  ng  the  e f f i  c i  enc j  es  ca l  cu  l  a ted  '

A l  1  d e s i g n  a l t e r n a t i v e s  t h a t  w e r e  a n a l y z e d  s h o w  t h a t  w h e r e a s

the  so lu t i on  to  cons ide ra t i ons  posed  by  the rma l  conduc t i on  l osses

requ i re  ca re fu l  a t ten t i on ,  t he re  a re  apparen t l y  no  i nhe ren t  phys i ca l

l i m j t a t i o n s  t o  t h e  c o n c e p t  t h a t  w i l l  p r e v e n t  t h e  d e s i g n  o f  a  s a t i s -

fac to ry  the rma l  ba r r i e r .  I n  a  conc lus jon  by  MIT ' s  I nnova t i ve  Cen te r

a t  Cambr idge ,  f o l l ow ing  an  ex tens i ve  and  fo rma l  second-s tage  eva lua t i on

o f D r . Y a t e r ' s i n v e n t i o n , t h e y c o n c ' l u d e d ' r e g a r d i n g t h e m o d e l ' s

workab i  I  i  t y ,  t ha t  "The  concep t  j  s  t heo re t j  ca l  1y  p l  aus  i  b l  e "  and  were

unan imous  i n  the i r  op in ion  tha t  "The  on l y  way  i n  wh ich  these  fac to rs

c a n  b e  p r o p e r ' l y  e v a l u a t e d  i s  t o  b u i l d  a  m o d e l  o f  t h e  d e v i c e ' " 1

I n t h e d e v e ] o p m e n t o f t h i s i n v e n t i o n , t h e f i r s t S t e p w j l l b e

to  fab r i ca te  and  tes t  a  mode l  con ta in ing  the  the rma l  ba r r i e r '  As

the  l eve l  o f  t echno logy  necessa ry  to  des ign  and  fab r j ca te  the  mrc r0 -

c i r cu j t r y  needed  fo r  t he  conve r te r  i s  p resen t l y  ava i l ab le '  ac tua l

cons t ruc t i on  o f  t he  the rma l  ba r r i e r  w i l l  be  the  dec i s i ve  and  impor tan t

s tep  requ ' i r ed  to  open  the  way  fo r  pa ra l ' l e l  deve lopmen t  o f  t he  mode l ' s

rnany  app l i ca t j ons .  " t f  t h j s  f i r s t  s tep  ve r i  f i es  the  theo ry '  t hen

rap id  and  p red i c tab le  p rog ress  - can  be  expec ted '  "2  ( Joseph  c '  Ya te r '

b e f o r e  a  C o n g r e s s i o n a l  H e a r i n g '  J u n e '  1 9 7 6 ' )
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Cu r ren t  bes t  es t jma tes  fo r  p ro to t ype  deve lopmen t  by  the  j nven to r

a n d  c o r r o b o r a t e d  b y  A l b e r t  L .  H e d r j c h ,  S e n i o n  E v a l u a t o r  i n  t h e  o f f j c e

o . f  E n e r g y - R e l a t e d  I n v e n t j o n s  ( W a s h i n g t o n ) ,  w a s  w i t h i n  a  t j m e  f r a m e

o f  s i x  t o  l 2  m o n t h s .  E n t i r e  e f f o r t s  d u r i n g  t h i s  p e r i o d  t / o u l d  b e  t o

focus  on  and  coo rd ina te  fab r i ca t i on  and  tes t i ng  o f  a  p ro to t ype  mode l .

I f  t es t i ng  o f  t he  conve r te r  p roves  success fu l ,  an  ex tens i ve  deve lopmen t

e f f o r t ,  i n c l u d i n g  p a r a ) 1 e 1  r e s e a r c h  i n t o  a l l  i t s  a p p l i c a t i o n s ,  w o u l d

b e  i n i t i a t e d .

I n  c o n s i d e r i n g  l o n g e r  r a n g e  g o a 1 s ,  i t  i s  e x p e c t e d  t h a t  w i t h i n

t w o  t o  f i v e  y e a r s ,  f o l l o w i n g  s u c c e s s f u l  c o m p l e t i o n  o f  t h e  w o r k i n g

p ro to type ,  mass  p roduc t j on  o f  t he  REF Conver te r ' s  c i r cu i t s  cou ld  be

f u l l y  a u t o m a t e d  u s i n g  m j c r o f a b r j c a t i o n  t e c h n i q u e s  s u c h  a s  X - r a y

I  i t h o g r a p h y  o r  s i l k - s c r e e n e d  c j r c u j t s .  T h i s  w o u l d  c o n t i n u e  t o  d e -

c r o : < o  m  :  n  r  r  f  :  r '  i  |  |  r  i  n  n  . ^ <  t e  n p r  r r n i t  : n d  i  n r r o : <  o  r n m a  n r  i  : 1  r r t i  l i t , ,, q r  v u i r  r L J

e v e n  f u r t h e r ,  a s  m a t e r i a l  c o s t s  w o u l d  r e m a j n  a t  a  n e g l i g ' i b l e  l e v e l  ,

t h u s  m a k i n g  t h e  c o n v e r t e r  a v a j l a b l e  t o  l o w - j n c o m e  c o n s u m e r s .

L { \ . \
CAPITAL  REQUIREI4ENTS

I n  o tha t  deve lopment  o f  a  demonst ra t ion  mode l  can  beg in

work  ing  cap i  ta l  i  s  necessary .

A r e a s . o f  n e e  d e  d !ng  and bes t  p ro jec ted  es t ' imates  fo r  su f f i -

c i e n t  c a p i t a l  o v e r  a  l 2 - m o n i  n c  l u d e :

' 1 .

a .

n

$  5 l  , 5 0 0

42,800

1 8  ,000

5 5 , 0 0 0T e c h n ' i c a  l  &  e n q i n e e r i n q  f a b r i c a t i o n  s a l a r i e s .
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