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Abstract
A new oscillator configuration for Josephson voltage

standard is proposed and designed by a novel method. An

analytic design procedure is presented for general six

configurations of oscillators with two loads. The power

splitting relationship between two loads is derived with

respect to the reactive(lossless) embedding element. A

HEMT oscillator is designed in X-Band for the Josephson

voltage standard and tested in room and cryogenic

temperatures. There is a significant improvement of C/N

ratio it is operated at cryogenic temperature(4.2K).

I. Introduction

When the microwave signal is injected into the

Josephson junction, the output DC voltage produced by

V.= nf/(2e/h) (n: integer), that is output DC voltage

depends upon the applied source frequency and fundamental

physical constant of 2e/h. Based on this principle, the

Josephson voltage standard system gives the order of the

order of fi-equency measuring which can be measured with

the highest precision among the physical quantities.

Recently, instead of an expensive superconducting

microwave monolithic integrated circuits (SMMIC) based on

series arrays of Josephson junctions, hybrid integration

techniques are successfully used for establishing a

Josephson series array[l]. Hybrid integration circuit(HIC)

using the X-band microwave oscillator has advantages over

SMMIC in views of cost, system complexity, energy

consumption, and implementation. HIC oscillators of plastic

package MESFET have been successfully applied to the

Josephson voltage standard at cryogenic temperature of

liquid helium, however the performance of HEMT oscillator

has not been reported at this temperature to authors’ review.

In this paper, a HEMT oscillator of a new circuit topology

is designed and tested for the application of the Josephson

voltage standard of HIC type.

II. General Six Topologies of Oscillators

with Two Loads

In many applications including Josephson voltage

standard, oscillators have a coupling load in addition to the

output load. In the stable oscillation system, this coupling

load is used as a locking port for stabilizing the oscillation

frequency. Couplers, power splitters or lumped passive

elements are used for a coupling port. However these

additional elements increase the complexity and size of

circuit. To reduce the circuit size and complexity, it is

required a new oscillator configuration which has a direct

coupling load in addition to the output load.

In this paper, we present new six topologies of

microwave oscillators shown in Fig. 1. The proposed

configurations have two loads, one is for output port and

the other is for coupling port.

III. Oscillator Design using Substitution

Theory

An oscillator is composed of an active device and

external feedback elements. The external feedback elements

are usually determined for the active device to deliver

maximum output power to the load. The feedback elements

are calculated born the nonlinear or linear parameters of

active device. So the characterization of the active device is

required to maximize the output power.
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Fig. 1. Proposed six configurations of oscillators with a direct coupling
load.

To analyze the active device, substitution theory for the

embedding network is applied as shown in Fig. 2 [2]. In

Fig. 2, embedding feedback elements are represented as the

terminal voltages and currents. To optimize the output

power of oscillator we have only to find out the input

incident power Ievel( P ~) and load( 111) of Fig. 3.

For the ceramic package HEMT(FHX35LG), the results

of substitution are shown in Fig. 4. The object of

substitution is to obtain the terminal voltages and currents

(v~, II, v~, and Iz) which give the maximum output

power.

From Fig. 4-(a), the input power level can be selected

at Pti=7 dBm which is slightly below maximum DC-RF

efficiency point. To find out the optimum load(Zopt) of

Fig. 2, the load-pull is carried out, and the result is shown

in Fig. 4-(b). The optimum load corresponding to maximum

output power from Fig. 4-(b) is

ZOp,=36.024 +j3.6893 . (1)

If RF terminal voltages and currents are obtained by

using above approach, it is possible to determine the values

of all elements of the generalized six basic oscillator

configurations of Fig. 1.

Since the proposed configurations of oscillators have 5

variables(one lossless element and two loads), but the only

four independent equations can be obtained from real and

imaginary parts of network parameters. Therefore the

embedding network elements can not be determined

uniquely. The values of elements have under-determined

solutions, and their solutions result in that the total power

produced by active device is splitted into output load and

coupling load with respect to the lossless element. The

derived values of embedding feedback elements of six

general configurations are given in Table 1 and 2.
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Fig. 3. Load-pull Method using substitution of embedding
elements for the analysis of RF-operating point of oscillator. TO
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Fig. 4. (a) Sweep of RF-drive level Pin(qJ for determination of the

optimum RF-drive level (FHX35LG HEMT, Z.nt=36.0241 +j3.6893), (b)

Results of load-pull of Fig. 6 (Pin=7dBm)
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Fi9. 5. power splitting relationship versus the

Iossless feedback element.

If the value of lossless elements is selected within the

specific oscillation range(for example, between min(jXs) and

maxf’jXs) for case (a) in Fig. 1), the power splitting

relationship between load and coupling load is depicted as

Fig. 5. It is noted that the limit value of the lossless such

as min(jXs) or max(jXs) coincides with the conventional

oscillator with one load. That is, the conventional

configurations are the specific cases of the proposed

configurations, so the proposed configurations are extensions

of conventional general six oscillators[3]-[5].

IV. Experimental Results

X-band HEMT(FHX35LG) oscillator with a coupling load

is designed by above design approach at room temperature,

and tested at temperature of liquid helium. Nonlinear

model(EEHEMT) of the HEMT is used to optimize the

output power by using substitution theory. For the oscillator

configuration of case (a) in Table 1, the oscillator have

following oscillation range.

j159 ( jx. ( j2439 (2)

If we select j387 as the source reactance, the power

relationship between load and coupling port has about 10

dB difference, Circuit pattern are realized in microstrip type

except for the CPW transition between load and Josephson

array. Glass-fiber reinforce teflon substrate(Chuko) of 654

urn with 17 urn copper layers is used. Ceramic package

HEMT is used for the design. It has been reported that its

performance such as output power and phase noise is

superior to MESFET at 11OK except current collapse[6].

The circuit layout pattern and its description are shown in

Fig. 6. To avoid the current collapse, drain bias is selected

slightly higher than maximum tansconductance drain

voltage. The output powers of oscillator are shown in Fig.

7 and Fig. 8. Power difference of about 7dB between

output load and coupling load is obtained at room

temperature. C/N ratio of -70 dBc/Hz @50kHz is measured

by spectrum analyzer(HP-8566B) at roon temperature. This

C/N ratio @50kHz is significantly reduced by about 20dB

at cryogenic temperature shown in Fig. 9. Output power at

low temperature has also the higher value by 3.5dB. The

short term stability is improved from 10-4 at room

temperature to 10-6 at low temperature.
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Fig. 6. Circuit layout :(70~30 mmz)
(D: load, 0: coupling load, @: area of Josephson series
array, @): bias pattern, @: DC blocking, @: microstrip to
CPW transition (7): HEMT(FHX35LG), @: source

im~edance, @ DC Dad
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Fig. 7. Load and coupling powers of the implemented
HEMT oscillator versus drain bias at room temperature.
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Fig. 8. Load and coupling powers of the implemented
HEMT osctlator versus drain bias at cryogenic(4.2K)

temperature.
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V. Conclusion

We propose new configurations of oscillators with a

direct coupling load, and the values of embedding elements

are calculated in analytic forms. A X-band HEMT oscillator

for Josephson voltage standard is designed and

experimented at cryogenic temperature of liquid helium. It

is considered that the proposed configurations are useful to

reduce the circuit size of oscillator with a coupling load.
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Table 1. Values of embedding elements and oscillation range for the
series feedback oscillator with a coupling load.

I case I external elements I oscillation range

~ ‘a’ I [2]=[:%][4]
I

Re{zl)–lm{&}x, ~ 0, &
s Re(zJ - lm{fl~}x, ~ O

I I
v,

=1-T’
~2=Y2

Iz

I P’, =-(1+$)=-(1+1/A,), &=-(l+fi)=–(l+A,)

Table 2. Values of embedding elements and oscillation range for the
parallel feedback oscillator with a coupling load.

= external elements oscillation raage

I (d) I [%1=[;:2 [B’&l1Re(yl] –Im{aJb& > 0, &
Re{yz} – Im(a~}bdg > 0 I

1,
Y1.q.

12

Y’=q I
q=-l+% =-l+&,v, a~=–1+~=–1+1/Av

AY=y, Xab —y2Xq

Fig.9. Comparison between the spectrums of the implemented
HEMT oscillator at room and cryogenic temperatures.

HEMT is biased at ( V,, ‘–0.5v, V&= 3V)
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