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Séiiticonduetor Device

" . We, TEXAS INSTRUMENTS INCORPORATED, cludes the growing on & single crystal setni-
a corporation orgd! ised_-aocording to the conductor substrate of 4 single crystal layer 45
1aws.of the State of Delaware, Unitéd States of the sumib semiconductor material from
of ‘Ainericd; of 13500 North . Central Ex. the vapour phase. This i cartied out by
S pressway, Dallas, Texas, United States of heating the substrate to a predetermined
Adtierica, ‘@ heteby decldre ilie- invention, elevated temperatire and supplying in the
for which we pray that a patetit.may. be présence of the hicated substrate a vapour of 50
: gramted 10 us; widh thie method by which it is 4. semiconductor, compound amd hydrogen.
. fo be petformed, to be particularly deseribéd  The semiconduotor- dompound: is. normally
10' in.and by the following stitemetit.— = @ hatide cohipound -of -the semicopductor,
- -The . present invention rélates to semi- and the heat and-hydrogen réduce the com-
: conductor- devicey and methods of making pound o an acid of the. halide and the 55
R T elemerital seticonductor, the latter deposit-
. ‘Thé present fnvention 1 a tiiethiod of ing on the substrate and growing as asingle
15 making a seihicomtitictor-device havirig thers- crystal to produce a continuation of the
T in tWo spﬁbedte‘ctlzfymg _junctions, -said original gubstraté. Maily variations in and
pithiodl - odmprising - epitaxially depositing  substitiitions to the above method are pos- 60
~ from the vapour phase a single crystal layer sible, as described-ib the Sigler publication,
& semfconductor material on. 4 single suprd, and us Will. b¢ more particularly
20 ctystal - sdbstiaté - of said  seffiidvfiductor pointed out heéreinafter. . .- . ¢
niaferial with frbtusioir -ong in édch of the ~ Although fise of epitaxial tethods are be-
two consisting of ‘sdid layer and @id sub- coming. more prominent -in semiconductor 6§
strate - of Ltwo “jrpirities -determining - the manufacture becase of- the various advan-
| same eondustivify type and of different ¢on- t;iges/-associitéd -thetewith, . it is neverthe-
25 cefitrations and- the fither iniclusion in that less desirable to contivie the manufachire
ofi¢: of: the  two: containifig. the greatér im- of most of the devices whose - operating

“e-

putily corcendtdtions of u fofthér impurity chatacteristicd are identical to devices made 70
of o coficefitrition ifterniediate to thos¢ of according to older methods. In this sense,

__ the other tiviro:'-ipjpﬁﬁticﬁs;.-determiniﬁg; the epitaxial technology ptovides a new and im-
30 Jpposits condactivity - type, and. of sub- proved method of making devices whose' "
stantiglly: greater diffusion coefficient thafi operating chatacteristics are unchanged over

that -of -the ‘imptity Of said greater ton- the older devices, although in many. in- 75
centrations and imultaneously diffiisifig the stances the device structure itself will be
- two imiplirity condertrations ifi said ofie of different. = -~ - C
35 the twor: agrossthébbundatyﬁetweenthe - The- present inventiort takes advantage of 7~
tWo- to -for “said -jlinctions it the other of and utilizes epitaxial techniques in conjunc-:
the two. L2 . tionwith Jiffission- techniology to’-provide 80
A description of the generdl techinblogy devices having essentially the saine’ applicas
_ relating to! spithial hethods 4iid ‘devices is tions-as some of the equivalent devices made:
40 given it .the-publication by Siglet, 1. and:  according £o-"older’ methods; ‘wherein-:the. ¥
‘Watelski;- 8. -grititled FEpitaxial Techinique. chiaractetistits ar8 improved and thedevice:
‘3" Semicoriductor-:: Device, Solid - State’ strictute gy advantages heretofore . un- 85

Jodtnal; 2, (1961). +.Thig. technology in- realizedt. -In- particular, the: invention. -is




diFFusion

conoemed ;w1th a semwonductor devwe

‘¥ Bavih & pic of rectifying junctions formed

d

15

20

by the simultancous diffision of.:two im-~

tion "of ‘the body of the semiiconductor deé-

vice is epitaxially grown on a singlé ciystal i
substrate, and simultaneous ' therdwith ot - wi
subsequent thereto, whichever is more ad-.
0 vantageous as will be explained hereinafter,

there is carried out the sxmultaneous dif-

fusion of ‘two- impirtities ‘contained in . the

body to form a pair of junctions. The im-
purities are either incorporated in the
original substrate so that the junctions are
difiused in the epitaxial layer, or the im-
purities are deposited with the epitaxial
layer so that the junctions are dif-
fused in the substrate. The simultaneous
difussion of opposite type impurities of dif-

fering diffusion- coefficients to form a pair.

of rectifying junctions is very advantageous
in that the width of the region between the
junctions: (normally : the base region: of a

5 transistor) may be-made as narrow as de-

30

sired: and controlled to very close tolerances.
Moreover, as will become -apparent : herein-
after, the: absolute. impurity concentrations
can be closely controlled as. d; :consequence

of using . epitaxial : methods. . -:All of thése,

advantages arid-others:to be discussed ‘here-

- inafter make possible -the' manufacture of

35

40

* rectifying ;unctlons made by

50

devices: more expediently ‘at l¢wer costs-and

with - closer . toleranoes than heretofore pos-

sible.

way of .example, with refeérence to' the ac-
companying drawings, wheteiti like reference
numerals refer to: like parts throughout the
several - ﬁgut\es and -in which: -

-Fig. 1 is an-illustrative-sectional view of a
* furnace for epitaxially growing on a single

crystal semiconductor substrate a: single

crystal layer of the semloon@uctor material;
- Fig. 2 is an elevational view in'section of'
a semiconductor body ‘having a pair- of
& method of
the invention:
- Fig. 3is a sectlonal view' m ele'vatlon of
a portion of the semiconductor body of Fig:

2 and'a graphical illustration of the impurity.

- concentrations as. a function of dxstance

55

through the.body; and

Fig. 4 is an illustrative view of a. trans:.

istor made " accordmg to the mcthod of the

_ mventlon

60

% Accordmg to one aspect of the mventwn:

a . sémiconductor dévice .is. made . by an.
epitaxial .process wherein. two impurities.-of
opposite . conductivity determining types;and:
of ; different diffusion - coefficients .-are .. con-.

< tained :within a single crystal semiconductor

65

substrate, . -
according to the Sigler publication, supra, a
single crystal layer of the semiconductor

- aspect the two 1mpurrﬂeg _
pu;mtw&of opposne conductivity determining .
types and of different. diffusion rates. A por- ..

The inveition will now be descnbed by:

and by an epitaxial process:
_ as an n-

matenal is grown on the.
vide a continuation t

semlconductow comp '

s1mu.ltaneously daifused from ~portion of
the semiconductor body wherein they are
contained inmto the epitaxial layer -or -the
original substrate, whichever is. the case.

75

That i to say, the impurities aré diffused

from the region of higher impurity concen-
tration to the region of lower impurity con-
centration. - The concentration of the faster
diffusing impurity is less than that of the

slower. diffusing impurity, so that after dif-

fusion, the slower impurity will be in a
conoentratlon -sufficient to cause' the. forma-
tion of a rectifying. ]unctlon by:

tion .of the: faster impurity. - On- the other

hand, the ‘faster impurity “outruns” the
slower and . forms another. ree’t;z:ig ‘junc~
by the.

tion spaced -from. the. junction fi
slower: impurity. -In.the case where the: two
impurities are contained within the - original
substrate, the semiconductor compound used.
to provide the epitaxial layer: is. also doped:

with an impurity of the same type as-that
- of the slower. diffusing impurity to provide
the epitaxial layer with the desired electfical.

conductivity of the same type as the slower

1mpunty In the case where the two im-

purities ‘are . contained 'within the epitaxial

layer,  the ongmal substrate 1s doped w1th,

this. impurity.

- In order :to famhtate the descnptton of
the invention, reference will be ‘had to an

n-p-n silicon transistor wherein two im-
purities of opposite conductmty determining

are contained within a' single crystal
silicon substrate and a- singlé -crystal -silicon
layer is epitaxially - grown thereon.. In this
case the rectifying junctions are formed with-

in the epitaxial; layer by diffusion: -. How~

ever, ‘it is expressly ‘recognized -that the
method is also" applicable to the provision
of -the two -impurities in-the compound- of

the semiconductor in the vapour phase used

to produce the growth of the epitaxial layer.

- In such "case, the -junciions are formed
thhm the original -substrate by- diffusion.
The method is-also applicable to any semi-

conductors capable of -being: diffused with:

impurities and which are suscepftxble of
epitaxial growth. . .-

‘A single . crystal. sxltcon substrate usually-
in the form of a wafer, is doped: umformly-
throughout- with both a.p-type. and [o-type

impurity. " For example, Jboron . iy .guitable’
as a p-type impurity’ and- arsenic. is suitable
unpunty, the: former having a

greater diffusion coefficient than' the latter.

compensa--
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_ of time in which the wafer is maintained at
' these temperatures. In the’ method of this”
s invention, the epitaxial growth is continiied
i until the layer reaches the desired thicknéss.
1" The tim ﬁmred' to achieve this thickness 70
* may be sufficiently long to cause the im* ~
thdt” doey lie in one” puritics ‘contained " in' the substrate fo . dif-"
_ - Thiyis, hormally ihe 11,1 fuse to ‘the' desired’ depth into the layer 10°
Ciyng for silicon;’ “Tho faccs of the wifer ~form therein 3 pair o spaced, rectifying
10, T aion mechaically “andjor chemically * junctions. 1 te cvent i the " epitaxial 3.
“4 polished by ‘conventional methods to'perfect’ layer thickuess i " obtained before the dif-* **
them ‘to ‘the ‘highest” possible: degree.” 7 T fusion’ hias been " sufficiently carried out, the
A ‘gingle crystal ~ silicon ™ layer ‘15 then flow of the vapourized mixture is stopped.
opitaxially grown on a face of the wafer. As' and the wafer-is maintained at the elevated
is shown in Fig. -1 the wifer now designated at: temperature to continue the diffusion with- 80
g jg placed, within u furnace designated out the contimued: growth of ‘the layer. Or,’
generally axt2,wh1chcompnsesanenclosure alternately, the flow is “stopped, the tem-
having an inlet and an outlet and means for  perature § the wafer lowered, and the wafer.
locally “heating ‘thie’ ‘wafer 1o the ‘desired; removed from the furnace and subsequently’
20 elevated * temperature. The, firnace* coni~ heated to -complete the diffusion. "~ 85,
“ prises a quartz ‘tube '8 having’ an’ outlet 10:°  The_ foregoing ‘is & description of the -
adjacent “one end “thereof’ and ‘having ‘an: general steps for carrying out the method.
infet 12°adjacent the otherend.” A Temov:: In general the epitaxial growth is carried out’
able 'stopper’ or plug ‘14-blocks oneend of in accordance with the description in the
25 thé tube -and, provides access to”the interior Sigler publication supra. Any suitable fur- 90

* thiereof. Passing through the plug ‘are two: nace‘that provides an enclosure and localized
electrical - connections 16 and 16" that sup- heating can be used. - The localized heating,
port ‘and ate electrically connected to-a- of the wafer without corresponding heating’
g‘ra_phite_platform_ ‘18- which is used as’a of the furnace walls’ merely prevents de-.

30 resistance ‘heater. " The wafer 4 rests on this; positing the -semiconductor material on the 95

" platform., ‘The selectrical * contiections are’ walls of the furmace. = o e
coniiected to a current supply” for passing  There is shown in. Fig. 2 the: ‘epitaxial
current through the platform-for-hieating the: silicon ‘body made according’ to the fore-
Wafor, o Doanobn fiU U going description WEE WO rectifying ‘junc-.

35 ‘'Cuirent’is passed through the heatér 18 to'  tioms separating’ the body into three regions 100
-7 rajse " the temperatute of 'the silicon. wafer  of alternating conductivity type. The dashed
to aboiit 1000°C- to- 1300°C. " A vapourized’ line 20 represents the ‘mechanical interface:

- mixtufe of “hydrogen and a ' silicon-halide between the’ original substrate -wafer 4 and
~ compound “doped’ with “a “suitable" n-type the’ epitaxial layer, mow. designated at 22,
40 conductivity, detérmining iffipurity is passed Kdeally, the fiechanical interface s perfect 105-
" thfough: the inlet- 12 ‘and over the face of. and - copstitutes ‘& continuation of the sub-
the wafer. ~“The above temperature range is’ strate crystal, ‘although in: practice there

sufficicitly b : . '
the, silicon‘talide compound in the presente  simultancous diffusions of the two impurities.

gl 10, Catisé’ the' teduction of are some irregularities at this interface. The.

45 of hydrogen 't clemerttal silicon:.and an  contziaed in-the wafer produces a first junc-' 110
7" acid of the. lialide. “The elemental silicon tion 24, caused by, the faster diffusing boron, -
de;\;os1ts*mi"the's’u.‘l‘fa':éé of 1 : '

eposits® ort 'the suiface of the ‘wafer dnd and a second junction 26, caused by fthe
grows asa ‘single, ‘crystal 10 1 ide'a con- slower diffusing’ and- more heavily concen-’

' tindation ‘of the wafer crysta " Because of trated arsenic. The epitaxial layer is doped ___

50, the’ iipurity tontaiied “in~the vapourized with an impurity such’ as: phosphorus as 115

¢ rifixture, ‘the’ epitaxial layer grown fown on ‘the alluded’ to above, but' the ‘concentration ‘of

. fabe of the whfer is doped and fésults inthe  the  phosphorus “is sufficiently’ low’ to be
conductivity type of this ‘impurity, which; in domindted by the ‘boron between the junc-

this ‘case s i-type’ conductiviy, . . o tions 24 ‘and 26, Thus the portion 28 of

55, * Simultaneous’ with itaxial ‘growth; the epitaxial Jayer between the surface of 120

E

th?.;i!%ﬁlﬁﬁéb contiiined ifl the waer migrate  the Tayer and the junction 24 constitutes a
by diffusion into, tho épitaxial layer. The first region “of ‘4’ first, conductivity type;. 1=
cxtent of ‘diffusion Witl;of ‘course, be de- type it this" example; the portion 30 of the
© termin e of the wafer layer between'the two junctions 24 and 26
60, and 1 ‘time that the constitutes @ sécond region of the opposité 125
*  elevated teriipératureis i od. wherein  conduetivity “type, p-type i the ‘exampley’ V¢
" specific times and“teriperatures "will ‘be ‘get  and: the entitety of the original substrate and
forth below, * For silicon, however, diffusion the ‘portion ‘of ‘the layer between the 'inter-
. i slight at 1000°C and is quite extensive at, face 20 and the jumction 26 coustitutes 2 .
65, 1300°C, stibject, of co irse; to the duration third “region of the same conductivity ‘type 130
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1-p;1, il transistor capable of pperating  mij suflicient in concéritration to
at, very }fglh rgguen,c,les ¢l ;:}l cqm-pensate the hosphorus ,l,mpm:xty tq,a._
( tbg tramlst 1; t g;ve sus; qyl.op(er . depth of aboyt 1.6 microns; at which, depth_
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tions for the corresponding diffusion co-
efficients. Moreover, semiconductor materials
other than silicon can be used. If ger-
maniym is chosen as the semiconductor
material, it is well understood that, in
general, the same impurities that are effec-
tive in determining a particular conductivity
type in silicon are also effective in deter-
mining the same conductivity type in ger-
manium. However, the faster diffusing im-
purities in silicon generally are the slower
diffusing in germanium. Compound semi-
conductors can also be used, and suitable
impurities and their diffusion coefficients are
well known. The requirements of the
method of this invention state, however,
that the relative conceuntrations and relative
diffusion coefficients of the impurities used
mast be chosen to produce a pair of recti-
fying junctions in the semiconductor when
simultaneously diffused into a region of con-
ductivity type the same as the slower dif-
fusing impurity. However, there are no
particular requirements as to the depths
to which the impurities must be diffused or
the absolute concentrations thereof, as this
will vary according to the particular device.
In this connection the invention has been
described with reference to an n-p-n silicon
transistor of very narrow base width and
the impurity concentration of which is
graded throughout the base.

The flow rates and concentrations of the
various constitnents for the epitaxial pro-
cess have been desoribed with reference to a
silicon n-p-n narrow base transistor. 'How-
ever, the Sigler publication, supra, discloses
variations and modifications to these para-
meters, and it is expressly understood that
the particular flow rates and concentrations
given above are for illustrative purposes
only. These parameters will vary according
to the particular device under consideration.

The invention is not limited to the simul-
tancous diffusion of two impurities from
the original substrate into the epitaxial layer,
but, alternatively, the original substrate can
be doped with a single impurity of rela-
tively low concentration, such as about 1013
atoms/cm?® of phosphorus, and the vapour-
ized epitaxial mixture can be doped with
two opposite type impurities. Here, the
migration of impurities by diffusion is from
the epitaxial layer to form a part of
rectifying junctions in the origimal - sub-
strate. In this event, the regions of the semi-
conductor body shown in Fig. 3 are re-
versed. :

The advantages gained by fabricating the
device by epitaxial growth are manifold as
compared to older methods of simultane-
ously diffusing two impurities into a semi-
conductor body to form therein a pair of
rectifying junctions. In the older methods
of growing a portion of a semiconductor

‘the preferred embodimenty

body from a melt doped with a first im-
purity, and subsequently adding two op-
posite type impurities and continuing the
growth while the impurities diffuse into the -
body, there is much difficulty encountered 70
in controlling the exact concentration of the
impurities. is is largely due to the segre-
gation of the impurities in the melt upon

freezing of the semiconductor duting .. . .

growth, and the non-uniformity of mixing 75
of the impurities in the melt. Moreover, the
junctions formed in a melt-grown |
are curved due to the crystal growth, and
thus the junction Jocations from the end of
the crystal vary throughout the diameter 80
thereof. _ - : T
Another previous method includes the =~
simultaneous diffusion of two impurities
from the vapour state into a semiconductor
body. It is common knowledge that it is 85
very difficult to control aocuratelﬁ the con-
centration of the impurities at the surface
of the body, where this concentration deter-
mines the concentration of the diffused im-
purity within the body. 90
In the present invention the concentrations

- of the various impurities can be very accu-

rately controlled in the original substrate -
material and in the epitaxially grown layer.

In fact, the impurity contro] that can be 95

exercised by epitaxial methods far exceeds
that possible by the older methods.

By using epitaxial methods, very little, if
any, of the semiconductor material is wasted

in production. Finally, the junction profiles 100 -

are flat, in contrast to the older melt-grown
method, because of the flat interface between
the substrate and the epitaxial layer.

The invention is not intended to be
limited to the specific details mentioned 105
above in connection with the description of
thereof, but
modifications and substitutions within the
scope of the invention as defined in the
appended claims will become apparent to 110
those skilled in the art..

WHAT WE CLAIM IS:—

1. A method of making a semiconductor
device having therein two spaced rectifying
junctions, said method comprising epit- 115
axialy depositing from the vapour phase a
single crystal layer of semiconductor material
or a single crystal substrate of said semi-
conductor material with inclusion omne in
each of the two consisting of said layer 120
and/ substrate of two impurities determin-
ing the same conductivity type and of dif-
ferent concentrations and the further in-
clusion in that one of the two containing
the greafer impurity concentration of a 125
further jmpurity of a concentration inter-
mediate to those of the other two impuri-
ties, determining the opposite conductivity
type, and of substantially greater diffusion
coefficient than that of the impurity of said 130

sad

T




1036341

. tions for the corresponding diffusion co-
efficients. Moreover, semiconductor materials
other than silicor can be used. If ger-
maniym iy chosen as the semiconductor

5 material, it is well understood that, in

. general, the same impurities that are effec-

- tive in determining a pasticular conductivity
type in silicon are also effective in deter-
mining the same conductivity _t{ggsiin- ger-

10 manium. However, the faster diffusing im-
purities in silicon gemerally are ‘the slower
diffusing in germanium. Compound semi-
conductors can also be ysed, and suitable
impurities and their diffusion coefficients are

15 well known. The requirements of the

. method of this invention state;” however, th

~ thay the relative concentrations and relative
diffusion coefficients of the impurities nsed
mast be chosen to produce a pair of recti-
20 fying junctions in the semiconductor when
simultaneously diffused into a region of con-

ductivity type the same as the slower dif- -

fusing impurity,. However, there are no
particular requirements as to the depths
25 to which the impurities must be diffused or
the absolute concentrations thereof, as this
will vary according to the particular device.
In: this connection the invention has been
described with reference to an n-p-n silicon
30 transistor of very narrow base width and
the impurity concentration of which is
graded throughout the base.
The flow rates and concentrations of the
various constituents for the epitaxial pro-
'35 cess have been described with reference to a
silicon p-p-n narrow base transistor. How-
ever, the Sigler publication, supra, discloses
variations and modifications to these para-
meters, and it is expressly understood that
40 the particular flow rates and concentrations
given above are for illustrative purposes
only. These parameters will vary according
to the particular device under consideration.
The invention is not limited to the simul-
45 taneous diffusion of two impurities from
the original substrate into the epitaxial layer,
but, alternatively, the original substrate can
be doped with a single impurity of rela-
tively Jow concentration, such as about 1015
50 atoms/cm3 of phosphorus, and the vapour-
ized epitaxial mixture can be doped with
two opposite type impurities. Here, the
migration of impurities by diffusion is from
the epitaxial layer to form a part of
53 rectifying junctions in the original sub-
strate. In this event, the regions of the semj-
‘conductor body shown in Fig. 3 are re-
versed. -

The advantages gained by fabricating the
device by epitaxial growth are manifold as
compared to older methods of simultane-
ously diffusing two impurities into a semi-
conductor body. to form therein a pair of
rectifying junctions. In the older methods
S of growing a portion of a semiconductor

body from a melt doped with a first im-
purity, and subsequently adding two op-
posite. type impurities and continuing the
growth while the impurities ‘diffuse into the
body, there is much difficulty encountered 70
in controlling the exact concentration of the
impurities. 'This is largely due to the segre-
gation of the impurities in the melt. upon
freezing of * the .semiconductor during
growth, and the non-uniformity of mixing 75
of the impurities in the melt. Moreover, the
jusictions formed in a melt-grown process
are curved due to the crystal growth, and
thus the junction Jocations from the end of
the e%rfystal_ vary throughout the diameter 80

ereof. ' o : -

Another previous method includes the
simultaneous diffusion of two impurities
from the vapour state into a semiconductor
body. It is common knowledge that it is
very difficult to comtrol accurately the con-
centration of the impurities at the surface
of the body, where this concentration deter-
mines the concentration of the diffused im-
purity within the body.

In the present invention the concentrations
of the various impurities can be very accu~
rately controlled in the original substrate

85

90

material and in the epitaxially grown layer.
In fact, the impurity contro] that can be 95
exercised by epitaxial methods far exceeds
that possible by the older methods.

By using epitaxial methods, very little, if
any, of the semiconductor material is wasted
in production. Finally, the junction profiles
are flat, in contrast to the older melt-grown
method, because of the flat interface between
the substrate and the epitaxial layer.

The invention is not intended to be
limited to the specific details mentioned
above in comnection with the description of
the preferred embodrimeny thereof, but
modifications and substitutions within the
scope of the invention as defined in the
appended claims will become apparent to
those skilled in the art..

‘WHAT WE CLAIM IS:—

1. A method of making a semiconductor
device having therein two spaced rectifying
junctions, said method comprising epit- 115
axially depositing from the vapour phase a
single crystal layer of semiconductor material
or a single crystal substrate of said semi-
conductor material with inclusion one in
each of the two consisting of said layer 120
and} substrate of two impurities determin-
ing the same conductivity and of dif-
ferent concentrations and the further in-
clusion in that one of the two containing
the greater impurity concentration of a 125
further impurity of a concentration inter-
mediate to those of the other two impuri-
ties, determining the opposite conductivity
type, and of substantially greater diffusion
coefficient than that of the impurity of said 130
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greater aonnemtratxon, and mmultaneausly
diffusing the two imputrity. concentrations
in said one of the two across thebcundary
between the two to form said junctions in
-5 the other of the two. " .
2. A méethod accordi
in said one of the two. 1s1hasubstrate. -
3. A method acconding o claim 1, where-
in sa1d one of the two iy the layer. .
30 4. A method according to any preceding
" claifn wherein said simultaneous diffusion is
cartied out s:mlﬂtaneously with said @ﬂ-
axial deposmon _

to olalm 1, where- :

5 A melilod of maokmg a semwonductor
- therein two spaced rectifying 15
smnmlly as -hereinbefore, de-

lunctlons, Y
eu’ence to the amompany- _

mbedm

ing drawmgs. ;
6. A se-mmonductor device havmg therem

'two rectifying Junctlons and laxlr:;\de by the 20‘

method of -any, prec -amm.
Clmltered 'Patent Agents,
SGray’s Tnn Squﬁ 1L.ondon, WCl
94 Hom“swet, -Glasng. c~2~_

Berwick-upom'l‘weed Pmued for Her qu!ty'l Staﬂonety
O Byildings,
e obtained

Published 2t the

Patent  Office, 25

OEiceby Tweeddalel’reuLtd.—-lm
London, w.C2 from which copies mev

e

g

. L




