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The autlnors had previously reported that the silver bonded germanium

diode was suitable for a parametric s@ifier and we have succeeded in

parametric amplification at llGG using this type of diode, and Obttined a

noise figure of 3.5 dB at roem temperature. 1), 2)

?.ecently tine autnors have experimented with an llGC parametric amplifier

using a rdrigerated. silver bonded diode and obtained very low noise chara-

cteristics. The dicde used in our experiments was a silver bonded diode of

the type GSBI, and is msde through the follewing procees. After a silver

whisker containing a small amount of csllium has been brought into point contact

with an N-type germanium wafer, an electrical forting proce se is performed

by applying the discharging current of a capacitor to it. The case holder

of the diode is a gle ss sealed type as that of a 1N263. The main features

of the diode are; the junction capacitance at zero bias is less than 0.3 @,

the breakdown voltage is 6V and the cutoff frequency at breakdown voltage ia

higher than 120X.

The impedance character stics of the diode were measured using the

automatic impedance di s@Y unit as shown in Fig. 1> which was developd

by MC. Tsuchiya in our laboratory. 3) The important part of this Unit is the

1) s.

2) s..

3) s.
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waveguirk coupler. It is c ailed a phase directional coupler end consists of

two rectangular wave~uides that intersect at ri~ht angles with their broad

wall in close contact. There is a coupling slit at the common wall. This

slit can be rotated about its center at high speed by a synchronous motor.

The reflected. wave irom the diocie under test is detected by a crystal diode

in a secondary waveEuide. This detected volta~e is linearly proportional to

the magnitude and the phase of the reflected wave , and this voltage is amplified

and applied to a cathode ray tube on whose surf rice a Smith chart is printed.

The impedance of the diode being tested can be read from the position of the

bri:ht spot on the cathode ray tube. This method of impedance measurement

is very easy compared to the conventional method, for instence, the slotted

line method.

The impedance characteristics of the dioae at room temperature and at

llOOk, are snown in Fig. 2. The former is shown by a solid line, and the

latter by a clotted line. At room temperature, the diode was matched at zero

bias, and the impedance variation of the diode wi ‘c& bias voltage was measured

at llGC . The ~ Is of the d.ioc:e at zero bias voltaEe and -5V were 8 and 17,

r~spectively, at llGC from tne curves in Fig. 2. ‘The diode was refrigerated

using heat concluctiofi in a copper rOd which was immersed in Iiqufd nitrogen.

But the diofle could not be refrigerated to a temperature below llC°K, as the

heat conduction of the waveguicie was large. The i,mpetiance locus apL.roxirnately

coincides with R/ E.o=O. t?5 circle at llO°K. ?his means that the series resistance

of the diode decreased to 85 per cent of its value at room temperat~e. The

junction capacitance at zero bias also decreased to 75 per cent. And so the

quality factor at zero bias increased by about 5’2 per cent from the value at

room temperature. ?ne temperature dependence of the series resistance (Rs ),

the junction capacit~nce at zero bias (Co), and tine quality i’actor at zero
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bias ( Qo ) are shown in Fig. 3. By refrigeration, Ra and Co decreased and Qo

increased from the value at room temperature. The authors believe that such

character sties are due mainly to the temperature dependence of the resistivity

of germanium.

By refrigeration, the contact potential of the diode increaees. There-

fore, the amplitude cf the applied pump voltage in the forward bias region cf

the diode caa be large. That means the factor of capacitance change ~and the

6j&mic quality factor T of the diode become large as shown in Fig. 4. By

refrigeration the 3 inoreaeed to 3.0 from 2.4.

The reverse current of a parametric dicde is en important factor for lcw

noise parametric amplification. The vcltage-current cheracterietics of the

silver bonded diode sre shown in Fig. 5. The reverse current of the dicde

P
is about 1 A at -lV at room temperature. The current decreases about O.Ol#A

at lLO°K and tilis vslue is comparable to the value of the diffused silioon

diode.

An llC& parametric amplifier waa built using the silver bonded dicde.

The signal frequent y was l-l .6GO snd the pump frequency was 23.2(X. The

measured noise figures (degenerated type ) as a function cf the diode

temperature are shown in Fig. 6. The noise figure was lowered to 1.5 dB

when the diode was refrigerated to 140°K. The pump power necessmy to maintain

the gsin at 12 dB was about 70 cW at room temperature and decreased to 30 nil

at 1.40°K.

Better characteristics could be ex~cted by an improvement of the

refrigerating devices.
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Fig. 4 - Variation of

Q With Diode Temperature
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NOTES

lletcom, Inc.

76 tifayette St. Salem, Massachusetts
I

Microwave tubes ancl Devices, TR and ATR Tubes, Magnetrons,

Klystrons, Cavities, Solid State Limiters, and Switches, Du-

plexing Systems

98


