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; saquent activity relating to construction, testing Cr demonsti ing th
idea, or of any ixprovaments, changes Or new usSa8sj
< Referaences to persons who assisted or who are familiar with the ides or a
phases of its subseguent development;
5 Cross-references to any othar test data, technical reports, data filas or
other written matsrial relating to the idea or its subsequent devalcpmen

and testing.

BNZEY PROCEDURZ

ur patent notebook shculd serva to provide a continvous chromological racord

ur activities of the nature descrided above. It must alsc be in such form th

can be used as evidence in a lecal oproceeding. To these ends the following
ocedure should be carefully folliocwads

i Form of
a. Make all entries lagibly, neatly and in ink. (Do rnot use penci! and

do not use your notebook as a “"scratch pad.”)

Date all entries ut the beginning. (¥Write dates cut complately.)

Sign name in full and again date entry at its concliusion.

Do not leave extensive blank spaces. Begin all entries on the line

following the last lin® of the precading entry. If there are unusual.

long gaps in time between successive entries (e.g. duve te iliness or
vacation), a record of the facts should be made.

@. Graphs, photcgraphs, sketches, etc. On separate sheets can be securel’
camanted or stapled over a blank section of a page in the notebook,
8ach such inserted sheet should alsc be separately signed, dated and
witnessed.

£. Do not erase or modify entries once nade. If modifications are re-
gquired, =ake a new entrv.

¢

o0y

i. MNitnesa

a. Bach ent:ry should be witngssed by two competent persons who have read
the entry and are technically gqualified to understand it. Bach witne:
must sion his name in full. (Hote: A joint inventor cannot serve as
a witness for a co-inventor,)

bP. If the entry is one racording actual tests or demonstrations, the wit-
ness must zlso witness such and check all comnections, structure, etc
of the equipment. Ho should then state cover his sigrnature that ha act
ally witnessed such tests end checkad such connections,. etc.

L. Do not include statements implvinc lack of interest, abandonment or unim-
portance of the idea.

‘ Keep notebooks in safe place. This notebook is chacrgaed to you and you ar
responsible for its safekeeping. When the notebook is filled or i€ you
sion

lgave the division which issued it, it nust be returned to your diwv:
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PATENT DISCLOSURE

Ref: Pgs. 3 and 4 of Fairchild Note-
book Neo. 3; December 1, 1957
Jean A, Hoerni

Method of Protecting Exposed p-n Junctions at the Surface of Silicon Tran-
sistors by Oxide Masking Techniques

The general idea underlying this invention is the building up of an
oxide layer prior to diffusion of dopant atoms at these places on the surface
of the transistor at which p-n junctions are expected to emerge from the
body of the semiconductor. The oxide layer so obtained is an integrant
part of the device and will protect the otherwise exposed junctions from
contamination and possible electrical leakage due to subsegquent handling,
cleaning, canning of the device.

A aecond advantage resulting irom the use of the technique to be
described is the possibility of making contacts to the emitter, base, and
collector of 2 transistor on the aame side of the wafer. In this way, the
contact to the collector oa the back side of a thick wafer and its accome
panying high eseries resistance may be avoided. The passive areas of the
junctiona can be kept at a minimum (compatible with areas required to
attach a lead to the exposed part of the base of the transistor), irrespec-
tive of the overall size of the wafer,

The basic procedure to be used is as follows: a wafer (of usual
dimensions) is cleaned and pre-oxidized. Using photoresist technigue,
or other masking techniques, the oxide is removed on a series of islands,
of size comparable with the area desired for the emitter of the transistor.

Top view of Dty Oxide layer removed
wafer, By ety within circles.

Figure 1.

The base and emitter regions are obtained by diffusion of impuri-
ties giving the desired conductivity type. The cross-section across one
of theun-oxidized islands looks so after diffusion (for p type bulk material
and a p-n-p transistor):






Patent Disclosure, Jean A, Hoerni Page 2

Method of Protecting Exposed p-n Junctions at the Surface of Silicon
Transistors by Oxide Masking Techniques

g =3 Oxide

Figure 2,

It will be seen that in this way the parts of the silicon surface
where the junctions emerge are masked at all times by the oxider layer.
It is known that most impurities of interest (except Gallium) do not diffuse
into the silicon wherever an oxide layer is present. Contacts have to be

made to the three regions, which requires that parts of the oxide layer be

removed to permit these contacts., The structure shown on Figure 2 is not
suitable in that the width of the base exposed to the surface is only a few

microns, and is too small to make a suitable contact. A design improving
this situation is shown on Figure 3:

Auded oxide layer after diffusion
of the base impurity.

P , Original oxide layer,

L SR AT YRS I

Figure 3,
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Several characteristics of semiconductor devices are stromgly
lependent on the recombination rate, or lifetime, of electrons and holes
in excess of carrier equilibrium demsities. So far, technological progress
has moved in the direction of ever increasing lifetime values. Present
obtainable lifetimes are indeed high enough that it is now possible and
feasable to reduce them in a coantrolled manner to & level comsistent with
best device behavior. Considering the particular case of a tramsistor,
it is found, however, that the lifetime requirements are not the same in
the different regions of the tramsistor. In particular, high lifetime
values are desirable in the base material (since they yield high current
gains), whereas low lifetime values are desirable in the collector material
(in order to reduce storage effects when turning off a transistor used in
switching applications). In double diffused tramnsistors, it is foumd that,
contrary to these requirements, the lifetime is lower in the diffused base
than it is in the collector (made of undiffused semicomductor).

The purpose of this disclosure is to describe 2 way in which the
lifetimes can be selectively controlled over semiconductor reglons of
different polarities ( p or n ). In the particular case of the double
diffused transistor mentioned above, this procedure makes possible a
reduction in collector lifetime (leading to faster switching response)
without sacrifice in lease lifetime (or current gain).

The procedure to be described makes use of the properties of specifie
impurities to affect the recombination rate of electrons and holes to a
different extent. In the steady state (or, in the general case, when trapping
effects can be neglected), electron and hole recombination rates, or electron
and hole lifetimes, are always necessarily the same in & given semiconductor
region. Electron and hole lifetimes defined in the text refer to lifetimes
Tuo 8ad T, prevailing in stromgly p-type material, or strongly n-type
material respectively. 1t can be showm that the electron and hole lifetimes,

Twe and T,, respectively, are related to the capture cross~sectiom of the
impurities l'dP question by

o) e f T . (1)
wo ¢ o
V. No,, PP w No;,
Nl
where 7~ and 4r are the carrier thermel velocities, N is the density of

L < " "
impurity center#, and ¢ and O,, are the captive cross-sections in strongly

-
p-type and n-type material. Om the basis of formula (1) selective lifetime
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control may be achieved by doping the tramsistor with impurities for which
the difference between o,  and &,, is large. In our particular applic-
ation of a npn transistor, the condition for reducing the storage time

without affecting the current gain is therefore TR o (S .

In the case of a pnp transistor the equivalent condxfion i &> S,0 .

In silicon or germanium, impurities suitable for lifetime control

are those which cawse deep emergy levels close to the middle of the emergy
gap between the valence and the comduction band. To mentiom a few, gold, irenm,
nickel, copper, zinc, silver, manganese, platinum, have been found to have this
property. Coantrary to the usual dopants of the third and fifth column of the

eriodic table, the deep level impurities diffuse at a fast rate, so that it
is quite feasable to dope a transistor structure uniformly with them over a
time period im which further diffusion of the already presemt p and n regions
is negligible. Capture cross-sections of the deep level impurities ame gemer-
ally unknown, or only known at doping levels of little interest in device
fabrication. The available evidence, however, indicates that they are are
large in some cases and likely to fulfill the inequalities quoted above.

The following give the particular application of gold dopimg in double
{iffused silicon npn tramsistors. Subsequent to the usual diffusion of the
base and emitter dopants, gold is plated or evaporated on the collector side,
and diffused into the transistor over a time period and at a temperature
compatible with optimum concentration and uniform final dopimng. Represeatative
values are 30 minutes and 980 C. Under these conditions, the author has found
that the current gain, or gc values are hardly affected, whereaz the storage
time after turn off of the transistor is r;duced by a factor of 5 to 10. The
differential effect of gold on 6 and is observed in am even wore
striking way if pnp transistors of egq uivala t design are doped with gold under
the same conditions. Here the current gain values depend on hole lifetime and
drop to less than one hundredth of their original values. Clearly in the pnp
case, another impurity of effect opposite to gold remains to be found.

Read and Understood
R. N. Noyce
January 20, 1959



















