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This invention pertains to the use of the Vari 
able semi-conducting properties of germanium 
crystals as electrical amplifiers. It particularly 
pertains to the manufacture of a device which 
takes advantage of those properties. 
Amplifying properties are exhibited by a ger 

manium crystal if it is arranged SO that tWO Small 
electrodes are mounted SO as to touch one face 
of the crystal with a separation of the Order of 

(C. 317-235) 

two or three one-thousands of an inch and a 0 
third contact is made with the base of the crystal. 
The amplification is apparent between a poten 
tial applied to the crystal between the base of 
the crystal and one electrode (emitter) and a 
current flow in a circuit comprising the other 
electrode (collector) and the base of the crystal. 
Such an arrangement or device has been denoted 
a transfer resistor or "transistor.' 
In the past, the fabrication of Satisfactory de 

vices of this type has been complicated because 
two characteristics-Spacing of the collector and 
emitter electrodes, and the pressure exerted by 
them on the crystal-are critical. Therefore, it 
has been necessary to employ a large amount of 
highly skilled labor in their manufacture, and 
to perform the critical adjustments under the 
microscope. Furthermore, these precision ad 
justments imposed a lower limit upon the prac 
ticable size of the transfer resistor Which Would 
otherwise not have been imposed. The germa 
nium crystal itself is normally of the Order of 
is inch om a side and the collector and emitter 
electrodes need be no larger than One hundredth 
of an inch in diameter. Yet because of the 
method of fabrication heretofore used, it has been 
impracticable to attain the Small Size indicated 
by the above dimensions. 
A further difficulty has been that the hand 

adjustment factor in each individual transfer 
resistor has prevented the attainment of uni 
formity of the final products. In other words, 
each individual transfer resistor fabricated and 
adjusted by hand had different performance 
characteristics than the otherS. 

it is therefore an object of this invention to 
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It is a further object of this invention to pro 

Wide a transfer resistor with fixed spacing be 
tWeen emitter and collector electrodes and with 
easily adjustable pressure by emitter and collec 
tOr electrodes on the germanium crystal. 

It is still a further object of this invention to 
provide a method and means for making transfer 
resistors of minimum size with a minimum of 
microScopic adjustment and skilled labor. 
Other objects of invention will become appar 

ent from the folloWing description taken in con 
nection. With the accompanying drawings, in 
Which 

Fig. 1 is a View of a transfer resistor con 
structed according to this invention; 

Fig. 2 is an enlarged partial view of a compo 
nent of the device shown in Fig. 1; 

Fig. 3 is a view of a modified form of the inven 
tion; 

Fig. 4 is an enlarged partial view of a compo 
nent of the device shown in Fig. 3; 

Fig. 5 is a view of a Second modification of the 
in Vention; 

Fig. 6 is an enlarged detail view of a part of 
the device shown in Fig. 5; and 

Fig. 7 is a plan view of the equipment used to 
... assemble the device shown in Fig. 5. 
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Referring to Fig. 1 there is shown a cross-sec 
tional View of a transfer resistor constructed 
according to this invention. Two small metallic 
Conductors and 2 are separated by an insulating 
Strip 3, and covered by insulator 4 and are con 
nected at one end to leads 5 and 6 in insulating 
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provide a transfer resistor which is relatively easy 
to fabricate om a large Scale. 

It is another object of this invention to provide 
a transfer resistor which can be made uniformly. 

It is another object of this invention to provide 
a transfer resistor Which requires a minimum of 
skilled labor for its fabrication. 

It is another object of this invention to provide 
a method of fabrication of transfer resistors 
which eliminates tedious precision adjustments. 
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block, and at the opposite end touch germanium 
Crystal 8 held in mount 9 by set screw 0 and 
Spring f. Mount 9 and insulating block are 
held in rigid relationship by tubular case 25. 

Fig. 2. shows how conductors and 2, which are 
the enitter and collector electrodes in the com 
pleted device, are fabricated so as to eliminate 
ha.phazard Spacing and non-uniformity. Con 
ductors and 2, which may conveniently be of 
tungstein or Phosphor bronze, are cemented, 
molded, or laminated to strips of plastic insula 
tion which form insulators 3 and 4 to separate 
and cover, respectively, the assembled electrode. 
This Operation may be carried on to form in 
definitely long continuous lengths of assembled 
electrode. When it is desired to fabricate a 
transfer resistor, it is necessary, only to cut a 
short length of assembled electrode normal to its 
axis, and bevel the ends of conductors and 2 as 
indicated in Fig. 1 by grinding the edges, the 

55 grinding being conducted on each Side toward the 
point to leave a burr on the ends of the piece ex 
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resistor comprising rigidly attaching in parallel 
orientation and at predetermined distance apart 
two metallic conductors to a continuous insulat 
ing strip of indefinite length, cutting the result 
ing continuous assembly into predetermined 
lengths and extending Said metallic conductors 
by the electrolytic deposition of metal on the cut 
ends of said conductor to thereby obtain collec 
tor and emitter electiodes. 

4. The steps in making a transfer resistor 
comprising continuously applying a uniform film 
of enamel to two Phosphor bronze conductors 
of indefinite length, drying said enamel, and ap 
plying a plastic casting material to said conduc 
tors while parallel and adjacent to each other to 
thereby form a double electrode capable of re 
production with uniform internal Spacing be 
tWeen conductors. 

5. Electrical amplifying means comprising a 
crystal exhibiting semi-conductive properties, a 
tubular holder for said crystal adapted to allow 
freedom for translational motion of said crystal 
in One direction only, means for adjusting the 
position of Said Crystal in Said holder while 
maintaining resilient pressure on it, a cylindrical 
member fitted within Said holder in opposed po 
sition to said crystal containing two conductors 
adapted to contact Said crystal at a predeter 

6 
mined distance apart, and means for holding said 
crystal and said cylindrical member rigidly in 
opposed position within said holder when Said 
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adjustment is completed. 
6. A device as recited in claim 1 in which said 

conductors comprise metallic Strips plated as a 
Single metallic strip on an insulating strip and 
in which said means for separating said conduc 
tors is a scratch inscribed on said single metallic 
strip to thereby divide it into separate conduc 
tors. 

GEORGE H. R.ODGERS, JR. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Nürnber Name Date 
756,676 Midgley ------------ Apr. 5, 1904 
817.664 Plecher ------------ Apr. 10, 1906 

2,156,660 Vara Gee1 --------------- May 2, 1939 
2,402,839 Ohl --------------- June 25, 1946 
2.432,116 McLean et al. ------- Dec. 9, 1947 
2,476,323 Rack -------------- July 19, 1949 
2,486,776 Barney ------------- Nov. 1, 1949 
2,524,033 Ba1"deen ------------------ Oct. 3, 1950 
2,524,035 Bardeen et al. --------- Oct. 3, 1950 
2,572,993 Douglas et al.------- Oct. 30, 1951 
2,583,008 Olsen ------------ Jain. 22, 1952 
2,615,965 Amico ------------- Oct. 28, 1952 


