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4 Claims. (Ql. 317-235) 

The invention relates to a transistor comprising a 
semi~conductive body, to which an emitter electrode and 
‘a base electrode are applied side by side in the form of 
alloy electrodes, of which the associated zcnes‘of re 
crystallized semi-conductive material establish a contact 
with the base zone, and furthermore to a method of 
manufacturing such a transistor. The term “alloy elec 
trode” on a semi-conductive body is to be understood 
to denote herein an electrode obtained by causing a 
quantity of electrode material to be alloyed in a molten 
state on the surface of the semi-conductive body below 
the melting point of the semi-conductive material of this 
body to dissolve an adjacent part of the semi-conductive 
body and subsequently, by cooling, causing firstly part 
of the dissolved semi-conductive material to recrystallize 
in the form of a zone grown on the semi-conductive 
body, the so-called recrystallized zone, after which the 
remainder of the melt solidi?es, which consists for the 
major part of the alloyed electrode material, termed here 
inafter the solidi?ed zone. This solidified zone is sepa 
rated by the recrystallized zone from the initial material 
of the body. The semi-conductive material of the re— 
crystallized zone may have absorbed active impurities 
from the alloyed material, these impurities determining 
its speci?c conductivity and its conductivity type. In 
the present case the recrystallized zone of the emitter is 
of a conductivity type opposite that of the base zone and 
the recrystallized zone of the base electrode has a con 
ductivity type equal to that of the base zone. 
The base zone may, for example, be formed by the 

semi-conductive body itself. In order to enlarge the fre 
quency range of the transistor towards the higher fre 
quencies, attempts were made to minimize the distance be 
tween the base electrode and the emitter and, moreover, 
the thickness of the base zone. It is known to obtain by 
a diffusion method with a suitable active impurity such 
a thin base zone of which the conductivity type is op 
posite that of the remainder of the semi-conductive body, 
constituting in this case the collector zone. Such abase 
zone obtained by a diffusion method may be provided as 
a whole prior to the provision of the emitter electrode 
and the base electrode. It may be formed also, at least 
partly, during the provision of at least one of these alloy 
electrodes by diffusion of a rapidly diffusing impurity 
out of the alloyed electrodes into the adjacent semi-con 
ductive material. At the same time an impurity may be 
introduced by diffusion out of the ambient atmosphere 
into the surface of the semi-conductive body adjacent 
the electrode. This impurity may, for example, be 
evaporated from the electrode material itself. , 
The invention has, for its object inter alia to enlarge 
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further the frequency range of a transistor comprising ' 
a semi-conductive body to which the emitter electrode 
and the base electrode are applied, side by side in the 
form of alloy electrodes, of which the associated zones 
of recrystallized, semi-conductive material establish a 
‘contact with the base zone. In accordance with the in 
vention, the transistor is characterized in that the recrys 
tallized material of at least one of these electrodes is re 
moved from the side remote from the other electrode 
over at least half of the contact surface initially occu 
pied by the recrystallized zone with the base zone. In 
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this manner, for example, the internal capacitances harm 
ful to a high-frequency range may be reduced without 
involving an increase in distance between the emitter 
electrode and the base electrode. In this case recrystal 
lized material may have been removed only from the 
base electrode. Recrystallized material is, however, pref 
erably removed at least from the emitter, so that the ca 
pacitance of the rectifying emitter-base junction is re 
duced. The contact surface between the recrystallized 
zone and the base zone is preferably not more than one 
quarter of the initial contact surface. 

It should be noted that it is known per se with a tran 
sistor having a base zone formed by diifusion, on which 
are provided an emitter electrode and a base electrode 
closely to each other, to remove the base zone beyond 
the parts covered by the two said electrodes and the 
part lying in between by etching as far as possible, so 
that the junction between the base zone and the collector 
zone is reduced to a small surface, in order to reduce 
the capacitance of this junction. With such an etching 
process it is often unavoidable that a small part of the 
recrystallized zone of the emitter electrode and/or the 
base electrode‘is removed. However, the removal of 
recrystallized material over only a small part of the con 
tact surface initially occupied by the. recrystallized zone 
with the base zone is concerned there, whereas in the 
method according to the invention the recrystallized ma 
terial is removed over at least half of the contact sur 
face initially occupied by the recrystallized zone. The 
solidi?ed zone which may then extend beyond the re 
crystallized zone, may still be sufficiently large for a sat 
isfactory connection. 
The removed material is preferably replaced by an in 

sulating material, for example an insulating lacquer. 
Thus the projecting part of the solidi?ed zone can be 
adequately supported. 7 

This distance between the emitter electrode and the 
base electrode is preferably small, for example smaller 
than ten-thousandths of an inch. The dimensions of the 
surface occupied by the recrystallized zone may then be 
of the same order of magnitude, whereas the dimensions 
of the solidi?ed zone may. be much larger. 

Underneath at least part of the initial contact sur 
face, where the recrystallized material has been removed, 
the base zone itself is preferably also removed, so that 
also the contact surface between theycollector zone and 
the base zone and hence the capacitance between the 
base and the collector are further reduced. 
The invention furthermore relates to a method of pro~ 

ducing a transistor comprising a semi-conductive body, 
to which the emitter electrode and the base electrode are 
applied side by side in the form of alloy electrodes, of 
which the associated zones of recrystallized, semi-conduc 
tive material establish a contact with the base zone. 
According to the invention this method is characterized 
in that subsequent to the application of these alloy elec 
trodes the part of the surface of the semi-conductive 
body between these electrodes is covered by a material 
insensitive to etching agents, after which the assembly 
is subjected to etching, so that the recrystallized mate 
rial of at least one of these two electrodes is removed 
from the side remote from the other electrode over at 
least half of the contact surface with the basezone oc 
cupied by the recrystallized zone. . ' 
The etching process is preferably carried out until at 

at the most one quarter of the contact surface occupied 
by the recrystallized zone with the base zone remains. 
The etching process is preferably carried out in several 

stages with intermediate measurement of the capacity 
of the base-emitter junction. More than one etching 
bath may be used, preferably with etching agents of dif 
ferent concentrations and/or by using different current 
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passages, so that in the ?rst stage the etching process is 
performed more rapidly than during the subsequent stages, 
in order to obtain the desired capacity more accurately. 
This method is quite suitable for automation methods, for 
example, by interrupting the etching process by means 
of a servo-mechanism automatically when the desired 
capacity is attained or has dropped just below the desired 
value. 

After the application of the alloy electrodes and prior 
to the etching process of at least one of the alloy elec 
trodes, one part may be removed mechanically, for exam 
ple by cutting, from the side remote from the other 
electrode. In this manner the ?nal shape of the remain 
ing recrystallized zone, subsequent to etching, depends less 
upon the initial shape of the alloy electrode, so that the 
?nal shape is better controllable by choosing a suitable 
shape of the front from where etching starts. 

4 
The transistor as described above may be made in the 

following way. . 
On the originally rectangular single crystal slice of 

p-type germanium a pellet in the shape of a circular 
disc about two-thousandths of an inch thick and eight 
thousandths of an inch in diameter, consisting of lead 
with 1% by weight of antimony, is applied and an alloy 
contact is made by heating the whole to about 700° C. 

. for about 3 minutes in an atmosphere of hydrogen. After 
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Embodiments of the method and the transistor accord- . 
ing to the present invention will now be described, by 
way of example, with reference to the accompanying 
diagrammatic drawing, in which: 
FIGURE 1 is a cross-sectional View of part of a 

transistor. 
FIGURE 2 is a plan view of part of the transistor 

shown in FIGURE 1. 
FIGURE 3 shows a test circuit for 

capacity between emitter and base. 
FIGURE 4 is a block schematic representation of an 

etching procedure in several steps in the method accord 
ing to the present invention. ' , 
FIGURES 5 and 6 are partial plan views of two fur 

ther transistors and v ' 

FIGURE 7 is a partial cross-sectional view of the 
transistor shown in FIGURE 6. 

In the ?gures section shading has been omitted for 
the sake of clarity and the same reference numerals are 
used to indicate similar components or features. 

Referring now to FIGURES 1 and 2, a transistor 
comprises a resolidi?ed region 1 consisting mainly of lead 
with about 1% by Weight of antimony and including a 
little germanium, an n-type germanium region 2 con 
sisting mainly of germanium and including a little lead 
and a little antimony, Va resolidi?ed region 3 consisting 
mainly of lead, antimony and aluminum and including 
a little germanium, a recrystallized p-type germanium 

measuring the 
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region 4 consisting mainly of germanium and including I 
a little lead, antimony and aluminum, an n-type base' 
region 5 consisting mainly of germanium into. which 
antimony has been diffused, an unchanged part 6 
of an originally rectangular single crystal slice of p-type 
germanium of dimensions originally about 2 rnms. x 2 
rnms. x 6-thousandths of an inch and having a resistivity 
of 2 ohm-cm., constituting the collector zone, a recrys 
tallized p-type region 7 consisting mainly of germanium 
and including a little indium and gallium and a resolidi 
?ed region 8 consisting mainly of indium and gallium 
and including a little germanium. The different semi 
conductive regions are only designated schematically in 
FIGURE 1. For instance in reality the recrystallized 
zones 2 and 4 will extend only very slightly beyond the 
respective resolidi?ed regions 1 and 3. Fine nickel wires 
9 and 10 and a stout nickel wire Hare soldered to the 
regions 1, 3 and 8 with the use of’indium solder 16, 
17 and 15, respectively. The wire 9 forms a connection 
to the base, the wire 10 forms a connection to the emitter 
and the wire 11 forms a connection to the collector of 
the transistor and in addition is used as a mechanical 
support. _ 

The region 1 and the region 2 are separated from the 
region 3 and the region 4, by a slot 12 which is about 
l-thousandth of an inch wide at its bottom. The slot 12 
is ?lled to the level indicated by the broken line 13 with 
polystyrene lacquer applied as a solution in ethylmethyl; 
ketone. ' ' ~ 
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cooling the slot 12 is applied penetrating the alloy con 
tact and its recrystallized region and extending slightly 
into. the undissolved p-type material of the body. This 
slot divides the alloy contact into two parts. The slot 
may be manufactured by ultrasonic cutting using a thin 
cutting head and a slurry of a ?ne abrasive, e.g., aluminum 
oxide abrasive. I 
Some aluminum is applied to only one part of the alloy 

contact and the whole is then heated in an atmosphere 
of hydrogen for about 10 minutes at 750° C. during which 
the two parts of the contact are molten and antimony 
di?uses from the two molten parts into the material of 
the body underneath the molten parts and into the adja 
cent surface parts of the body, including the bottom part 
of the slot 12, thus forming the n-type region 5. By 
cooling the .two recrystallized regions 2 and 4 and the 
resolidi?ed regions 1 and 3 are formed. The p-type 
region '7 and the resolidi?ed region 8 maybe made in a 
manner known per se by melting a pellet, consisting of 
an indium-gallium alloy, onto the germanium body. 
The transistor described above is now immersed in an 

electrolytic etching bath containing an aqueous solution 
of sodium hydroxide,re.g., a 5% solution. The three 
wires 9, 10 and 11 are connected to the positive terminal 
of a voltage source and a- platinum electrode in the bath 
is connected to the. negative terminal of the voltage 

A large amount of the recrystallized material 2, 
.4- and 7 is etched away from beneath the resolidi?ed 
regions 1, 3 and 8, so that the area of contact between 
the recrystallized material 2 and 4 and the n-type region 5 
is reduced to be not more than one half of the area of 
contact present after alloying and before etching. The 
resolidi?ed regions 1 and 3 are not attacked substantially 
by the etching medium and thus undercutting of the 
regions 1. and 3 occurs. 

The broken lines 18, 19 and 20 show three intermedi 
ate stages during the etching step, the ?nal stage being 
indicated by the line 20a. The etching may be continued 
until theareas of contact between the regions 2 and 4 
and the regions 1 and 3 are not more than one quarter 
of the area of contact before the etching step. In a typi 
cal case, the initial dimensiona is 9 thousandths of an 
inch and the dimension b at the end of the prolonged 
etching step about 4 thousandths of an inch (see FIGURE 
1). The areas of contact between the regions 1 and 3 
and the region 5 are reduced to about the same extent. 

After this etching step, thev polystyrene lacquer in the 
slot is removed using ethylme-thylketone as a solvent, and 
the whole is immersed ‘in an etching bath for a ?nal etch 
in 20 volumes hydrogen‘ peroxide at 70° C, for about ‘15 
seconds. The regions '1, 3 and 5 are then covered with a 
mass 14 of polystyrene lacquer dissolved in ethylmethyl 
ketone, the lacquer penetrating into~the gaps below the 
regions 1 and 3 and giving'mechanical strength to th 
transistor. 7 v ' 

FIGURE 2 shows only the slot 12 and the lines 18, 19, 
20 and 20a which are substantially circular in form since 
the outer contour of the regions 1 and 3 joined together 
by the lacquer provided in the slot 12 before the pro 
longed etching step is initially substantially circular. 
The transistor so produced is then encapsulated in any 

known manner. a The transistor described above has low emitter-base 

and base-collector capacitances due .to the severe reduc~ 
tion of the area of the base-emitter junction and the base 
collector junction. 1 
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The extent to which the etching is effected may be 
controlled by monitoring the capacitance of the base-emit 
ter junction which has low-resistivity material at each 
side. The capacitance is suf?ciently high to measure even 
if the junction area is small. FIGURE 3 shows a test cir 
cuit for measuring the base-emitter junction capacitance. 
The test circuit comprises a generator 21 of signals hav 
ing a frequency of about 20 mc./s. at a small signal 
strength of about 50 mv. (R.M.S.). The generator 21 
is connected in series with the emitter-base junction of 
the transistor and a resistor 22, conductor 23 being con 
nected to the transistor emitter and conductor 24 being 
connected to the transistor base. The signal developed 
across resistor 22 is measured by means of a vacuum tube 
volt-meter 25 and gives an indication of the base-emitter 
junction capacitance. 

It is found that this capacitance can be measured even 
if the transistor is immersed in water if care is taken 
that the resistivity of the water is high, for example, is 
greater than 1,000 ohm-cms. There will be stray capaci 
tance due to the connections to the base and the emitter 
and this is increased if the transistor is immersed in water 
which has a dielectric constant of approximately 80. 
It is, however, found (that the base-emitter junction ca 
pacitance at zero bias can be monitored in this way down 
to a value of about 7 pi, the stray capacitance with the _ 
transistor immersed in water being about 3il pf. 
FIGURE 4 is a schematic diagram showing an appa 

ratus in which the prolonged etching step may be carried 
out. A number of stations are provided etching being 
carried out at alternate stations 26 and washing in water 
and testing being carried out at the other alternate sta 
tions 27. Testing is carried out by a circuit as described 
above with reference to FIGURE 3, the voltage devel 
oped across the resistor 22 during testing being supplied 
not to a volt-meter but to a control device determining 
whether further etching is necessary. The apparatus also 
comprises a loading station 28 and an unloading station 
29. A transistor is inserted in a holder at station 28 and 
is thereafter moved to the ?rst etching station 26 where 
the transistor is automatically connected for etching and 
is immersed in etching ?uid in a bath 30. Aftera prede 
termined time, the transistor is moved to the ?rst testing 
station 27, is connected to the conductors 23 and 24 of 
the test circuit and is immersed in a bath 31 of washing 
water. When washing has been e?fected for a sufficient 
time, the test circuit 32 is switched on and the base-emitter 
junction capacitance is measured. If the capacitance has 
not been su?‘iciently reduced, the transistor is moved to 
the second etching station 26 along a path indicated by 
the broken line 33 and is again subjected to etching with 
the use of a bath 30 after which it is moved to the sec 
ond testing station 27. Similar procedures are followed 
at each succeeding station 26 and 27 until the desired 
capacitance is reached. When the desired capacitance is 
reached, the output of the test circuit 32 causes operation 
of a relay device 34 so that no further etching is effected. 
The broken line 33 indicates the path of the device. The 
transistor ?nally reaches the unloading station 29 where it 
is removed from the apparatus. It is not necessary to 
etch to the same extent at each of the stations 26, it may 
be preferred to etch to a considerable extent at the ?rst 
station 26 and thereafter to etch more lightly at the suc 
ceeding stations 26 in order gradually to reach the de 
sired capacitance. Fllll'thel' the extent of etching at a 
subsequent station may be made dependent on the capaci 
tance measured at the preceding test. 
The apparatus is shown in the schematic drawing of 

FIGURE 4 arranged in a linear manner, but it will be 
obvious that the apparatus may be a rotary apparatus and 
further that a single testing circuit may be used and con 
nected in turn to each station 27 for testing before the line 
of transistors moves on to the succeeding stations so that 
unloading and reloading in turn of the holders for the 
transistors may be effected. 
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The etching procedure may also be applied toatran 
sistor comprising two alloy zones provided by alloying at 
two separate areas of a semi-conductor body, as 'indi- ~ 
cated in FIGURE 5. It is remarked that in general the 
two zones may be separated by as little as tWo thousandths 
of an inch and the dimension of each zone in the direction 
of separation of the zones may be about 8~thousandths of 
an inch. 
The transistor comprises two resolidi?ed regions 36 

and 37. The regions 36 and 37 are connected to wires 
(not shown) by solder (not shown). A region 38 of 
an etch-resistant material is provided between the two 
regions 36 and 37, for example, applied with a paint~ 
brush. The transistor is then etched in the manner de 
scribed with reference to FIGURES l and 2, progressive 
stages of etching being indicated by the broken lines 39. 
An alternative method is illustrated in FIGURES 6 

and 7. Before the Wires (not shown) are secured in posi 
tion, a portion of each resolidi?ed region 36 and 37 re 
mote from the other resolidi?ed region is removed and in 
the transistor-illustrated about half of each, the shaded 
portions 40 and 41,’ are removed, for example, with a 
sharp blade. The wires (not shown) are connected and 
the etch resistant region 38 provided and subsequent 
progresswe stages of etching are indicated by the lines 
39, the full line 39 in FIGURE 7 indicating the ?nal ex 
tent of etching. It will be noted that in this case no thin 
elongated area of contact between the recrystallized ma 
terial and the resolidi?ed material produced as shown in 
FIGURE 5 is obtained, but a short broader area of con 
tact as indicated in FIGURES 6 and 7, by which a lower 
base resistance is obtained in this latter embodiment. 

It will be noted that for all three embodiments, those 
of FIGURES 1 and 2, FIGURE 5 and FIGURES 6 and 7, 
the size of the resolidi?ed regions are greater than the 
areas of contact between the recrystallized material and 
the base region remaining after etching and hence that 
for a given remaining area of contact it is, in each case, 
comparatively simple to attach wires to the resolidi?ed 
regions. 
As an alternative to the use of polystyrene lacquer and 

ethylmethylketone as a solvent, other etch~resistant lac 
quers and other solvents may be used, e.g., Cerric Black 
Resist available commercially under the reference DH 
5353 from Cellon Limited may be used and acetone as a 
solvent. 
What is claimed is: 
l. A high-frequency transistor comprising a semicon 

ductive body having 'a collector region of one conductivity 
type and a thin diifused base region of the opposite con 
ductivity type, and separate emitter and base electrodes 
alloyed adjacent to one another on the same surface of 
the body forming emitter and base recrystallized regions, 
respectively, contacting the base region, said base re 
crystallized region being of the same type conductivity as 
that of the base region, said emitter recrystallized region 
being of the opposite type conductivity to that of the base 
region, the semiconductive body portions underneath the 
emitter electrode and on the side thereof remote from 
the base electrode being cut away such that the cross-sec 
tional area in a plane parallel to the body of at least the 
emitter recrystallized region is at most one-quarter the 
corresponding cross-sectional area of the overlying emit 
ter electrode and the latter has at least three-quarters of 
its area on the side remote from the other electrode ex 
tending over and free of direct contact with the semi 
conductive body, said emitter and base electrodes being 
spaced apart a distance less than 0.010 inch, the size of 
said emitter and base electrodes in the direction of their 
separation being no greater'than 0.040 inch. 

2. A transistor as set forth in claim 1 wherein insulat~ 
ing material is disposed between the semiconductive body 
and the electrode portion extending over and free of direct 
contact with the said body. 

3. A transistor as set forth in claim 1 wherein the size 
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of each of the emitter and ‘base electrodes in the direction 
of their separation is no greater than the distance of their 
separation multiplied by a factor'of four. a 

4. A high-frequency transistor comprising a semicon 
ductive body having a collector region of one conductivity 
type and a thin diffused base region of the opposite con 
ductivity type, separate emitter and baseaelectrodes al 
loyed adjacent to, one another on the same surface of the 
body forming emitter and base recrystallized regions, re 
spectively, contacting the base region, said base recrystal 
lized region being of the same type conductivity as that 
of the base region, said emitter recrystallized region being 
of the opposite type conductivity to that of the base 
region, the semiconductive body portions underneath 
each of the emitter and base electrodes on the side ‘of each 
remote from the other being cut away such that‘ the cross 
sectional area in a plane parallel to the body of each of 
the recrystallized regions is no greater than one-quarter 
the cross-sectional area of their overlying "electrodes and 
the latter have at least three-quarters of their area ‘on the 
side remote from ‘the other electrode extending over and 
free of direct contact with he semiconducive body, said 
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emitter and base electrodes being spaced apart a distance 
less than 0.010 inch, the size of each or" said emitter and 
base electrodes in the direction of their separation being 
no greater than the distance of their separation multiplied 
by a factor of four. 
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