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COMPLETE SPECIFICATION

Full Wave Rectifier Structure and method of preparing same

We, TEXAS INSTRUMENTS INCORPORATED,
of 6000, Lemmon Avenue, Dallas, Texas,
United States of America, a corporation
organized and existing under the laws of the
State of Delaware, United States of Americu,

.do hereby declare the invention, for which we

10

pray that a patent may be granted to us, and
the method by which it is to be performed, to
be particularly described in and by the
following statement:—
The present invention
improved structure to be used as a full wave,
high voltage semiconductor rectifier and to

- the method of making same. More particularly
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the present invention relates to a construction
for a full wave, high voltage semiconductor
diode in which junction type semiconductor
bars or wafers are employed and to the method
of making same.
It is the object of the present invention to
rovide an improved structure for a full wave,
gigh voltage semiconductor rectifier or diode
which will be characterized by the ability to
withstand high voltages and great mechanical
shock in use. By semiconductor is meant
silicon, germanium and other materials having
like properties, further examples being indium
arsenide, gallium arscnide, gallium antimonide
and silicon carbide. One of the principal
problems in connection with semiconductor
diodes or rectificrs, particularly of the junction
type, is the difficulty of attaching lead con-
nections to the semiconductor components. It
is thought that this problem may be due to
the differcnces in thermal properties of the
semiconductor material and the materials used
to connect leads to the semiconductor material
as well as the materials forming the leads
themsclves. It seems that such differences in
thermal properties, primarily thermal coeffi-
cients of expansion, sometimes result in crack-
ing or parting of the leads from the semicon-
ductor element normally in the form of a bar
or wafer. :
It is a principal object of the present inven-

[Price 3s. 6d.)

relates to an -

tion to provide a structure for a semiconductor
tectifier or diode and method of making same
whereby these problems will be solved and the
danger of cracking or parting of the leads will
be completely eliminated. Further, the con-
struction is such that the overall structure is
rigid and can be subjected to more than a
normel amount of mechanical shock without
danger of impairing the operation of the
assembly.

It is a further object of the present inven-
tion to provide a full wave, high voltage semi-

conductor rectifier or diode which can be’

fabricated readily and easily in an economical
fashion.

Tt is a further object of the present inven-
tion to providc an improved structure for a
full wave, high voltage semiconductor rectifier
or diode which will function in an efficient
manner under severe conditions of use.

According to the invention a structure for
usc as a full-wave rectifier comnprises a pair of
semi-conductor clements cach having an n-
type rcgion, a p-typc region and a
p-n junction formed thercbetween, where-
in means for cstablishing elcctrical con-
ncction to at lcast onc of said regions
comprises a coating of metal applied to said
region, a layer of substantially pure tin over-
lying said metal coating and an external con--
ductor connected to said region by being
soldcred to the layer of tin.

The invention is illustrated by way of
example in the accompanying drawings, in
which;—-

Figure 1 is a view in top plan of the novel
structure;

Figure 2 is a view in section taken along
linc 2—2 of Figure 1;

Figures 3 and 4 are views in section illu-
strating in detail the manner in which con-
nections are made;

Figure 5 is a view in perspective illustrating
an alternative arrangement for the assembly;

Figure 6 is a perspective view illustrating a
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5 pin 13 underlies the bottomof the bar 20 with
surface of the ele-

| i ke manner, nment, and a_ri o RoLtd

sgl dered or weldéd to pin 15 underlies
¥ vhi gh li kewi se is soldered to it.
‘Hlai me

extendi ng across the end
the bar 20 being soldered to it. In

t he bar
structure as .

el errent .
6. A full-wave rectifier

. A still further arrangenent for the assenbly ’
3 Iany prleceding claim wherein the el8&hBhts. ___10is _

ifll ustrated—n Figure 6 wiere again _the two are copposed of silican.

s 20 and 2%'2afg hfrliFFrt© iaﬁafﬁgbﬁ“éﬁ% @abgggﬁ@g;ch:;g;ﬂ?ﬁ%ﬂﬁ,ﬁﬁlgjwma‘ew %ﬁt ifier
ructure as i’ghl‘%‘?‘ s a vicw Litnfidr hy/ FipQE Dahowt O diod® 200hd 1 GilPbel&dspended betvech i N

y of Cai MBing. ah Qrebngeiidne firebrporbting vedfez moipAt sach pair of tabs in spaced relatigrafsem thehe

15 New Jersey. This particular alloy is used quite the temperature ranges in which the unit will 80
cxtensively for glass-to-metal hermetic seals be operated. Thus, the semiconductor bars or
in the semiconductor art and undoubtedly it wafers are attached to the tabs 17, 18 and 19
will be familiar, The cup 10 is formed with in a unique fashion to eliminate completely
an annular depression 11 adjacent to its up- the possibility of cracking or parting during
20 standing rim or wall for the purpose of receiv- use ‘in the temperature ranges encounted 85
s ing the edge of a can 40 which normally during operation. '
4 encloses units of this type. Since the covering The specific structural arrangement for the
b of semiconductor units by a can is entirely conncctions as well as the method which is
3 conventional in the art, it sccms unnecessary utilized to make the connections will now be
e 25 to dwcll upon it other than to mention it in described in somec detail with reference to 90
Yy passing. Retained in the metal cup 10 and pro- Figures 3 and 4. The semiconductor bars 20
™ jecting above and below it are a series of three and 21 are first prepared by sand-blasting
' pins 13, 14 and 15. These pins are insulated their end surfaces. The i)utpose for this is
from the cup 10 by means of glass eyelets 16, cssentially two-fold, namely, first to cleanse
30 as is conventional. The assembly described the ends of the semiconductor bars by remov- 95
. thus far would constitutc a three-pin minia- ing foreign matter and greases in particular;
3 ture base. It is possible to use a seven-pin and secondly to roughen the ends of the semi-
) miniature base of the type presently com- conductor bars so that it will be possible to
3 mercially available. By this means the coat the ends and so that the coating will
: 35 assembly of the present invention could be obtain a good grip on the semiconducter bar. 100
used directly as a replacement for miniature Subsequent to this, the ends of the semicon-
2 tubes such as the 6X 4 type. ductor bars are plated or otherwise coated
5 Connected to pin 13 above the metal cup with a metal such as nickel, thodium or other
10 is a tab 17 which is mounted in a vertical equivalent (for example gold or copper) in the
40 glanc. The connection to the pin 13 can be fashion particularly illustrated in Figure 3. 105
3 y soldering or any other convenient procedure For purposes of discussion, the following will
& such as welding. Similarly, a tab 18 also lying be limited to nickel, however, it will be fully
3 in a vertical plane is comnected to the pin 14 appreciated that other metals can conveniently
i and a tab 19, likewise extending in a vertical be substituted. The end of a semiconductor
4 45 plane, is connected to the pin 15. Extending bar, say for example bar 20, is plated with 110
between the tabs 17 and 18 at their upper ends nickel to form a substantially cup-shaped
- is a scmiconductor diode 20 and extending nickel layer 30 which not only covers the end |
H between the tabs 18 and 19 at their upper of the semiconductor bar 20 being treated, but i
: ends is a semiconductor diode 21, Each diode also extends slightly around the semiconductor \
$0 is composed of an n-type section and a p-type bar 20 as indicated by the rim portions 31 of 115 :
section with the n-type sections of the diodes the nickel coating whereby the coating will cap
20 and 21 being designated as 22 and 23, the end of the scmiconductor bar 20. This
respectively,.  The p-type sections of the particular technique insures that the nickel
diodes 20 and 21 arc designated by the will not only be in contact with the end sur-
55 numerals 24 and 25, rcss)cctivcly. Although a face of the block 20 but also will extend 120
grown junction bar is illustrated in conjunc- slightly around the semiconductor bar and
tion with Figures 1 and 2, the method of the grip it at these points as well.
present invention is equally applicable to After the end of the bar has been nickel
wafers. There is, of coursc, formed between plated as above described; it is then tinned
60 the n and p-type sections of each diode a with substantially pure tin using a soldering 125
rectifying junction which is represented iron. In this operation, the tin is placed onto
raphicaﬁy in Figures 1 and 2 by a transverse the nickel plating 30 somewhat in the frrm
ine located approximately at the mid-point of an irregularly shaped mass of tin 32 which
of the diodes. The ends of the diodes 20 and  likewisc extends slightly around the semicon-
68 21 arc prepared in a special manner as will be  ductor bar 20 ovcrfying the nickel plating at 130
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and 52 are provided respectively soldered to
t he P- type sectlons 24 and 25 of the bars 20

r hod

ium

20

coating is conmposed of

e | nd 21
1 SRt e T =Si=rge g as— et et — ahRe—21=

The,tab 51 is fixed to the pin 13
el enents® 85 and the tab 52 is fixed to the pin 15.
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due to the differences in coefficients of thermal

Fansxon of these two materials. In this

soldering operation a solution of zinc chioride
and ammonivm chloride in water can con-
veniently be used as the flux.

The tabs 17, 18 and 19 are composed of a
material having thermal properties closely
akin to those of the semi-conductor material of
bars 20 and 21. It is important that the
materjals of the tabs and bars have coefi-
cients of thermal expansion closely related. It
is preferred that the tabs be composed of
material known under the Registered Trade
Mark “ Therlo®™ which is an iron-nickel-
cobalt-molybdenum ‘alloy prepared commer-
cially by the Driver-Harris Co., of Harrison,
New Jersey. The coefficient of thermal expan-
sion of this material is close to that of silicon
and germanium in the temperature range of
—50° C. to 150° C. the operating range for
the units of the invention. The tabs can be
soldered or welded to the pins thereby making
for case of assembly of the units.

During soldering of the bars to the tabs a
pressure is exerted to force the two elements
together, By virtue of this action, tin is
squeezed out from between the end of the bar
and the tab so that the end of the bar lies sub-
stantially against the surface of the tab. There
remains, howevcr, a relatively thin layer of tin
betwecn the end of the bar and the tab. This
remaining layer is thin enough so that jt will
comply with the expansion and contraction of
the tab and bar during temperature vatiations.

The sequence of soldering cf the ends of the
semiconductor bars 20 and -21 onto the tabs
17, 18 and 19 is of significance. Care must
be taken at all times to insure that the semi-
conductor bars are supported by at least one
tab. The preferred procedure for soldering
the two leKf es 20 and 2] onto the three tabs
17, 18 and 19 is as follows. First, one of
the diodes 20 or 21 which has been prepared in
accordance with the procedure outlined above,
for example by being nickel plated and tinned
at both ends, is brought into contact with the
center tab 18 which has been _previously
tinned, and this particular diode is soldered
to the center tab 18.  Subscquent to this the
other end of the same diode is brought into

del of W€

21—tab 19ntht tabsbelatsatevmis nanedent er
scg}:;? "Fnﬁttgc ef? c ter, he ot c
S Bkt e PRAGS tﬁ
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% it. A Dhaingrthd Solmm@c hed
sg(dltlpm t}ree g’gr@m, Wi filgt soldered diode will be sup-
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ﬁlrg§ the sol corfeci fter tab
18 beconf2d) malf 61*‘ufaEy]'ﬂﬁeeorﬁdt @ad t ab
<08 ke seeond| disdiois selflesed 195r< AFPICCH6.

become apparent that during the soldering
operations, at least one end of each semicon-
ductor bar is attached to a tab at all times.

An alternative procedure for soldering the
diodes in place would consist in first soldering
dicde 20 to the tab 17 and then solder dwde
21 to the tab 19.  As a final soldering
ation, the other ends of the diodes 20 and 21
could be brought into contact with the center
tab 18 and both ends would be simultaneously
soldered in a single operation.

After - the sol«fermg operations have been
completed the electrical properties of the
diodes are improved in the following manner.
The first step in preparing the structure is to
wash it in hot distilled water. The tempera-
ture of the water during this washing opera-
tion should be approximately 90° C. It has
been found that approximately three changes
of water are helpfu!l during the washing oper-
ation. Although the hot water has been
specified as 90° C it will no doubt be appre-
ciated that minor variations of this tempera-
ture are;permissibie.  This washing operation
is to remove all traces of flux.

After having been washed in hot water, the
unit is then placed in an oven where it is
dried. ‘ It is recommended that the oven be
at a temperature of approximately 120° C. and
under these circumstances it is possible to dry
the units in approxlmately 15 mmutcs Again,
there may be some variation in the tempera-
ture of the oven and it should be apparent that
a highe: temperature would normally produce
a shorter drying period. It is, of course,

essential in the drying operation not to use an-

cxcessive temperature in the oven as it is
entirely possible to damage the p-n )unctmm
of the diodes. In like manner, an excessive
temperature in the oven could also soften the
solder thcreby weakening the joints.  For this
reason, it is recommended that the temperature
of the oven not be greatly in-cxcess of 120° C.
Additionally, lower temperatures can be used
for the drying operation, but under these cit-
cumstances, the drying period becomes
lengthened and such is an undesirable result
from a ‘standpoint of a commercial operation
as the drying of the units can become a bottle-
neck to production. It would also be pos-
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14 held by netal cup 10, the wire 65 is alignnment on opposite faces of the
said inter- attached to pin 13; and the wire 66 is

Ol eSSt —— ettt R e OOt wr———~ 35—to—pin 15
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ent, the dipdes mas

the units, it is recommended that a dye be
placed in the masking material so that the per-
sons engaged in masking will be able to con-
trol the extent to which the units arc masked.
It has been found particularly useful to emplov
a red dye such as Sudan III, manufactured by
Allied Chemical and Dye Corporation in the
masking material.

Following the masking of the units, they
are then subjected to etching which can be
conducted in an etch solution known in the
trade as “ CP—4 ", This particular etching
medium is recognized in the art as a standard
etch for semiconductor components and was
developed by Bell Telephone Laboratories,
Inc. The etching medium is composed of a
group of chemically pure acids in about the
following proportions: Hydrochloric Acid—
15 cc.; Nitric Acid—25 cc.; Glacial Acetic
Acid—15 cc.; and Bromine—5 drops. This
particular eiching medium, as mentioned
above, is a standard etch and is recognized
throughout the art for use in connection with
silicon and germanium, The units are
immersed in the standard etch solution for
approximately two minutes and then remoyed
and washed in distilled water. The washing
of the units is carried out until all traces of
the ctch solution have been removed and there-
after the units are dried in an oven.  Again
it is recommended that the oven be at a tem-
perature of approximately 120° C.

Subsequent to the washing in distilled water
and drying in an ovén, the units are then exam-
ined to determine the electrical properties of
the junctions. The testing is conducted in
essentially two ways by subjecting the units
to a high reversc voltage to check the reverse
leakapge current through the junction, and by
subjecting the units to a forward voltage to
check the soldered connections and the forward
characteristics of the diode. For the units
which test satisfactorily, the following addi-
tional treatment is neccssariz The masking of
the metal parts is rcmoved by a solvent, as for
example, by washing the units in a hot carbon
tetrachlorid¢ bath,  The units remain in the
bath until all traces of the masking material
have been removed from them.  Thereafter,
the units are removed from the hot carbon tet-
rachloride bath and then placed into an oven

Coning, Yaandds p vagpish including

sF apen e it . P o

VI RGrddr @atsipmR theQfhsionk; of athat thd Units be placed into an oven and baked

at a temperature of approximately 150° C. for
a period of approximately 24 hours in order
to cure the resinous material and harden the
protective coating.  An alternative procedure
which may be employed to protect the junction
of the diodes 20 and 21 would be to use a
material such as for example “ CIBA 5027
known in the trade under the Registered Trade
Mark “ Araldite ” and composed essentially of
a resinous material.  Use of this material
requires that the units be placed in an oven
and baked at a temperature of approximately
150° C. for a period of about 6 hours as these
conditions are necessary to cure the resinous
material and harden same. The principal pur-
pose of covering the junctions with a resinous
material is to protect them from stray metal
vapors and flux while soldering the cap on the

unit,

The final step in the assembly of the unit
is attaching the cap 40 onto the cup 10 in the
depression 11.  One procedure for fixing the
cap would be to solder the cap onto the cup
10 or alternatively the cap could be ring
welded onto the cup 10. In either case, this
step must be conducted in an inert dry atmos-
phere, as for example pure nitrogen.  If the
cap is ring welded onto the cup 10, it is con-

ceivable that the step of covering the junctions

with a plastic material can be eliminated since
the ring welding operation will have a much
less tendency to harm the junctions than would
the soldering operation,

Alternative arrangements for the full wave,
high voltage diodes are illustrated in Figures
5and 6. As will be appreciated it is essen-
tial, as in any full wave rectification operation,
to have the pair of diodes connected in com-
mon at ons end, This is achieved in the
embodiment of the invention described with
reference to Figures 1 and 2 by having one
end of each of the bars 20 and 21 connected
to the center tab 18. In Figure 5, this is
achicved but in a slightly different manner.
According to the illustration in Figure S, the
two bars 20 and 21, in place of lying in a
plane substantially parallel to the metal cup
10, lie in a plane substantially mormal to the
mctal cup 10.  Accordingly, the n-type scc-
tions of cach of the two bars 20 and 21 are
each connected to a tab 40 which spans across
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n-type region and a p-n
applied to said

1

| east one of said regions com
prlses a coatlng of neta
c - IIKC

nection to at
junction forned

. --L || a—=ret d.l

Iayer 0 substantlally pure tin overlylng said regions on both said

el ement®, tinning said metal coating and an external

conduct br con- netallic coatings each with a | ayer of substan-

50, _nected to said region by being soldered to the tially pure tin, taking
an i ntef medi ate conduc- 115 | ayer of tin.

'or, fofm_ng a coating at two places thé%@ﬂ 2. A
chul l ie reCt | fllwgrbqrs t25 U"% WEe AP acﬁll onamta’a(il; P Xonqgtc&«g\g aFoth"t%QdB{? k. ' OnSGSOf
)S'a| (3 el pirent s 41 is soldercd to the tab 40 at ﬂ uﬂ wavd fedifisrdtrdctie hakia;gaat | ng

to he I’ESrpf)z&txlls \l(ﬁvcpkrﬁmeSqll(éc&!ngr h.egég f(bg 111 @lﬁmf% @)Il’(licrcm the layer of :im is also
ﬁppl i ed 9 14. A tab 42 soldcred or welded to  cap- si% 1} corqusef m:n ap@,rg uctive
pin l inderlics bottm t 0, wi te
‘wonnect On the bar 20 bcm §|$dc g]dto 1 lezslt;f 'Iﬁ \Rﬁ\ééc jcfrox; %E‘mﬁ % amm? d
Heé nf t he t ywg 48l.Q864H os wald hﬁh ,ﬂ&[{gdl dar m erein

h aI of waibah21 \@Iﬂd’hdlkesh&rls soldered to it. 6. A full{“hae eodﬁgrmad:tuxs @ndumbd)r is

orrposed hag 2 :\ stll fgthepgyr Bﬁ vfefdhf % emblx/avae apeRieqefinmelainy Wieein e clements.
goefficlent’ o RN A T 5‘?@:? %‘54‘63 f&u Blubrfe 35 aglsser7sbed

ngdyShopn i n Mgurroaﬁaz to the metal cup 10. In msanﬁ b fnaaﬁgmio 5, @hdréi® the @RIntrte i €Nt
9 heral  lcdse) the ofypd frgiomc2 aByierng thetr aw @ d of germanium.,
se ; lower ends of the bars 20 and 21 and ull-wave rectifier structure as claimed ;
re 13 n—tyﬁe sections are soldered to a common tab in any preceding claim, wherein the said metal i
m o ugh which the pin 14 projects. The coating is composed of nickel. 80

a 85 pin 14 is, in these circumstances, soldered to 9, A full-waye rectifier structure as claimed _

» the tab 50. Substantially L-shaped tabs 51 in any of Claims 1 to 7, whercin the said metal i
le and 52 are provxded respectively soldered to coating is composed of rhodium.

f 20 the p-type sections 24 and 25 of the bars 20 10. A full-wave rectifier structure as claimed :
al and 21. The tab 51 is fixed to the pin 13 in any preceding claim, wherein both elements 85
n 90 ! and the tab 52 is fixed to the pin 15. of the pair are secured to a common conductor :
ly An organization is shown in Figure 7 in member by means of the layers of tin on the
e which is mcorpo'rated a pair of wafers 60 and respective elements.
1S 25 61 each characterized by a rectifying junction. 11. A full-wave rectifier structure as claimed
re In this assembly a center tab 62 is provided in Claim 10, wherein the elements are attached 90
s 9% having raised portions 63 and 64 projecting on  to opposite faces of said intermediate conduc-
2l opposite sides. A wafer is attached to each tor member and are disposed in register with
e raised portion by the method described in the one another.

30 foregoing. Attached to the faces of wafers 12. A full-wave rectifier structure as claimed
it 60 and 61 remote from tab 62 are wires 65 in Claim 11, wherein the semi-conductor ele- 95
e 100 and 66. The center tab is attached to pin ments are rod-like and are disposed in coaxial
e 14 held by metal cup 10, the wire 65 is alignment on opposite faces of the said inter-
P attached to pin 13; and the wire 66 is attached mediate conductor.
g 35 in 15, 13. A full-wave rectifier structure as claimed
is Ithough the present invention has been in Claim 10 or 11, whetein the semi-conduc- 100
- 105 shown and described with respect to particular  tor elements are in the form of flat wafers, like
e embodiments various modifications may be regions of both being secured by soldering to
- made within the scope of the appended claims. opposite faces of an intermediate flat conduc-
s tor member and the outwardly facing regions
e 40 WHAT WE CLAIM IS: — being respectively joined in circuit by connect-. 105
h 110 1. A structure for use as a full-wave rectifier ing wires. :
d comptising a pair of semi-conductor elements 14. A method of making a full-wave rectifier

each having an n-type region, a p-type vegion according to any preceding claim, comprising

a and a p-n junction formed therebetween, the steps of taking a pair of semi-conductor
N 45 wherein means for establishing electrical con- elements each having a p-type region, an 110
- 115 nection to at least one of said regions com- n-type region and a p-n junction formed
1 prises a coating of metal applied to said region, between said regions, coating with a metal like
- a layer of substantially pure tin overlying said regions on both said clements, tinning said

e metal coating and an external conductor con- metallic coatings each with a layer of substan-

h 50 nected to said region by being soldered to the tially pure tin, taking an intermediate conduc- 115

e 120 layer of tin. tor, forming a coating at two places thereon,

d 2. A full-wave rectifier structure as clalmed applying the tinned portions of said elements
‘s in Claim 1, wherein the said metal coating is to the respective places, and heating to soften
- applied by platmg the tin to form a conductive connection

e 55 3. A full-wave rectifier structure as claimed between the two elements and the intermediate 120

a 125 in Claim 1 or 2, wherein the metal of which conductor.

p the external conductor is composed has a 15. An improved full-wave rectifier structure

e coefficient of thermal expansion which is sub- substantially as described and shown in Figures

- stantially equal to the coefficient of thermal 1to 4 of the accorrg;anymg drawings.

e 60 expansion (} the corresponding element. 16. An improved full-wave rectifier struc- 125

s 130 4, A full-wave rectifier structure as claimed ture substantially as described and shown in

in any preceding claim, whercin the said metal Figure 5 or Figure 6 of the accompanying
coating is cap-shaped with an end portion drawings.
covering the end surface of the element and a 17. An improved full-wave rectifier structure
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60 expa .
125 4. A full- e rectifier structure as cl ai ned

rectifierfstruc-

substantqal | y as mﬁm&m wn in : i n any preceding
claim erein th ‘ﬁ“\“ afld H.Qure 5 or Figure 6 of the acconpanying
coating ijs cap-shapedcwi th an end portion drawi ngs. :
covering fthe end surface of the elenent and a 17. An inproved full-wave
rectifier| structure 812,739 J_
! the two bars 20 and 21,  An additional tab rim portion cxtending around the element. 65
70 - 41 is soldered to the tab 40 at its upper end 5. A full-wave rectifier structure as claimad
and at its lower end is soldered or welded to  in Claim 4, wherein the layer of tin is also
the pin 14. A tab 42 soldcred or welded to  cap-shaped and comprises an end portion -
5 pin 13 underlics the bottom of the bar 20 with  extending across the end surface of the ele-
the bar 20 being soldered to it. In like manner, ment, and a rim portion extending around the 70
75 tab 43 soldered or welded to pin 15 underlies element.
the bar 21 which likewise is soldered to it. 6. A full-wave rectifier structure as claimed
A still further arrangement for the assembly in any preceding claim, wherein the elements.
10 s illustrated in Figure 6 where again the two are composed of silicon.
bars 20 and 21 are mounted in a plane substan- 7. A full-wave rectifier structure as claimed 75
80 tially normal to the metal cup 10. In this in any of Claims 1 to 5, wherein the elements
case, the n-type regions 22 and 23 are at the are comPosed of germanium. .
1 lower ends of the bars 20 and 21 and these 8. A tull-wave rectifier structure as claimed
: 15 n-type sections are soldered to a common tab in any preceding claim, wherein the said metal
50 through which the pin 14 projects. The coating is composed of nickel, 80
85 pin 14 is, in these circumstances, soldered to 9. A full-wave rectifier structure as claimed
the tab 50. Substantially L-shaped tabs 51 . in any of Claims 1 to 7, whercin the said metal
and 52 are provided respectively soldered to coating is composed of rhodium.
20 the p-type sections 24 and 25 of the bars 20 10. A full-wave rectifier structure as claimed -
and 21. The tab 51 is fixed to the pin 13 in any preceding claim, whetein both clements 85
90 t  and the tab 52 is fixed to the pin 15. of the pair are secured to a common conductor =
: An organization is shown in Figure 7 in member by means of the layers of tin on the
which is incorporated a pair of wafers 60 and respective elements. )
25 61 ecach characterized by a rectifying junction, 11. A full-wave rectifier structure as claimed
In this assembly a center tab 62 is provided in Claim 10, wherein the elements are attached 90
9 having raised portions 63 and 64 projecting on  to opposite faces of said intermediate conduc-
opposite sides. A wafer is attached to each tor member and are disposed in register with
raised portion by the method described in the one another.
30 foregoing. Attached to the faces of wafers 12, A full-wave rectifier structure as claimed
60 and 61 remote from tab 62 are wires 65 in Claim 11, wherein the semi-conductor ele- 95 -
100 and 66. The center tab is attached to pin ments are rod-like and are disposed in coaxial
14 held by metal cup 10, the wire 65 is alignment on opposite faces of the said inter-
attached to pin 13; and the wire 66 is attached mediate conductor.
35 to pin 15, 13. A full-wave rectifier structure as claimed
Ithough the present invention has been in Claim 10 or 11, wherein the semi-conduc- 100
105 shown and described with respect to particular  tor elements are in the form of flat wafers, like
embodiments various modifications may be regions of both being secured by soldering to
made within the scope of the appended claims. opposite faces of an intermediate flat conduc-
tor member and the outwardly facing regions
40 WHAT WE CLAIM IS:— being respectively joined in circuit by connect.. 105
110 1. A structure for use as a full-wave rectifier ing wires. :
comprising a pair of semi-conductor elements 14. A method of making a full-wave rectifier
each having an n-type region, a p-type vegion according to any preceding claim, comprising
and a p-n junction formed therebetween, the steps of taking a pair of semi-conductor
45 wherein means for establishing electrical con- elements each having a p-type region, an 110
115 nection to at least one of said regions com- n-type region and a p-n junction formed
prises a coating of metal applied to said region, between said regions, coating with a metal like
a layer of substantially pure tin overlying said regions on both said elements, tinning said
metal coating and an external conductor con- metallic coatings each with a layer of substan-
50 nected to said region by being soldered to the tially pure tin, taking an intermediate conduc- 115
120 layer of tin. tor, forming a coating at two places thereon,
2. A full-wave rectifier structure as claimed applying the tinned portions of said elements
in Claim 1, wherein the said metal coating is to the respective places, and heating to soften
applied by plating. the tin to form a conductive connection
55 3. A full-wave rectifier structure as claimed between the two elements and the intermediate 120
128 in Claim 1 or 2, wherein the metal of which conductor.
the external conductor is composed has a 15. An improved full-wave rectifier structure
coefficient of thermal expansion which is sub- substantially as described and shown in Figures
stantially equal to the coefficient of thermal 1 to 4 of the accompanying drawings. _
60 expansion of the corresponding element. 16. An improved full-wave rectifier struc- 125
130 4. A full-wave rectifier structure as claimed ture substantially as described and shown in
in any preceding claim, whercin the said metal Figure 5 or Figure 6 of the accompanying
coating is cap-shaped with an end portion drawings. _
covering the end surface of the element and a 17. An improved full-wave rectifier structure
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