one of the currently widely used plastic packages for
two-lead semiconductor devices, such as diodes - parti- ;
cularly rectifiers (currents of up to about 1 A and re- . -

~verse voltages of about 100 V to 2 kV) -,'varistors or

thermistors, has the shape of a cylinder with leads pro-
jecting in the same axis. The semiconductor die and the
inner ends of its leads are hermetically embedded in the
plastic, e.g., a thermoplastic or a thermosetting plastic,
and thus protected from- physical damage and chemical
influences, such as the entrance of moisture,

In the fabrication of such sehicqnductor devices with a
plastic packagé, the manufacture pf the die starts with

- a semiconductor wafer on which several 100 to several

1000 identical dies épe fabricated, and the leads

for the semiconductor device are designed as so- o !
called head Leads,-i.e., lead§.havihg a fhickened, _ {
e.g., upset, pon?ion at oneféﬁd, the "head". Between the_-,E |
two heads, the'die is attached by soldering, for example;

To achieve a high throughput, a targe number of untinned
head leads is fed into magazines, a die is positioned on i
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each of the heads, and the heads of other head leads fed
into e fUerer'magazine are placed on the dies. In a fur-
nace, each of the dies is then connected with its two
aesociated head leads by soldering. If the finished semi-
conductor device is to have a high reverse voltage, the
soldered dies are etched and covered with a su1table
plast1c.," ' ' '

Next, the semiconductor devices are transferred into
molds where they are_embeddeq in plastic. Only then are
thé leads of the individual semiconductor devices tinned,
which is done by barrel tinning to ach1eve a high through-
put Then, however, the leads, which are bent during the
t1nn1ng process, must be_ax1ally aligned again in

suitable straightening devices. Only then are they test-

"~ ed, taped, and lettered.

Conventional stra1ghten1ng dev1ces have an "hourly through-
put of about 20,000 sem1conductor devices. As the prices
of semiconductor devices are st1ll falling, this through-
put rate is much too lou if lou cost volume product1on

ijs to be ach1eved ' : - :

Although the manufacturing process described_is a well-
proved h%gh-voiume orooees, efforts are beihg made to -
modify it, particularly fthia view to further reducing

the manufacturing costs, and to provide semiconductor

e Lo

devices which can be made at even lower cost.




U.S. Patent 3,127,285 discloses a diode whase semi-
conductor crystal, is disposed between two ribbon-—-
shaped, axially éligned Leads, with'éach of the
active regions of the semiconductor crystal con-
nected to one of the leads. A protective, hermetic
plastic coating surrounds the crystal and extends
beyond the base of the Leads.

European Patent 0 154 562 discloses a rectifier
arrangement consisting of four semi;onductor cry-
stals (diodes) arranged in a stack between coaxial
leads. The Latter are offset and deformed to a
paddle shape at the ends, between which the diodes

are mounted. _ :

Accordingty,ffhe object of the invention as claimed

is to provide a semiconductbr device which has a

plastic package that is of a different'design'than the
hitherto widely used plastic packages to achieve a cost
reduction. The design of the® Leads is to differ from the

conventional design, too. In the method, the above-described

i




step of straightening the leads is to be eliminated. The
same applies to the tinning following the molding or
embedding. It is also within the scope of the object
~ of the invention to provide an apparatus wWith which a
Nt . higher hourly throughput of semiconductor devices is

attainable.

One of the fundamental ideas of the invention is to
manufacture the plastic package, hitherto formed by em-
bedding or molding the die, as a can~-shaped housing,
henceforth called "can", in a separate step, uhiih
offers the advantage of greater freedom in the choice
of the -starting plastic and the temperatﬁres aﬁd
pressures to be used in the packaging process, for
-exampLe, and to fill the can wifh a plastic compound,

such as a cast resin, after insertion. of the die.:

Another fundamental idea of the inuvention is the com-
.pletéLy different starting point for the manufacture
of the Leadg,'namely to form the latter from a wire:
unwinding from a spooL) to run this wire through a
major part of the maanacturing'stages unseparated,
and to separate it into the individuaL semiconductor
devices only after formation of the plastic package,

i.e., the mounting of the cans. -

N
i

.The invention offers the delouing advaptages. A low-.

cost plastic may be used for theECans. The presses for




producing the can-shaped housings can be eimpler in con-

. structien-end, thus, smaller than the presses used so

far. The need for the straightening device described is
eliminated, so that a higher hourly throughput is pos-
sible. No polarity-determining device followed by a turn-
over device is necessary, so that the semiconductor de-
vices“can be taped in the same direction without the turn~
over device, s1nce the dies can be brought from the sem1-
conductor wafer to the positions between the leads with

2 predetermined polarity, which can be maintained until

the taping takes place.
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The invention will now be explained in greater detail
with reference to:the,accompanying drawings, in which:

Fig. 1 is a perépect%ve'Vieu of a preferred

embod1ment of the sem1conductor dev1ce

accord1ng to the . 1nvention,

\

Fig. 2 shows the course of the manufacture of
T a preferred embodiment of the invention,

_and

Fig. 3 shows an embodiment of the various stations
of the apparatus agcording to the inveqtion
in a highly schematic representation.

'-nc

"The perspect1ve view of Fig. 1 shows an embodiment d% a

finished semiconductor device accord1ng to the inven-
tion which comprises the cyl1ndr1cal, can-shaped housing

1, henceforth called "can" for short, and the two leads 3.




At the front end 1b of the can 1, the filled-in and cured
cast resin 2 can be seen. The rear lead 3 in Fig. 1 was
passed through the bottom 1a of the can 1, from which it
projects. |

The eight jLlustrations of Fig. 2 show;succes§ive stages
of the manufacture of a preferred embodiment of the in-
vention, namely.a semiconductor device with leads of cir-
cular cross section. This embodiment is particularly
suitable for the above-mentioned rectifiers with the

specified electrical characteristics. The piece of wire
.30 shown in Fig. 2a .is the one on which the steps

necessary ‘to form the 1nner tead ends for attaching the
die are performed '

Fig. 2b shows how the offset portion 6, which is shaped
like a 2z in a preferred embodiment of the invention, is
formed on the wire 30 of Fig. 2a by means of a suitable
tool. It is also readily possible to form a singlé off-
set, in which case the offset; extends continuously from
the left- hand beg1nn1ng to the right-hand end of the

offset port1on 6, so that the piece of wire is approxi-

mately shaped Like a tray.

Simultaneously with the formation of the offset, the:
wire 30 is flattened in the area of action of ‘the off-
setting tool, so that flat mounting ‘surfaces 51, 52, for

. a sem1conduc¢or die are obtained. The distance d be~

tween the wire axis x and the mounting surfaces 51 ;52

should be approximétely equal to half the thickness of
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Fig. 2c shows how the die 4 is placed with one of its

major surfaces, 41, on one of the mounting surfaces, 51
(Fig. 2b), near the offset point 61. Fig. 2d shows that
- the middle portion 63 is cut out to obtain the inner Lead

ends 60, 70 Fig. 2e shows the condition after the free
lead end 70 obtained by cutting off the middle portion
63 has been moved onto the die 4 and joined to the other

‘major surface 42 of the latter.

_As:shown in Fig} Zf, the can 1 is then sl1pped over the .

lead 32 until it occupies the position shown in Fig. 29, .

A, e., unt1l the jnner lead ends 60, 70 are completely

within the can, with the lLeads 31, 32 projecting axially.

therefrom. The internal dimensions of the can and the

dimensions of_the lead ends 60, 70 must be so adapted to

" one another that the offset'points 61, 62 (Fig. 2¢) Lie

completely within the can 1. Furthermore, the internal
width of the can 1 must be adapted to the external di-
mensions of the inner lead ends 60, 70 with the die 4

“lying therebetueen,-or the hole 1n the bottom 1a_must be
.adapted to the diameter of the lead 32, such that a

slight force fit is obta1ned, so that the can 1 will not

fall off during the_subsequent process steps.,

Fig. Zh shous the cast resin 2 in the can 1, uh1ch f1lls

up the entire hollou space of the can 1 and, thus, her-
metically seals the die 4.

4
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_!nstead_of_a_ round wire, a uire of square or rectan-
.gular section can be used. ln that case, no mounting

surfaces 51, 52 need be formed, of course.




The sequence of operations in the manufacture of a
plurality of ready-to-sell semiconductor devices is as
follows. The leads 31, 32 are formed from wires coming
from the spool 39 (Fig. 3). In a preferred embodiment
of the invention, the wire has atready been tinned, but
it may also be tinned after unwinding from the spool 31.
N - After the wire has been straightened and/or stretched,
equally spacedoffset portions 6 are formed, which may
have the preferred z-shape shown in the embodiment of
‘Fige< 2; the spac1ng of theoffset portions follows from
-the . des1red length of the leads on the f1n1shed semi-
-conductor . device taking into account the length of the
removed middle portion 63. If the wire 30 is of circular
section, its surfaqe will be flattened in the offset
portion_dqring the offsetting process so as to form a
. flat mounting surface for the die. The latter is then
attached with one of itsmajor surfaces, 41, to the off-
.set portion near one of the offset points, 61. The
3$;f middLe'pbrtion 63 is cut .out; if only one offset is pre-

i

\
sent, it suffices to simply divide the offset portion 6

in the middle. In the latter!case, the resulting free
offset portion is then moved onto the other major sur-
face 42 of the die 4 by axially rotating the Lead 32
‘with- the die 4 through 1809 and then moving the free off-
set portion onto the die. The major surface 42 of the die
4 is then joined to th1s free offset portion. In a pre-
ferred variant of the’ method, the joints are made by
'solder1ng us1ng a hydrogen. flame for each die uh1ch
burns in‘an excess of hydrogen, either in two separate,
successive steps for the tuomaJor surfaces 41, 42 or in
a single, simultaneous step, so that no flux is neces-
sary to solder the metallizedmajor surfaces 41, 42 of




the die 4 to the tinned wire 30, The wires to be soldered
may also be heated on a hot plate, or instead of solder-
ing, a conduct1ve adhesive may be used The can 1 is then
slipped over the lead ends 60, 70 provided with the die
4, after wh1eh the necessary quantitity of cast resin 2
. is filled in and cured. Finally, the mechanically fini-
shed semiconductor devices are tested, and those Llying
in a predeténmined "go" range are taped and subsequently
Lettered, uh1le those found defective are discarded,
end those wh1ch ‘are other than go" are taped, too, ahd
lettered otherwise. '
Fig. 3 is a h1ghly schemat1c representat1on show1ng the
construction of an apparatus accord1ng to the invention
for manufactur1ng sem1conductor devices accord1ng to the
‘ invent1on by the method described. The manufacture starts
with the spools of wire 39 from which the wires 30 run
' to the straightening station 40 and the stretching sta-
. tion 50, which straighten and stretch each of the wires
30. This straightening and stretching is done only once
.during:the entire manufacturing process of the semicon-
ductofﬁdevices, namely at fhe'beginning of the process,
so to speak, and the SUbsequent stations and processe
steps are so designed and performed as to leave the
straighfness of the wires unchanged. The straightening
and stretching stations 40; 50 contain a corresponding
substat1on for each of the wires 30, which is not shown
in Fig. 3, the convergence of the seven-wires 30*at the
‘jnlet end of the stra1ghten1ng station 40, which are
shown at the Leff in Fig. 3, is to illustrate only that
all wires enter the station 40.
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After leaving the stretching station 50, the wires enter
the offsetting stat1on 65, of which Fig. 3 shows the two
offsett1ng punches 66 67, which, if the wires 30 are

‘circular in section, simultaneously form the mounting

surfaces 51, 52 (Fig. 2b) since their ends coming into con-
tact yith:the wire have a corresponding flat shape, By

the two offsettjng punches 66, 67, the'z-shaped offset
shown ih Fig. 2b is formed on the wire 30. If only the
abOVeiexplainéd single offset:is to be formed, one of'

the two offsefting punches 66, 67 can be dispensed with,

"The offsetting station 65 natufally contains as many off-

setting punches or'pairs of offsetting-punches as there
are wires to be worked simultaneously, i.e., about 100,
for example. Instead of the offsetting punches, a
suitable rolling device can be used for:éli wires.

After leaving the offsetting station 65, the offset wire
enters the die placement station 75, in which a die is
placed on the offset portion ‘or, if a z-shaped offset
was formed, on one of the offset portions. This, too,
takes?place simultaqeously for all wires, i.e:, dies are
placed on each of the above-mentioned about 100 wires
siﬁultaneously, such'thet in all dies, the same semi-

- conductor region is connected with the respective wire,
e.9., the N-type reg1on. In the case of. the above-men-

tioned t1nned wires, it is advantageous to provade the
two semiconductor reg1ons of the dies already on the semi-

"conductor wafer with a metal Layer, e.g., by vapor de-

position, which permits the semiconductor reg1on to be
soldered to the tin coating. Metals suitable for this
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purpose are gold, palladium, and silver, for example.

The simultaneous placement of the about 100 dies on the
wires may proceed as follows. The semiconductor wafer,

:scribed by sawing as usual, is diced with the orien-

tation of the dies being retained, and the individuatl .
dies are transferred ihto a magazine, from which they
are placgd; e.g., by means of suction pipettes, on an
alignment plate, where their lateral edges are aligned
paréllel to each other and brought to exactly the same

- distance ‘between thém, This process can be easily auto-

matédfby_meéns of an optical monitoring facility. The
aligned dies are then placed on the mounting surfaces
of the wires by a further set of suction pipettes.

" The placement station 75 is followed by the first cutting

and feed station 80, in which the offsgt porfiqn 6 (Fig.

' 2b) is cut through, or in which the middle portion 63
~(Fig. 2c¢) is cut out of the offset wire. After the
'cuttiﬁé operation, the "Left” free offset portion 70 thus.

obtained is moved onto the dié 4 by causing the wire to

perférm a corresponding forward movement, while the

- "rjght” wire is held in place.

The station 80 is folfoued by the.die attachment station
85, in which the twémajor surfaces 41, 42 of the die 4

‘(Figs.:2¢, d) are soldered to the tinned wire. This is

done,”?or example, by means of the above-mentiéned indi-
vidual.hydrogen flames operating in an excgss-éf hydro-
genr, so that the ;in is reduced by the excess'hydrogen
and no flux is necessary, whose residues would have to be

&y
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removed in a subsequent cleaning process. The invention
thus has the additional advantage that throughout the
attachment of the leads, no chemical steps are necessary..

The station 85 is foltowed by the seécond cutting station
90, in.which the, e.g., 100 wires are cut through simul-
taneously. At this poiht, the separation into a prestage
of the finished semiconductor devices takes place, namely
into the manu?acturing'étage in which the cans 1 are’
slipped over the inner Lead ‘ends 60, 70 (Figs.'2e to h)
and fitled with cast resin. -

The c¢ans, which weré previously fed, e.g., in hundreds,
into the maQazine‘99'in the station 95, are slipped over
the inner -lead ends in the can-mounting station 100.

" The respéctiVe'arrangements 32, 60, 70, 31 are inserted

into the cans, .as shown in Figs. 2f to h. To facilitate
théainsertion-inté-the can 60, the latter is chamferred
at its opéning 1b. Behind the second cutting station 90,
the direction of conveyance'ghanges'by 90°, and the re-
spective magazine 99, now cqﬁtaining the canned semi-
conductor devices, is conveyed to the plastic-compound-
filling station 105, in front of which the direction of

Conveyance ijs again changed by 90°,_sd"fhat_the openings

1a oflthe cans 1 are érranged be[dy the outlets of the
filling station 105. The number of the outléts is equal
to thé'number of cans in each magazine, i.e.,.about 100,
for éiample. To simplify the illustration, however,
only one outlet 106 is shown in Fig. 3. |
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In the magazine 99, the now nearly finished semiconductor
devices are transferred to the curing station 110, which
consists of a heating portion 111 ahd a cooling portion
112. The magazines 99 are taken from the outlet of the
cooling portion 112 and emptied into the filler inlet of
the testing station-115. Since Fig. 3 is divided into
two halves, the curing station 110 is shoun both in the
upper half and the lower half; this only serves to
facititafe.an understanding of the invention apd does

not mean that two curing stations are present.

Rhé testing and sorting station 115 shown in the embodi-
ment of Fig. 3 tests and sorts the about 100 semiconduc-
tor devices simultaneously, but only in three gfoubs,
thus comprising only the "no-go" container 116, the

. container. 117 for semiconductor devices having properties

other than the set "goo condition, and the outlet 118for the de-
vices ly1qg in the "go

semiconductor devices which are "no-go" and “other than go”

_range (= prjme type devices). After the

have been sorted oht, the go" dev1ces, handled in parallel up
to.this point, are transferred serially, i.e., success-

ively 1n.t1me, to the taping station 120 and thence to

the lettering station 125. In the reeling station 130,

the tape 120 equiﬁped with the lettered, ready-to-sell

devices,is finally wound on the reels 131.
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Claims

A sem1conductor device comprising two coaxial Leads (3)
and a. prefabr1cated semiconductor die (4) attached be-
tween those s1des of the inner ends (60, 70) of the
leads (3) which face toward each other, character1zed

by a prefabr1cated, can-shaped, preferably c1rcuLar-

- cylinder- shaped, plastic housing (1) uhjch is filled

w1th a pLast1c compound ‘preferably .a cast resin (2),

and through whose bottom (1a) passes one of the Leads,

'iw1th the inner ends (60 .70) of the Leads (3) inserted

”f in the hous1ng 1.

'2;_A sém%conddcfor device as claimed in claim 1,

comprising at Lleast one lead (31; 32) offset within
the housing (1).

3. A sem1conductor device as claimed in claim 1 or 2,

compr151ng Leads (31 32) having their respect1ve

" inner- ends (60, 70) deformed,. on the side connected

"w1th the sem1conductor die- (4), into mounting sur-

faces (51, 52) for the semiconductor die (43

:4. A method of manufacturing a plurality of' ready—to-

sell semiconductor devices as claimed in claims 1 to
3 wherein ' '

a) leads (31, 32) stenm from a spool of wire (39)
whose, preferably tinned, wire, after being straight-

'eneq and/or stretched, is provided with equally spaced
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offset portions (6) ahd, at the same time, with

.mounting surfaces (51, 52);

b) one mejor surface (41) of a semiconductor die (4)
is attached to the mountlng surfaces (ST) near an
offset po1nt (613; '

) the‘offset portion (6) is divided approximately in
"the middle, and the mounfing surface (52) of the re-

sulting free offset‘poftion is moved onto the semicon- .
ductor die (4) and attached to the other ma]or sur-

face (42) of the Latter,

d) the semicondusfor die (4) with the Lead-eﬁds (60,
70) is inserted into a prefabricated, eah~shaped'plas-

tic housing (1), and a necessary quentityldf plastic

.COMpound is_then filled in and subsequent(y cured, and

e) the now mechanically finished semiconductor devices
"

are tested, and those Lying in a predetermined- "go

qange are taped and subsequently lettereq._

5. A method as claimed in.cLaim 4 wherein by

double effSettihg, two successive offset portions (68,

- 69) are formed uhose m1ddle portion (63) is removed

in step c)

B
sl

'6;ij-method.as'cLaimed in claims 4 and 5.wherein steps

-a) to c¢) are performed-simultaneously on a_pLuEal{ty

of wires stemming from the same plurality of spools,

preferab[y on about 100 wires, and wherein step d)

is performed simultaneously on the same number of

housings in a single operation.
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7. A.method as claimed in claim 6 wherein by soldering
with a hydrogen flame burning in an excess of hydrogen,
either both major surfaces (41, 42) of each semicon-
ductor die (4) are soldered simultaneously or one

major sdrface (41)'15 soLdered'in a first cycle step

.and the other major surface (42) in a subsequent

cycle step.

8. Apparatus for carrying out the method claimed in

‘ctaim 6 or 7, comprising the following stations

arranged in the direction of conveyance:

-. a straightening station and/or a'stretéhing
station (40, 50)., '

- an offsetting station (65) which also forms the

mounting surfaces (51, 52) if necessary,

- a die placement station (75),

A

-~ a first cbtting and feed station (80),
- a die attachment station <85>,
L - a_sécqnd dutting station (90),

--é station (95) for feeding the can-shaped hous=.

:5ng (1) into a magazine (99),

.-.a housing-mounting stét{on,(100),

a ptastic-combound-fiLLing station (105),
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a curing station (110),

a testing and sbrting station (115),

- a taping station (120),

a lettering station (125), and
- a beeling station (130) for the tape (121) equipped
) with the ready-to-sell semiconducfor'devices.

::9,_A apparatus as claimed in claim 8 wherein the
direction of conveyance changes by 90° behind the se-
cond cutting station and in front of the plastic-com-
pound-filling station.
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