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® The microprocessor acts as the brain
of the computer, and it doles out
instructions for every component

@

A computer Inside the computer Mounted on the Inside the micro-
consisis of is a circuit board. circuit board is a processor package is
hundreds of parts, It houses all sorts of microprocessor, the chip itself. This
including a microchips, which is housed in  tiny square of silicon
monitor, mouse, including those for a protective is packed with
disk drives and ROM (read-only container and transistors that
keyboard memory) and RAM connected to rows process instructions

{random-acoess of gold-plated pins  and data for the
PO T T ATy e ETE N memnr}'}l {_'ILIITIPLItEI'
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a %ﬁ#[ﬁﬁﬁbt EJJ #[] (Bardeen , Brattain)
— 3 B US2524035 - E'¢ﬁ§$57181,313%

Patented Oct. 3, 1950

2,524,035

UNITED STATES PATENT OFFICE

2,524,035

THREE-ELECTRODE CIRCUIT ELEMENT
UTILIZING SEMICONDUCTIVE MATE-

RIALS

John Bardeen, Summit, and Walter H. Brattain,
Morristown, N, J., assignors to Bell Telephone
Eaboratorics, Incorpornted, New York, N. X, & |

eorporation of New York

Aimlloaﬁhn June 17, 1948, Serial No. 33,4868
48 Claims, (CL 178—171)

1

This appllication I3 a continuation-in-part of
application Serial No. 11,165, filed February 26,
1248, and thereafier shandoned.

This invention relates to g novel method of and
means for translating elsctrical variations for 6
such purposes as amplification, wave generation,
and the like. -

2

When a metal electrode is placed in contact
with a semiconductor and & potential difference
is applied across the junctlon, the magnitude of
the current which flows often depends on the
slgn as well as on the magnitude of the poten=
tial, A junctlon of this sort is called a Techify-
ing contact. If the contact is made to an N-
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William Shockley (seated at the
micrmscopea), John Bardeaen (at
leaft), and Walter Brattain. all of
Ball Telephonea Laboratoras, ars
pictured hara about tha tiree of
their discovary of the point con-
tact transistor im 1947, This work
resulted in their receiving the Mo-
el Prize for Physics in 1956.
(Sowrce: Photograph cowrbesy of
ATET Avrchives. |}
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M Scientists have managed to squeeze
millions of transistors onto each chip

Each transistor on the
surface of a silicon chip acts
as a switch that can open or
close a gate. Compulers
process information by
. manipulating sequences of
opened and closed gates. A
positive charge applied to
the gate atiracts electrons,
allowing current to flow
across the gap from the
source (o the drain. A
. negative charge stops the
Graghis Ly current and closes the gate

Aluminum
wing
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Jack Kilby

Jack Ry is the inventaor of the
Solid Circuit™ integratod circuil
and a co-invenior of the pockal
calcul alor. | Sowce: Phologroph cour
touy O Jack Kilby, *HRaogintered roaoo-
Tuark of Toxsas Nstrumenils
IrSarpormied. |
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O Whoever invents or discovers any and
process, machine, manufacture, or composition of
matter, or any new and useful improvement thereof,
may obtain a patent thereof, subject to the
conditions and require-ments of this title.




S BRFIEE 103 1% (a)

1 A patent may not be obtained though the invention is
not identically disclosed or described as set forth in
section 102 of this title, if the differences between the
subject matter sought to be patented and the prior art
are such that the subject matter as a whole would have
been obvious at the time the invention was made (o a
person having ordinary skill in the art to which said
subject matter pertains.
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O The specification shall contain a written description
of the invention, and of the manner and process of
making and using it, in such full, clear, concise, and
exact terms as to enable any person skilled in the art
to which it pertains, ..., to make and use the same,
and shall set forth the best mode contemplated by the
Inventor of carrying out his invention.
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United States Patent Office ,_.,,.More

Patented June 23, 1864

1 2
(fon can hest be altuined by use of ws few iaicrials and
3,138,143 opuralions o possible, In accosdunce with fhe prip-

iples of the invention, the ltimate i cirerit miaiaturizs.
fio s attrinad uving only one malcnal for all ciecnit el
f ments and 2 limifed aumber of combatibie process steps

MINIATURI:2D BEECTRONSC CIRCUITS

Yuck S Riiby, Dallas, Tex, asglipic aein
mnts eoryoated, Datkes, Tex,, 2 composation
Delawirs

feir the production thereof,
d ! L
ﬁhi?%ﬁ&?ﬁbﬁ&?ﬁﬂ%’ew The above is accomnliched by the prcsent favention by

wiitizing 5 body of semizondnctor material cxhibiting one

Tais iavention Tolates fo mimianme elcctronde cireuits,  (yve of conductvily, either n-tipe of pype, aad having
and more particulazly 1o unique inegreted eleclronic - 10 forined therein a diffnsed region or regions of spproprile
cutts Fabricated [rom eraiconducior mazenal. conduetivity type fo for ¢ p-n jonciion betwezn such
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— When used in this title unless the context otherwise
Indicates

— (a) The term “invention” means invention or
discovery

— [in the Bible God claimed himself: I am who | am
(Exodus)]
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— A patent may not be obtained though the invention is
not identically disclosed or described as set forth in
section 102 of this title » if the difference between
the subject matter sought to be patented and the prior
art are such that the subject matter as a whole would
have been obvious at the time the invention was
made to a person having ordinary skill in the art to
which said subject matter pertains.
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One of the first working germa-
nium integrated cireuits con-
structed by Jack Kilby in the
summer of 1958, (Sowree: Cour-

tlesy of Texas [nstruments
Incorporated.)

"The CHIP” by T. R. REID, Random House
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d The spec;lflcatlon shall contain a written description
of the invention



Kilby FffR) = Prafilt

O In contrast to the approaches to miniaturization that
have been made in the past, the present invention
has resulted from a new and totally different concept
for miniaturization.
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1 Radically departing from the teachings of the art, it
IS possible by the invention that miniaturization can
best be attained by use of as few materials and
operations as possible.
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O According to the principles of this invention, all
components of an entire electronic circuit are
fabricated within the body so characterized by
adapting the novel techniques to be described In
detail hereafter.
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O It is to be noted that all components of the circuit
are integrated into the body of semiconductor
material and constitute portions thereof.
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O While there is a limit upon the types and values of
components which can be in a limited space , the
Invention hereof nevertheless represents a
remarkable improvement over the prior art.
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 As evidence of the advance in the art accomplished
by the present invention, it is possible using the
techniques described above to achieve component
densities of greater than thirty million per cubic foot
as compared with five hundred thousand per cubic
foot which is the highest component density
attained prior to this invention.
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O The specification shall contain a written description of
the invention, and of the manner and process of
making and using it, in such full, clear, concise, and
exact terms as to enable any person skilled in the art to
which it pertains, ..., to make and use the same, and
shall set forth the best mode contemplated by the
Inventor of carrying out his invention
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1 Enablement—How to make and How to use
1 Best Mode
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Integration and Interconnection
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O "Although the invention has been shown and described in
terms of specific embodiments, " " it will be evident that
changes and modifications are possible which do not in

fact depart from the inventive concepts taught herein. "
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O " Instead of using the gold wires in making electrical
connections, " "' connections may be provided in other
ways. For example, an insulating and inert material such
as silicon oxide may be evaporated onto the
semiconductor circuit wafer through a mask either to
cover the wafer completely except at the points where
electrical contact is to be made thereto, or to cover only
selected portions joining the points to be electrically
connected.
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O Electrical conducting material such as gold may then
be laid down on the insulating material to make the
necessary electrical connections. "
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O Fairchild v 1959 = ¥} Bille ey PR 53— [F
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Jean Hoerni

Jean Hoerni invented the planar
Process, which dramatically im-
Proved the reliability of silicon
diodes and transistors. (Source: =
Carolyn Caddes, 1986, from Portraits
of Success.)
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1 "to provide improved device-and-lead structure for
making electrical connections to the various
semiconductor regions."

1 "a unitary circuit structure that would permit
Integrating more than one circuit device into a

single body of semiconductor."
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O "According to prior practice, electrical
connection...had to be made by fastening wires
directly to the [components]...By means of the
present invention, the leads can be deposited at the
same time and in the same manner as the
[components] themselves."
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In an integrated circuit having a plurality of electrical
circuit components in a wafer of single-crystal
semiconductor material, a plurality of

defined in the wafer, each transistor including
thin layers of semiconductor material of opposite
conductivity-types adjacent one major face of the wafer
providing a base and an emitter region which overlie a

collector region,
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the base-emitter and base-collector junctions of each of
said transistors extending wholly to said one major face, a
plurality of thin elongated regions of the wafer exhibiting
substantial resistance to provide semiconductor resistors,
the elongated regions being spaced on said one major face
from the transistors, and conductive means connecting
selected ones of the elongated regions to regions of
selected ones of the transistors.




Fairchild V IC B&*-;

=RV : "The CHIP” by T. R. REID, Random House




Kilby v. Noyce Q@%rﬁ

= E = > KT3IV Fairchild pfplis > H kL
*‘\a; X E T Palo Alto py= ik

Q Fairchild i * £ TJE"ELYI?F} IR I S !
N2 %‘Eﬁfjgﬁjaﬁgﬂ E' > Kilby FEEVETS

O (EURL 04 T Noyee [T PIELRL
2 e -



Kilby v. Noyce E@%rﬁ

Qb2 e~ B Kilby d/iE@ZF‘F—J%F gt Hr? H
Fl > Borovoy YREFRIVIFE]

4 l*"ﬁ‘ AP Kilby fi J;gﬂjﬂ[%:p o fRfETy

H“Eblﬂ ‘?Er}{%#'ﬁrpﬂ[i‘? o Py A - g’;— i
aph_;;‘r_qg\ggli °



Kilby v. Noyce Q@%rﬁ

Q 7 1964 =+ > fér, Borovoy };ﬁfiﬁﬁiﬁ(igﬁ > B
FPHI= R T 1C PO EIFRLINGE - -
R T Gk Kilby FI1gh o RIS foBes -



=RV : "The CHIP” by T. R. REID, Random House




Borovoy 5%

%ﬂ“ﬁﬁg\' > Borovoy £ IS EREHEAS o F
FIp ) l |75 ER Kilby FIJHI?‘?:@ FFEZ i IFIJEH{E’J‘
#[I Noyce iRy £7 ﬁt }“srﬂ;%[p@p UpE— —~ A o

a %E?’gllfyﬁw » Kilby EIJF[I%TI/ FFE o 2 PYRCE
TREEESYIT f "conductlng material such as gold
may then be laid down on the insulating [oxide] to
make ... connection. "



Borovoy Hfiz

QAo et ﬁﬁiﬁf FIPypl > Borovoy i f4
FSTER ST -

O [ EFrsp
1. Enablement fo! {(F
2. Claim po[eeipers



hg92y) S Yo

YOLNIANI

=R <75 - "The CHIP” by T. R. REID, Random House



30 )
Transistors and diodes may be formed on a wafer, as
described by Lee in “Bell System Technical Journal,” vol.
35, p. 23 (1956). This reference describes a transistor,
as shown in FIGURE 4, whick has a collector region 25,
a diffused p-n junction 26, a base layer 27, an emitter
contact 28 for a rectifying connection with base layer
27 and base and collector contacts 29 and 39, respectively.
The base layer 27 is formed as a mesa of small cross sec-
tion. A diode of similar design is shown in FIGURE 5,
and consists of a region 35 of one type conductivity, a
mesa region 36 of opposite conductivity type with a p-n
diffused junction formed therebetween and contacts 37
and 33 to each region.
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Instead of the capacitor of FIGURE 2, capacitance in
a body of single crystal of semiconductor material may be
provided as shown and described in connection with FIG-
URE 2a. FIGURE 2a shows a body 1%a of semicon-
ductor material, of either n- or p-type conductivity, which
constitutes one plate of the capacitor. Evaporated onto
the body 15a is a layer 18 providing a dielectric layer for
the capacitor, It is necessary that the layer 18 have a
suitable dielectric constant and be inert when in contact
with the semiconductor body 154, Silicon oxide has been
found to be a suitable materfal for dielectric layer 18 and
may be applied by evaporation or thermal oxidation tech-
nigies onto body 15a. Plate 19 forms the other plate of
the capacitor and is provided by evaporating a conductive
material onto laver 18. Gold and aluminum have been
found to be satisfactory materials for the plate 19.
Ohmic contact 17a is made to the body of semiconductor
material 15¢ and contact to plate 19 may be made by
any suitable ¢lectrical contact (not shown). Capacitors
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Noyce’s Claim

1. A semiconductor device comprising a body of semi-
conductor having a surface, said body containing adja-
cent P-type and N-type regions with a junction thercbe-
tween extending to said surface, two closely spaced con-
tacts a adherent to said surface upon opposite sides of
and adjacent to one portion of said junction, an insulat-
ing layer consisting essentially of oxide of said semicon-
ductor on and adherent to said surface, said laver ex-
tending across a different portion of said junction, and
an electrical connection to one of said contacis com-
prising a conductor adherent to said layer, said con-
ductor extending from said one contact over said laver
across said different portion of the junction, thereby
providing electrical connections fo both of the closely
spaced contacts,
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1 Note that this drawing shows no oxide layer and no
gold wires laid down on any such layer.

 In fact, it is readily apparent that the gold wires are
anything but laid down .
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(1 The court’s assessment

— Whether or not someone reading Kilby’s statement
would be inevitably drawn to the conclusion that
the lead should be adherent.
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