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OnMarch17,

- The United States \

- successfully launches the
Vanguard from the Florida

«coast. The Vanguard is the |
 first satellite to carrya |

. solar-cellpower .
. paCk / /

March 17, 1958
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The 50th Anniversary Exhibit
Orlando, Florida, August 2005




“Widely publicized conferences in 1955 regarded as

jumping off point for solar R&D on a world scale.” | Internafional Solar Energy Sociaty

; .

f e Conference on the Use of Solar. Energy— | 4 50 t I rs r
The scientific Basis - = . h A n

- University of Arizona, Tuscon, AZ = October 31-November 1, 1955 $s 3 ' | V e a

— - | So rgy | 1955 - 2005
Some 500 participants heard 96 papers in five subject areas: 1 ’/ . i the H'Story Of lcr Ene gy
* General papers * Thermal processes * Electrical processes ! y.;‘v 3 - - : 3 Lo "
* Radiation * Photochemical processes 7 | | < —~ " . . === S50th » = g
O s ) £ > L
Supported by: Q@ . > ﬁ 'Y ’ 15456-2005
» National Academy of Sciences « Office of Naval Research T A= . ‘% < Y ,' )
» National Science Foundation * United State Air Force O 0 A "H t
* Rockefeller Foundation. * UNESCO 7~ =} -' S
* Ford Foundation > —
o o 89
. - s - ——
The World Symposium on'Applied Solar Energy | - ~ -
Phoenix, AZ + November 1-5, 1955 TR g ~. -

About 900 registrants from business, industry, and
government heard about the state of the art and
opportunities in solar energy.

Organized by the Stanford Research Institute.

~IheSun at Work* —=Solar Engineering Exhibit
K@Q:énix Civic Center, Phoenix, AZ ¢ October29-November 13, 1955

Major exhibition of solar energy equipment
presented 85 exhibits, attracting 29,000 visitors.
Key exhibits included the SOMAR solar engine,
solar house designs, new solar cells generating
electricity directly, and the first application of
selective surfaces.

SOMAR pump
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Association for Applied SO?ur Energy (AFASE)

congresses

Millennium Solar Forum 2000

MLk Cep i 1) Bringing Solar Down 1o Earth

Adeialde, Austratia. (Nov 25-Dac 2 2001)
Solar Energy for the Build Environment
Goteborg. Sweden (June 14-19. 2003)
Solar Energy: Bringing Water fo the World
Orlando, Fiorida USA (Aug 612, 2005)

The Global Community

North America

Canada

United States (1970)
(Fist Chiaw: W Chiemy).

Latin America
Argenting

Egypt

Middle East

Atab Section (1977)
st Chaw AAM. Sarigh)

Cenfrol Africa

Europe

EUrope (e )
Croatia

Cyprs.
Denmark
Finiond

Fronce
Gemany (1977)
Greece

Hun

Irelond (1976)
taly (1964)

Netheriandss (1976)
(Fst Gho: V. Storeit
G Nabevo)

B Notiondl Sections
- emberns

Europe (cont)
Sovenia
Spain

Sweden

(Seandinavia, 1976)
Switzerond

Turkey.

Ukraine

United Kingdom (1973)

Asia/India
Bangladesh

Georgia
India (1967)

(i Chav: R Dotta)
Japan (1973)

Korea
Malaysa

Australia

Australia &

New Zealand (1962)
@it Chav: RN, Morse)



Photo from 2005 SWC Exhibit

50th Anniversary

the History of Solar Energy | 1955 - 2005
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“Widely publicized conferences in 1955 regarded as €
Jjumping off point for solar R&D on a world scale.” 'ph '
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1e Conference on the Use of Solar Energy— M| .
he scientific Basis 1l R
“University of Arizona, Tuscon, AZ + October 31-November 1, l95§

b

Some 500 participants heard 96 papers in five subject areas: i )

* General papers * Thermal processes * Electrical processes ” Yﬁ’;‘g;‘” \
 Radiation * Photochemical processes L g

= ) 3 == S50th . L
- Anniversary

Supported by:
* National Academy of Sciences * Office of Naval Research
* National Science Foundation * United State Air Force
* Rockefeller Foundation * UNESCO
* Ford Foundation

1545562005

getting started

About 900 registrants from business, industry, and
government heard about the state of the art and
opportunities in solar energy.

Organized by the Stanford Research Institute.

e,

~ “Thee Sun af Work” — Solar Engineering Exhibit
. Phoenix Civic Center, Phoenix, AZ = October 29-November 13, 1955

Major exhibition of solar energy equipment
presented 85 exhibits, attracting 29,000 visitors.
Key exhibits included the SOMAR solar engine,
solar house designs, new solar cells generating
electricity directly, and the first application of
selective surfaces.
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International Solar
Energy Society

Harry Tabor

b

Yoshihiro Hamakawa B Anne Grete Hestnes Paul Mayé:ock David Mills Michael Nicklas Cesare Silvi
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Giovanni Pastrone’s | a

Monumental 1914
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Cinema Featuring = *¥&4
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The 1956 Spectacular

' » o Classic Documentary = ‘ A
g The UI'OPI(I Of about “Father Himalaya” o ' Téldvisioll?;.’ﬁes ror:u s
(Manuel Anténio Gomes, : n 3¢

Solar Piong’efr from the
early 1900s)

Futh*e! Himuluyu uPortuguese‘Priest and

Yoshihiro Hamakawa Grete | och David Mﬁ p
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EW YORK TIMES, SUNDAY.

NOVEMBYR 6. 1904

PYRHELIOPHOR, WOND

ER OF ST. LOVIS

FAIR

PYRMHELIJPHOR. IN PROCKSD QOF

_ CONSTRUCTION

L

SunMachine Invented by Father Himalaya,
a Portuguese Priest, Generates 7,000
Degrees Heat Fahrenheit---As Yet He
Ciaims ns Commercial Value for It
...Principles of Its Construction and

Operation. %

CIENTIFIC cxperiments and discov-
olutionizing value to

wries Oof  ¥v
3 agriculture are being

chemistey

made days at the World's
Falr by the pyrheliophor, or sun
ne. the invention of Fatbher Him-

s gified young Portugul priest,
exempted from clerical duties by the Arch-
bishop of Braga, that he may devote his
Professor of Physics

lfe to seience, wan
and Chemi in the Colleges of Colmbra
nnd Porto.

The sun machine, which hie has been moro,
than five months erecting on the hill in the
rear of the Fish, Game. and Forestry
Building, made its first revolution Oet. 38

Despite the fact that the sun Was par-
tially hidden by a fog, more than 7.000 de-
groes of heat (Fahrenhelt) wers generated,
o fron and magnesia crucibles melted.

wih

Subsequent experiments have not only coa-
firmed those of the {irst day, but led to
many important new discoveries of far-

Bing mport not only to pure science,
to commercial Industry.

nte are boing made largely |

¢ of Viscomle d'Alte, Portu- |
to the United States and &
Genersl 1o the Loulslana

eventually

Commissioner
Purclase Exposition,

The sun machine is practically Portugal's
contribution to the fair, since, wniike §is |
continental nelghbors, the country has no
Foparate bullding or exhivit of s arts or
»tries. This is the fourth sun mackine
Himalaya has erected. The first three

nd

g N N N

terprise has only been made possidle by |
the liberality of a well-known woman of |
the Royal Court of large woalth and public |
spirit, and a philanthropist of Parls, who |
came to the financial aid of the Inventor. |
Capt, Frabcls Xavier de Brito of the |
Royal Arlillery obtained five months' fur-
Jough that he might accompany Prof. Him- |
alaya to this country and assist him in ad- |
justing the machine. Capt. de Brito is ono
of the most skillful engincers in the royal

Il

i
L

1l
1l
-

6117 mirrors

[

¢

4

I

army. He persopally adjusted the 617
mirrors, 3 by 10, which comprise the in- |
terior of the conlcal, concave reflector,

Prof. Himalaya, like all men of sclence,
was cautious and chary of speaking of the
¥ fes of the pyr bl while it
was in process of construction. Now he ls
more than satisfied with the results actual
experiment hax brought.

“1 feel compensated,” he said, “in the
enormout results already obtained for the
fifteen yearw' arduous study I have given
to the subject. I seo the way clear to the
rsun  machine’s application to industry,
Aside  from many intenscly interceting
scientific deductions during the first day's
experiment, I have made the following new
discoveries:

*“1. The heat of the sun is of absolute
electric origin.

2 The intonsity of the rays which pro-
duce the rolar radiation is very much high-
er than that of the electric are.

“3. The machine reveals whence comes
the eclectric energy that holds between the
Yeat and the ata

|

beat of the sun Is not produced by the iIm- 1
pact of aorolites on the solar mass, nor by |
the concentration of the so-called solar |
nebulae, nor by the oxidation or chemical
reaction of any kind oftsolar matter, nor
by any form of radic-activity. The radla-
tion of the sun, he belleves, Is produced by
powerful elecirical discharges in the solar
atmosphere at the Jevel of the photosphore.

During the past week the sun machine
hoe aided Prof. Mimalays, he says, to dive
cover the source of this clectric energy.
This discovery dlone, to the inventor's mind,
is the most important he can hope to aspire
to in this line,

With knowledge of the origin of the ener-
BY from which the sun’s radiation s de-
rived, we have, says Father Himalaya, the
“ key to the real forces of nature, the key
which no person hag yet discovered. As

s00n 0s these forces are kmown It Is easy
1o canture thermt and put them 14 1he stvre

for results are often obiained,” sald Father
Himaliya, while the sun machine was in
process of construction. * Should the pyr
heliophor lead to some marvelously un-

dreamed of discovery and fall to realize my '

original hope, I would be compensated.”

Siuce the machine bas been in operation
the smoke coming out of the fourneau and
the reflection surrounding it are attracting
great crowds to the wire fence dividing the
pyrheliophor from trespassers.

Curiasity, piqued when the machine began
to take form on the hilltop, Is now at heat
scarcely Jeas white than that reflected from
the machine’s mirror {ining. The Inventor's
sense of humor has been touched by the
various guesses made by World's Fair vis-
itors as to the machine’s raison d'¢tre. He
has beon asked If It were an alrship, a
ducking machine, or an apparatus for dry-

to be Adlsastrous. The concave Inside sure
face of this conlcal section is completely
lined with squares of looking glass O by
10 Inches. Each mirror square is riveted
by brass screws to the steel slats of the
refiector, and adjusted to its neighbor with

| mathematical exactness, giving a perfected

concave surface of 6,117 mirrors. The ma-
chine rests on a north and south line, and
Is constructed to conform constantly with
the two dailly motions of the sun rather
than the earth. The refiecting gridiron
may be adfusted to any time of day to meet
the sun. The rays are concentrated from a
reflecting area 6,117 tlimes that of the heat-
ing surface, which is a small point mnot
more than six inches In dlameter In the
upper centre of a steel cracible the size
of an ordinary barrel at the point of focus.

This crucible is lined with magnesia, the

used In the p at
R A aa o

i Saaban e

9UN MACHINE :
T WORM ,MELTING GRANITYE,

irreapective of the climate to which the
machine may bo exposed, explains his ap-
parent dilatoriness, It is a well-known fact
that in Winter, when the earth is in peri-
helion, the sun is shinlng much hotter on
the carth In the southern hemisphere. Only
the slant of the rays prevents the northern
latitudes from recelving a like heating. Tho
pyrheliophor, unaffected by the obliquity of
the sun's rays, takes them from any angle
and menda them direct Into the heating
focus of tho solar machine,

This fact enables Father Himalaya to
meet with greater success In the \Vinter
months, when the gky s clear and the at-

mosphere free of molsture. Whilo he be. | ¥ears o priest. For more than eight yeard =

lieves the machine will eventually be of
great commercial value in that it will sup-
ply & new motor for the movement of ma-

chinery, he does not hope to use it except |
for sclentific purposes in a climate such as |

is to be found about St Louls, because
thero the sun does not shine continually,
but in Arabia or California, where it shines
the livolong day, the year round, the pyr-
hellophor will create steam and run en-
gines. Mere would seem to lo the solution
of the fuel problem in sections where there
1S no fuel,

8o intense Is the heat coming from the
pyrheliophor that birds fiying forty feet
above are killed by the intensity of the re-
fiected ray.

Father Himalaya has had all sorts of
offers from capitalists to form a company,
To all propositions he makes the same ré-

_— e ————————

arrive eventually at enormous resuits, but
! it will take time and continued research, I
feol sure in such a great country as Amer-
ica, with its wealth and § 1y
interesting people, there will be some one
to find this work of value without decelving
themselves or allowing others. to decelve
them and fill them with regret. Even If T
never reach with the suh machine the end
' to which I am working, some one by alding
| the research will be a bDencfactor of hu-
manity, and ultimately multiply his fort-
une, however great it may be now.™ \

| Father Himalaya has been twenty-{ivi

of his priesthood he has lectured on physica
and chemistry in various colleges of Portu.
| gal. It was while Chapisin in the Visita-
tlon College at Porto that hie researchys
! attracted the attention of a brilllant Brazil-
i woman of Portuguese ancestry, Mme.
illa dos Santos. A student of natural
science nt the Sorbonne, Mme. dos Santos
| encouraged the young professor in his
studies, and by hor sympathy and financtal
aid enabled him to construct bis first ma-
chine. Five years ago, on the advice of his
spiritval superiors, Father Himalaya went
to Paris, where his later investigations
have deen pursued

To the new physical principle of reflec-
tion and radiation he attributes the ad-
vance the pyrheliophor has made over his
former successes and beyond the achleve-
ments of Canon Soptaln de Milan, Buffon,

ARIZONA DEPARTMENT OF
COMMERCE ENERGY OFFIC

The 1956 Spectacular
Production Frank Capria’s
Television Series for
Bell Telephone Laboratories
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World Symposium on Applied Solar
Solar Engineering Exhibit (“The Sunjaf Work
Phoenix, Arizona ¢ November 1-5, 1955 / i&
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RUSS SCIENTIST
FAILS TO APPEAR

Conference on {

‘ Scientific Basis of Solar Ener
Tucson, Arizong: ® Octqt;gf 1-November 2, 1

sun at work

the

The Sun
at
Work

AT SOLAR MEET

By GENE LINDBERG
Denver Post Staff Writer

PHOENIX, Ariz., Nov. 2.—Mys-
tery clouded an otherwise sunny
sky here Wednesday when A. V.
Baum, the Russian physicist from
Moscow, failed to show up for the
opening of the world symposium
on solar energy.

All was in readiness here for
Dr, Baum’s arrival, and the word
had been passed that in press con-
ferences he would be treated like
any other scientist among the hun-
dreds here from all parts of the
world. Save that political ques-
tions were to be taboo.

But the one man of whom every-
body here has. been talking since
Sunday, when the Advance Scien-
tific Conference on Solar Energy
opened in Tucson, still is missing.
When he failed to appear on the
University of Arizona campus in
Tucson, the word was that he had
been delayed. He'd be in Phoenix,
sure.'A room for him is reserved

here at the Westward Ho hotel, .

and means of putting the sun to

work directly. So, Hayes was as-

signed the job of meeting Dr.
Baum in New York and escorting
him to' Arizona with the assist- ||

ance of the U. S. state depart-
ment, which had made formal ar-
rangements for Baum to come
here.

Dr. Baum is the hrst Russian:
physicist slated to visit the Unit-.
ed States since World War II.

symposium headquarters. But the| &

telephone in room 1612 doesn’t

answer.

NEVER IN NEW YORK
Wednesday morning, George T.

Hayes of the Stanford Research

Institute’s Washington D. C. of- §
fice reached Phoenix from New|#

York with the news that Dr.

Baum had never arrived there. ||

The~port of New York even que-
ried Moscow, but could get no as-
surance that Dr. Baum had even
left Russia.

Stanford Research Institute is
one of the major sponsors of this
world meeting to discuss ways
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Atomic energy and solar energy
will be in competition as power
sources. and odds now are for
nuclear energy to surge to the
front because it is cheaper and
presents no great storage prob-
lem. .

That’s the opinion of Dr. Hans
Thirring, director of the Institute

DR. HANS THIRRING:

; : 3 S
of Theoretical Physics at the Uni-
| versity of Vienna, Austria, who
is attending the solar energy con-
ference at the University of Ari-
zona.

His particular field of interest
—and the one he means when he
speaks of solar energy—is solar
energy for electrical power pro-

NnocepQ

could still satisfy demands for all
mechanical power demands if
we were willing to spend -great
amounts of money,” he said.

Spend as much money on solar
energy for electrical power right
now as a great country spends
for armaments and the demands
of that country for such power
would be taken care of, the visitor
added. :

Dr, Thirring, who is writing a
hook on power production, pres-
ent and future, scheduled for late
spring publication in London, said
that, even in the face of the cur-
rent advantages of atomic energy

| over solar, it was still a definite

possibility that in some areas
solar energy might be quite an
excellent supplement to all other
methods of power production.

“Such places as Arizona and
India and perhaps Florida—places
where the sun’s rays are fairly
even over the, year—might well
make use of solar energy as a

......

power supplement,” he explained,

Solar Enerigy Expert Sees Nuclear
Power As Winner In Competition

There is no doubt, he continued,
that all of the electricity con-
sumed in the world today and
much more could be produced
from solar energy alone without
any other products, such as coal,

publicity.
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"It appears necessary to make our p-n
barrier very near to the surface if the
contact and surface resistance problem
is [to be] solved in the vapor technique.”
(Daryl Chapin, journal entry, 6/3/53)

Vast Power of the Sun Is Tapped
By Battery Using Sand Ingredient

Chapin, an engineer, studied stand-
alone power systems for providing
small amounts of intermittent power
to remote humid locations. He began
testing selenium solar cells, but then
shifted his concentration to silicon in

April 25,1954 - At a New York press conference,
Daryl Chapin, Calvin Fuller,and Gerald Pearson A
present to the public the first material to directly —— ! ¢
convert enough sunlight into electricity to generate

useful amounts of power. The New York Times

Eoecial Lo The New York Tizes.

25—A solar battery, the first of
its kind, which converts useful
amounts of the sun's radiation

MURRAY HILL, N. J., April|they had achieved an efficiency

of & per cent in converting sun-
light directly into electricity.
This, they asserted, compares fa-

his photoelectric studies.

recognizes their work as marking “the beginning of a
new era, leading eventually to the realization of one
of mankind'’s most cherished dreams—the
harnessing of the almost limitless energy of the sun
for the uses of civilization.”

directly and efficiently into elec-|vorably with the efficiency of
tricity, has been constructed here|steam and gasoline engines, 1In
by the Bell Telephone Labora-|contrast with other photoelectric
tories. devices, which have a rating of
The new device is a simple-|Ne more than 1 per cent.

looking apparatus made of strips| With improved techniques t%*
of silicon, a principal ingredient|efficiency may be expected to be
of common sand. It may mark increased substantially, they afid-
the beginning of & new era, lead-|d. They observed thatdm‘::th:_:lg
ing eventually to the realization|i8 consumed or destroyed in the
of one of mankind's most cher-|eNeTrEY conversion process and
ished dreams—the harnessing of|‘here are no m“i.?i P:iﬂstii so
the almost limitless energy of the|the solar battery “shou . eo-
sun for the uses of civilization, |retically Mi:n mrjﬁfhilmyt:ntt
The sun pours out daily more The experimantal solar ery

than & quadrillion (1,000,000,000,-|">%3 strips _-:rt wafer-thin silicon
000,000) kilowatt hours of ener-|200ut the size nf.mmmont:emr
gy, greater than the energy con- blades. These stripa are extreme-
tent of all the reserves of coal, ly sensitive to light. The;.r: can
oil, natural gas and uranium in be linked together «aelt-.n:rtm’:_azi.ll:,T
the earti's crust. and can deliver power from the
With this modern version of|34% at the rate of 50 walts &
Apollo’s chariot, the Bell scien-|%quare yard of surface.

tists have harnessed enough of| Ih¢ &tomic battery recently
the sun's rays to power the trans- announced by the Radio Corpora-
mission of volces over telephone|tion of America delivers one-mil-
wires. Beams of sunlight have|lonth of a watt. The new Bell
also provided electricity for a|S°lar battery thus delivers 50,-
transistor in a radio transmitter, 000,000 times the power of the

R.CIA. atomic battery.
hi
wu:iz “‘“.1“‘ both apee-::h lﬁd | Silicon is a semiconductor,

January 1954 - Starting with arsenic-doped
silicon, Fuller diffuses boron to form a thin p-layer
on top of the arsenic silicon. Chapin tests the new
material and reports increased efficiencies, with
the best cell converting 6% of incoming sunlight
into electricity.

Calvin S. Fuller

"Silicon is the material.
Diffusion is the process."
(Attributed to Fuller by lab assistant)

November/December 1953 - No matter what he
tries, Chapin cannot exceed 4% efficiency with
phosphorus-diffused silicon.

Fuller, a chemist, focused on how to
control the introduction of impurities
into silicon. He discovered how to
produce p-n junctions in silicon by
lithium diffusion. But he later found
that phosphorus-diffused silicon is
more stable, and the p-n junction can
be brought closer to the surface.
Eventually, he diffused boron to form a
thin p-layer on top of arsenic silicon.

September/October 1953 - Chapin reports that a
phosphorus-diffused silicon cell outperforms Pearson’s
original cell by a factor of 2, reaching 4% efficiency,
and he proceeds to build a 0.1-watt solar generator.

May/June 1953 - Chapin chooses to concentrate on
silicon in his photoelectric studies. Failing to get more
power from other lithium-diffused silicon devices, he
experiments with several phosphorus-diffused silicon
cells produced in Fuller’s diffusion furnace.
Phosphorus-diffused silicon is more stable, and the
p-n junction can be brought closer to the surface.

Gerald L. Pearson

"Don’t waste another moment on selenium." March 1953 - Pearson provides a device to Chapin,

who reports obtaining 5 times more power from this
sample than from previously tested commercial
selenium cells. Chapin estimates that a lithium-
diffused silicon device could theoretically produce
60 times more power than commercial selenium.

(Attributed to Pearson by Daryl Chapin)

Pearson, a physicist, was considered the
“experimentalist’s experimentalist.”

He detected a strong photovoltaic effect
ina rectifier built according to Fuller’s
diffusion method. And his continued
experimentation led to devices with
better conversion efficiencies.

March 1953 - Gerald Pearson detects a strong
photovoltaic effect in a rectifier built according to
Fuller’s diffusion method.

January-February 1953 - Daryl Chapin begins
testing selenium solar cells in his studies of stand-
. alone power systems.

| b 1952 - Calvin Fuller produces p-n junctions in silicon
- bylithium diffusion.

1947 - Thet‘rqr)slstor is invented.




Gadget Now
Being Used
In South

Communications Seen
As Best Customer

By DOROTHY KALIL

Greatest future for solar. bate
teries lies in the field of commu-
nications where sunshine has
already been put to work, accord-
ing to D. M. Chapin, a member
of the three-man Bell Telephone
Laboratories team which pro-
duced the first silicon solar bate
tery in April, 1954,

Chapin, who spoke at yestere
day’s closing session of the solar
energy conference at the, Uni»
versity of Arizona, said, in an
interview, that a sun-run hattery
| was already in operation for his
company in Americus, Ga.

The battery, which was put to

he New York Times.
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ast Power of the Sun Is Tapped
» Battery Using Sand Ingredient

Eoecial Lo The New York Tizes.

URRAY HILL, N, J., April|they had achieved an efficiency
A solar battery, the first of|of 8 per cent in converting sun-
tind, which converts useful|light directly into electricity.
ints of the sun's radiation|This, they asserted, compares fa-
itly and efficiently into elec-|vorably with the "-fﬂ‘:i'!_“ﬂ}’ ':"f
iy, has been constructed here|steam and gasoline engines, in
he Bell Telephone Labora-|contrast with other photoelectric
5. devices, which have a rating of
no more than 1 per cent.

The

Calvin S. Fuller

Inventors

Daryl M. Chapin

"It appears necessary to make our p-n
barrier very near to the surface if the
contact and surface resistance problem
is [to be] solved in the vapor technique."
(Daryl Chapin, journal entry, 6/3/53)

Chapin, an engineer, studied stand-
alone power systems for providing
small amounts of intermittent power
to remote humid locations. He began
testing selenium solar cells, but then
shifted his concentration to silicon in

Xs photoelectric studies.
/4
7 .

April 25,1954 - At a New York press conference,
Daryl Chapin, Calvin Fuller,and Gerald Pearson
present to the public the first material to directly
convert enough sunlight into electricity to generate
useful amounts of power. The New York Times
recognizes their work as marking “the beginning of a
new era, leading eventually to the realization of one
of mankind’s most cherished dreams—the
harnessing of the almost limitless energy of the sun
for the uses of civilization.”

into electricity.

January 1954 - Starting with arsenic-doped
silicon, Fuller diffuses boron to form a thin p-layer
on top of the arsenic silicon. Chapin tests the new
material and reports increased efficiencies, with
the best cell converting 6% of incoming sunlight

je new device is a simple-
ing apparatus made of strips
flicon, a principal ingredient
ommon sand. It may mark
peginning of a new era, lead-

work last month, takes care of
eight telephone lines. There is
enough storage—through ordis
nary nickel cadmium storage bats
teries charged by the silicon
solar unit— to carry on operas
tions for a week without sunshine,

The unit being uged in Georgia
is an experimental one, but
Chapin is optimistic about the

November/December 1953 - No matter what he
i tries, Chapin cannot exceed 4% efficiency with
/ kil phosphorus-diffused silicon.

"Silicon is the material.
Diffusion is the process."
(Attributed to Fuller by lab assistant)

With improved technigues the
efficiency may be expected to be
increased substantially, they add-
ed. They observed that nothing
eventually to the realization|is consumed or destroyed in the
ne of mankind’s most cher-|eNErgy conversion process and
| dreams—the harnessing of|there are no """-'"E‘El:. P&""sﬁj 20
\Imost limitless energy of the|the solar battery “shou | rheos
for the uses of civilization, |retically Mi:n mriifhiltewﬁntt
le sun pours out daily more, ' ST BT T Y con
a quadrillion (1,000,000,000,- i

)00) kilowatt hours of ener- about the size nf.m" On Tazor

Fuller, a chemist, focused on how to
control the introduction of impurities
into silicon. He discovered how to
produce p-n junctions in silicon by
lithium diffusion. But he later found
that phosphorus-diffused silicon is
more stable, and the p-n junction can
be brought closer to the surface.
Eventually, he diffused boron to form a
thin p-layer on top of arsenic silicon.

September/October 1953 - Chapin reports that a
phosphorus-diffused silicon cell outperforms Pearson’s
original cell by a factor of 2, reaching 4% efficiency,
and he proceeds to build a 0.1-watt solar generator.

May/June 1953 - Chapin chooses to concentrate on
silicon in his photoelectric studies. Failing to get more
power from other lithium-diffused silicon devices, he
experiments with several phosphorus-diffused silicon
cells produced in Fuller’s diffusion furnace.
Phosphorus-diffused silicon is more stable, and the
p-n junction can be brought closer to the surface.
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. Pearson
‘ other moment on selenium."
(Attributed to Pearson by Daryl Chapin)

ICISt was considered the

March 1953 - Pearson provides a device to Chapin,
who reports obtaining 5 times more power from this
sample than from previously tested commercial

selenium cells. Chapin estimates that a lithium-
diffused silicon device could theoretically produce
60 times more power than commercial selenium.
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March 1953 - Gerald Pearson detects a strong
photovoltaic effect in a rectifier built according to
Fuller’s diffusion method.




Morton B. Prince

As an MIT graduate student in 1951, Mort
Prince was recruited by William Shockley to
join Bell Telephone Laboratories and help

develop the relatively new “transistor.”

While Mort was investigating

minority-carrier properties in these devices,

fellow group member Gerald Pearson
approached him about some incredible
progress on another new Bell device—the
“solar battery.” In 1953, Mort joined
Pearson with responsibilities for
characterization and device applications.

Mort published a seminal
Applied Physics paper,“Silic
Converters,” on the perfors
of the silicon cell. He desct
behind the Bell cell in a pap
Junction Solar Energy Conve
historic 1955 international C
Solar Energy—The Scientific B
Arizona, which gave birth to A

Beginning in 1956, Mort directe
Hoffman Electronics’ semiconduct
division. As the first commercial procs
f solar cells, Hoffman supplied solar ©
o the US Signal Corps, establishing PV =

ventors

Daryl M. Chapin

"It appears necessary to make our p-n
barrier very near to the surface if the
contact and surfacer e problem
is [l‘o be] solved in the vapor technique."
(Daryl Chapin, journal entry, 6/3/53)

Chapin, an engineer, studied stand-

alone power systems for providing

- small amounts of intermittent power

o remote humid locations. He began

selenium solar cells, but then

hifted his concentration to silicon in
is photoelectric studies.
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April 25,1954 - At a New York press conference, { \1
Daryl Chapin, Calvin Fuller,and Gerald Pearson : 1
present to the public the first material to directly N
convert enough sunlight into electricity to generate
useful amounts of power. The New York Times ‘
recognizes their work as marking “the beginning of a |
new era, leading eventually to the realization of one

of mankind'’s most cherished dreams—the i
harnessing of the almost limitless energy of the sun

for the uses of civilization.”

January 1954 - Starting with arsenic-doped
silicon, Fuller diffuses boron to form a thin p-layer
on top of the arsenic silicon. Chapin tests the new
material and reports increased efficiencies, with
the best cell converting 6% of incoming sunlight
into electricity.

November/December 1953 - No matter what he
tries, Chapin cannot exceed 4% efficiency with
phosphorus-diffused silicon.

September/October 1953 - Chapin reports that a
phosphorus-diffused silicon cell outperforms Pearson’s
original cell by a factor of 2, reaching 4% efficiency,
and he proceeds to build a 0.1-watt solar generator.

May/June 1953 - Chapin chooses to concentrate on
silicon in his photoelectric studies. Failing to get more
power from other lithium-diffused silicon devices, he
experiments with several phosphorus-diffused silicon
cells produced in Fuller’s diffusion furnace.
Phosphorus-diffused silicon is more stable, and the
p-n junction can be brought closer to the surface. I

I
LA
1 March 1953 - Pearson provides a device to Chapin,
g 7 i who reports obtaining 5 times more power from this
= ; 1 sample than from previously tested commercial
4 selenium cells. Chapin estimates that a lithium-

diffused silicon device could theoretically produce
60 times more power than commercial selenium.

March 1953 - Gerald Pearson detects a strong
photovoltaic effect in a rectifier built according to
Fuller’s diffusion method.

lanuary-February 1953 - Daryl Chapin begins
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