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Subtle Differences in System Noise Measurements

and Calibration of Noise Standards*

T. MUKAIHATA~, B. L. WALSH, JR.~, MEMBER, IRE, M. F. BOTTJER~, AND E. B. ROBERTS~

Surmnary-Stringent system requirements and the lack of ac-

curate standards have been the source of many controversies in low-
noise receiver measurements.

Some of the critical measurement problems where subtle errors
commonly arise, and their significance in automatic noise tempera-
ture monitoring systems have been investigated at L-, S-, and X-

band frequencies.

Problems of interest include the following: 1) difficulty in deter-
mining losses associated with low-noise systems and measuring

equipment, 2) differences in noise figure measurements depending

upon the use of gate d or nongated receivers, 3) discrepancies in

excess noise ratios of secondary standard argon gas tubes, 4) non-

uniformity in the output noise power of such gas tubes due to critical

coupling from the gas tube proper to the waveguide (or coaxial)

output flange.

As a partial solution to these problems noise standards at liquid

nitrogen temperature in coax and waveguide were developed at the

aforementioned bands.

1. INTRODUCTION

T
HE TECHNICAL “know how” and engineering

skill in the fabrication of parametric amplifiers

(paramps) and other low-noise devices have ad-

vanced to such a state that there is considerable de-

mand for adapting such devices as subsystems to com-

plicated existing radar, deep space probe, and com-

munication systems. In addition, an accurate auto-

matic technique for continuous monitoring of noise

figure of a system has become a significant requirement.

The Deep Space Instrumentation Facility (DSIF)

Paramp Subsystem was developed with provisions to

meet the above requirement at L- and S-band fre-

quencies by the Microwave Components Department,

Aerospace Group, for the Jet Propulsion Laboratory,

a prime contractor of NASA.

The paramp subsystem utilizes a paramp and asso-

ciated temperature control and power-source equip-

ment for providing stable, low-noise RF amplification

of incoming signals from the antenna feed line. The

automatic system excess noise temperature (ASENT)

measurement equipment is included to provide con-

tinuous measurement of system temperature of the re-

ceiver system by comparing total noise power referred

to the input of the paramp with calibrated noise power

injected into the system.

The scope of this paper is confined to the problems

associated with the calibration of the ASENT equip-
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ment, calibration of the gas tube standard incorporated

in the system, and noise-figure measurements of the

paramp subsystem. A prime concern is the accuracy in-

volved in measurement of low-noise-figure receivers

and the calibration of pulsed gas tube noise generators.

II. DESCRIPTION AND OPERATING PRINCIPLE

OF PARAMP SUBSYSTEM

The ASENT equipment provides an indication of the

total system noise temperature during actual tracking

operations. For example, in radio astronomy applica-

tion the ASENT equipment provides an indication of

the noise produced by the signal source at the receiver

input, plus the antenna feed line loss, plus the noise

produced within the receiver.

The total system noise temperature is obtained by

automatically comparing the actual system noise with

periodically injected calibrated noise signal (96”K)

through a nominal 20-db coupler (see Fig. 1). The re-

ceiver is periodically gated to sample the total system

noise with the noise source alternately p’ulsed on and

off. The sampled pulse for the gas tube fired and un-

fired conditions are designated as Nz and Nl, respec-

tively. The power ratio of the integrated values of Nz

and Nl, as analyzed by the circuit, provide the system

noise temperature.

The sampling for the fired condition of the gas tube

is made during the constant ionization period rather

than during the gas tube ionization build-up or decay

time. The triggering pulse for the gated receiver was

250-psec wide at 300 pps in order to sample the fired

and unfired conditions of the gas tube which was

periodically fixed at 150 pps.

III. REFERENCE STANDARDS

A. Coaxial Cold -Load

At the outset of the DSI F program, a coaxial noise

standard was needed for the calibration of argon gas

tubes which were to be incorporated as secondary

noise standards in the paramp subsystems. A coaxial

noise standard was developed with the idea of using

a single load to be used at two known reference tempera-

tures. This was believed to be an advantage over the

construction of two loads with similar characteristics

but at different temperatures, It was also intended to

avoid the use of a coaxial switch (due to repeatability

problem) in switching from one load to another.

An inverted tapered coaxial load was used to assure

good physical contact with its casing which was im-
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Fig. l—Blc,ck diagram of DSIF paramp subsystem.

mersed in liquid nitrogen. Both ends of the casing ex-

tended through and beyond the insulated liquid-

.nitrogen container. The section of the casing contain-

ing the load was centered in the liquid nitrogen supply.

A type N connector was placed on one endl to connect

to the system under test. The other end was made so

that the center conductor was accessible. The use of a

[conventional coaxial switch was avoided by making

the center conductor removable from the type N con-

nector by pulling the center conductor from the ac-

cessible end. Upon disconnecting the center conductor

an open-circuit condition (Iossless discontinuity) would

cause the noise power generated in an isolator preced-

ing the cold load to be reflected into the receiver input.

The temperature of the load at the center was measured

to be 7’7.5° + 0.2°K with a platinum resistance thermom-

eter, certified by NBS to liquid oxygen temperature

(– 182.970” C). The data was extrapolated to liquid

nitrogen temperature.

A commercial hot-cold body standard nclise genera-

tor became available later and extensive comparisons

with similar models and with the aforementioned cold

load as well as with another cold load macle by C. T.

Stelzrid of J PL revealed no differences larger than the

measurement accuracy of f 0.05 db.

The temperature of the hot load (373.1°K) was

verified by repeated comparison of noise-figure measu-

rements and calibration of gas tube noise sc]urces made

with the hot-cold body standard and the Hughes cold-

load standard. The results of this comparisc)n indicated

a negligible error. In addition the temperature meas-

urement of ice water and of a dry-ice acetone solution

required knowledge of the hot temperature. The re-

sults are given in Section V-B.

The coaxial switch in the commercial unit exhibited

a loss of 0.03 db with a high degree of repeatability in

measurement in switching from hot to cold load. The

VSWR of the hot-cold body standard was 1.08 or less
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at 0.96, 1.3, and 2.295 Gc with essentially no VSWR

difference between the hot and cold loads. For the

systems under consideration, sufficient isolation existed

in the paramp circulator so that the slightly mis-

matched source did not produce any noticeable error.

Since the losses between the standard cold load at

77.3°K (theoretical) and the input terminal of the

system at temperature % (approximately 293” K) was

of the order of 0.01 db, the error due to temperature

gradient has been neglected. A first-order approxima-

tion can be made by postulating a linear temperature

rise with guide length from the system input tempera-

ture which is at t.and by integrating the temperature

rise per unit guide length over the length. If the resis-

tive loss in the guide walls is appreciable and the

temperature difference between the source and the

system is large, a coh-ection for the effective source

temperature can be made as computed by Sees [1] and

Wells, Daywitt, and Miller [2]. Computations gave a

value of 78°K for the reference cold temperature.

B. Waveguide Cold Load

A waveguide cold load was constructed by placing

two conventional pyramidal loads in the corners of the

waveguide casing to obtain maximum contact of the

loads with the waveguide walls. An epoxy potting

compound was used to hold the loads in place and to

seal the end of the load casing. The load thus con-

structed has a VSWR of less than 1.01 at both room

temperature and when cooled by liquid nitrogen.

Large radiating fins were mounted near the output

flange of the cold load, and a fan was directed onto

the fins in order to limit the region of temperature

gradient between the cold source and the system. A

mica window was placed at the output flange to prevent

condensation of moisture inside the guide. The VSWR,

due to the mica, increased to 1.05. For systems sensitive

to slightly mismatched source, it is recommended that

an isolator be inserted between the source and the sys-

tem. A conventional waveguide switch was used for

switching either a matched load at room temperature

or the cold load into the circuit.

IV. PROCEDURE AND ANALYSIS

The technique utilized in determining noise figure

and excess-noise ratio of a gas tube is the conventional

IF attenuator method in which the Y factor is obtained.

Figs. 2 and 3 actually represent a single system under

different conditions for determining the noise figure

and the excess-noise ratio of a gas tube, respectively.

Essentially, two Y factor measurements are made.

The first Y factor measurement (Fig. 2) determines the

noise factor ~ or the effective temperature t.of the re-

ceiver by keeping the gas tube unfired and adjusting

the IF attenuator in the receiver for equal IF output

when SI is switched from hot to cold load (or vice versa).
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determining the excess-noise ratio of a gas tube noise source.

The noise figure or effective temperature is calculated

by use of the appropriate equation, as derived in the

analysis. The second Y factor or Y’ measurement (Fig.

3) determines the excess-noise ratio of a gas tube from

the measured noise factor of the receiver. This is ac-

complished by connecting S1 to a standard temperature

and obtaining equal IF output by adjusting the IF

attenuator for the fired and unfired conditions of the

gas tube. (Preferably, S1 is connected to the cold tem-

perature in order to obtain a larger Y factor which re-

sults in a smaller error.) The excess-noise ratio is cal-

culated from the appropriate equation also derived in

the analysis. The stability of the paramp under test

was assured by use of a stabilized pump power source

and regulated bias supply for the varactor in the

paramp. The tests were conducted under constant

ambient temperature condition. A 30-Mc I F attenuator

calibrated within 0.02 db of an NBS transfer standard

was also used.

The definitions used in the following analysis are

th,= hot-source temperature,

t..= cold-source temperature,

t.= network temperature,

T

c

a

is the transmission coefficient defined in db as

A =10 log l/T,

is the coupling coefficient defined in db as C= 10

log 1/6,

is the absorption coefficient defined as a = 1 — c — T

where D = 10 log I/a.
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Parameters I-, c, and a are calculated from measure- 2) Noise Figure of Receiver Using a Cold Body StG!nd-

ments clf attenuation A and coupling-factco- C of the ard: With reference to Fig. 2 and tha = t., ancl eh = 0, the

network. A well-matched system is assumed and higher-

order terms beyond the accuracy of measurements are

omitted in the analysis.

A. Receiver Effective Temperature

The following standard definitions are used with ref-

erence to Fig. 2.

t, + t2h
y=

t, + tl. ‘

t, = (f – 1)290.

(1)

(2)

tz~ = ‘Total temperature at the receiver-input terminal

with switch .$ connected to the hot source at tempera-

ture th. and Sz connected to the unfired gas tube termi-

nated in a matched load at ambient network tempera-

ture t. (Fig, 2).

tl. = Total temperature at the receiver-input terminal

with S1 connected to the cold source at temperature t..

and Sz remaining at tn.

t,= Effective ~eceiver-noise temperature, referred to

the receiver input.

1) Noise Figure of Receiver with Hot and Cold Body

Standard Temperatures Applied: Solving (1) for the

effective receiver temperature:

t2h — Ytk
tg =

y–l ‘

to= t2h— ‘2tl. 3-db method.

(3)

(34

The total temperature at the receiver input with .%
switched to the hot and cold source, respectively, is

t2h = (ths— tn)r + t.,

tlc= (t., — tn)r+ f..

From (1) and (2), the noise factor becomes

eh + ye.f=
y–l’

f=ek+2ee 3-db method

where

t2h

ek=~—1,

t 1.

ec=l —— t,c < 290”K.
290

The co responding noise figure F in decibels is

F = 10 log (eh + ye.) – 10 log (y – 1[),

F = 10 log (eh + 2e,) 3-db method.

following equations appl~:

t. — ytlc
te =

y–l’

t. = t. – 2tl. 3-db method,

f- ye’ ,
y–1

f = 2ee 3-db method.

In decibels

F= 10logy+ EC, –A–lOlog (y-

F=3+EC, –A 3-db method

where

E,. = 10 log e.,

f

(lo)

(’10a)

(11)

(ha)

1), (12)

(12a)

(13)

e., =l—~; t..< 290°K,,
290

B. Calibration of the Gas Tube

If the gain and the system parameters remain con-

stant, then consecutive Y and U’ measurements can be

made in accordance with the described procedure. The

two measurements are interrelated through the effec-

tive temperature relation of (1) as follows:

t2h— Ytl. t2h— ‘y’t].f

y–l = y~–l ‘ (14)

(4)

The unprimed and primed letters refer to measure-
(5)

ment conditions in determining the noise figure and

excess-noise ratio of the gas tube, respectively. Under

the conditions of Fig. 3, the following temperatures

exist at the receiver input:
(6)

t2h’ = (t.. — t.)~ + (thg — @C + t., (15)

(6a)

tl.’= (t.=— tn)T+ tn. (16)

tzh’ and tl.are determined from (4) and (.S).

(7) 1) Calibration of Gas Tube with Hot and Cold .Body

Standard: From (14) the excess-noise ratio of the gas

tube e~a can be derived as

(8)

(y’ – 1)(eh8 + ecs)~ = (i – l)(ths – tc.)r, ~1~)
ehg =

C(y – 1) G(Y — 1)2901

(9) (th,– tc.)~
ehg:= 3-db method

(9a) 290c
(17a)
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where

thg ths
—— 1; e~,=——l; e,,=1–~.

‘h’ = 290 290 290

In decibels,

(th, – L)
~h, = C + 10 log (y’ – 1) + 10 log

290

.–lolog(y–l)– A. (18)

2) Calibration of Gas Tube with u Cold Body Stand-

ard: For the condition t~, = tn, eh, = O, and the following

equations apply:

r(y’ — I)e,.
(19)

‘ho = C(y – 1) ‘

rec.
t?hg z — 3-db method, (19a)

c

Ek, =C– A+lOlog (y’–l)– lOlog (y–l)

()+Io log 1–;, (20)

()Eho = C – A + 10 log 1 – ~ 3-db method. (20a)

found. This was attributed to the critical mechanical

alignment of the gas tube with respect to the coaxial

coupling circuit.

Measurements made at 0.96 Gc on the same gas tubes

gave a higher average value of excess-noise ratio of

16.0 + 0.1 db. Typical values of cold loss A. and hot loss

Ah were 0.1 and 25 db, respectively. The values at 2.295

Gc were A.= 0.4 db and Ah= 19 db. An approximation

of the internal gas tube temperature tha relative to the

measured gas tube temperature thg(a~p.,..i)at the output

connector is given by

thg(apparent) = thg(l – A/JAc, (21)

where tha(ap~a,rmt) = thg in Table I.

The room temperature correction has been neglected

in (21). The internal apparent temperature is calculated

–12,220”K at 0.96 Gc.to be tho= 12,500”K for tha(appareat) —

Since the same tube was used at 0.96 and 2.295 Gc, th,

at 2.295 Gc was calculated from (21) using ~h. = 12,500”K

and the appropriate cold and hot losses. The computed

– 11,400”K is in good agree-apparent value tfi~(zpp~~~.t) —

ment with the data of Table I.

On the basis of the average values determined for the

noise temperature of the gas tube, the nominal 20-db

coupling value required an adjustment in order to inject

the required reference 96°K into the system. The selec-

tion of 96°K was based on the following reasons:

V. MEASUREMENTS

A. Noise Figure Measurements and Calibration

of Gas Tubes

Using a pulse with a 50 per cent duty cycle, fast rise-

and-fall time characteristics, and minimum overshoot,

one would expect a 3-db difference in a 30-Mc receiver

output as compared to the receiver output with a gas

tube fired continuously. Fig. 4 shows a typical condition

of the ionization and deionization characteristics. Also,

the symmetry of the modulating waveform is an im-

portant consideration. For these reasons a gated re-

ceiver which samples the fired and unfired noise tem-

peratures during completely ionized and deionized

states is recommended.

Measurements using a paramp were first made at 1.3

Gc. The measured excess-noise ratio of the argon gas

tube was 15.9 db. Noise-figure measurements on the

prototype paramp subsystem were made with an argon

gas tube with an advertised value of 15.2 db. Noise fig-

ures as low as 0.2 and 0.8 db were obtained at 0.96 and

2.295 Gc, respectively. These results were compared

with manual measurements utilizing a commercial hot-

and cold-load noise standard. A discrepancy between

the manual and automatic measurements was found.

Extensive tests indicated that the gas tube excess-

noise ratio was greater than 15.2 db.

Test results at 2.295 Gc are given in Table I. A dif-

,.ference in excess-noise ratio amounting to 1 db was

Fig. 4—Ionization buildup and decay characteristics
of an argon gas tube.

TABLE I

COAXIAL GAS TUBE CALIBRATION DATA

Tube
Serial

thg* Ehg

NL o.
& (d{) (L) ri) ~K) (db)

130
134
157
173
157””
173**

298.2
298.2
296.0
296.0
298.0
298.0

2.40 5.98
2.54 6.29
2.54 5.58
2.44 6.17
2.67 6.42
2.63 6.37

256.2 11,382
230.6 11,606
230.6 9,376
248.6 11,794
203.3 11,176
207.6 11,233

15.83
15.91
14.96
15.98
15.74
15.77

I

* Numerical digits carried out for purposes of calculation.
** Tube no~, 157 and 173 interchanged in their respective casings.

Tube type: Bendix No. TD72; tube current= 150 ma; test condi-
tions: A =0.55 db; C= 10.2 db; t..= 78”K; tk, =373”K; frequency
=2.295 Gc.
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1) The use of a nominal 20-db coupler with an antici-

pated excess-noise ratio of 15.2 db for the argon

tube.

2) The resolution and sensitivity of the pulse ratio

system at the system temperatures expected.

3) The prevention of obscuring weak signals during

system temperature measurements.

A tota 1 of seven paramp subsystems were developed

and evaluated. The noise figures ranged from 1.2 db to

2.2 db at. 0.96 Gc and 2.295 Gc.

B. Measurement of Standard Temperatures

In order to obtain consistent measurements, a cali-

brated gas tube was used to determine the temperature

of other liquids which were substituted for the liquid

nitrogen, The standard hot source temperature in con-

junction with the calibrated argon tube was used to de-

termine the unknown cold temperature. The relation-

ship between measured quantities and the unknown

cold temperature is given by

C(y — 1) (tha– h)
tcz = th,–

y(y’ – 1) “
(22)

With the container for the cold load filled with water

and ice, the following data was obtained at 0.96 Gc:

Y = 0.900 db A = 0.44 db th,– t.= 11,920”K.

Y’= 4.830 db C = 10.84 db.

The ice-water temperature was determined from

(22) as

0.230 (1094°K)
tic.water= 373°K – = 272,9”K.

(2.041)(1.230)

Dry-ice and acetone mixture was also measured. The

values for 1? and Y’ were 1.700 and 4.600 db, respec-

tively. The temperature was found to be

A thermocouple and bridge were used to measure the

temperature of the mixture, and a reading of 190 ~ l°K

was obtained.

C. The Calibration of the System Temperature il~onitor

The System Temperature Monitor (SThl) is the sys-

tem noise temperature indicating device of tlhe ASENT

equipment. It measures the pulse amplitude ratio of

two pul:jes, N2 to Nl, which are generated when the gas

tube is turned on and off by the STlhI. The N! pulse

represents a specified amount of calibrated noise power

from the gas tube plus the receiver generated noise

power at the receiver output. The NI pulse represents

the amplified thermal noise at the receiver input plus

the receiver generated noise.

Fig. 5 depicts the STM meter reading in terms of the

pulse-amplitude ratio of NZ to N1. The equation which

the STM meter responds to is as follows:

96°

()
PR~db) = 10 log10 1 + ~ (23)

m

where Pli?(db) is the pulse amplitude ratio in db, t., is

the meter reading in degrees Kelvin which includes the

source and receiver temperatures.

The block diagram of Fig. 6 depicts the equipment

set up for the calibration of the STM. The calibration

procedure is a modification of Hewlett-Packard’s tech-

nique in the calibration of HP automatic noise-figure

meters. Various conditions of modulating pulse w,ere

investigated. Few of the common occurrences are de-

picted in Fig. 7. The relationship of the various wave-

forms are shown in Fig. 8.

D. Measurement of X-Band Gas Tubes

Table II gives the data for a series of measurements

made on 10 different gas tubes using an X-band para,mp

at 9.25 Gc.
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Fig. 5—System temperature monitor meter equation
and cahbration data.
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Fig. 6—A block diagram of the calibration setup
for the system temperature monitor.
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Fig. 7 (Left)—(a) Video output of STM with a 30-Mc CW input sig-
nal (upper trace). Detected 30-Mc input signal level (lower trace).
(b) Video output with pulse modulated 30-Mc input showing Nj
and NI pulses (upper trace). Detected pulse modulated 30-Mc
input signal (lower trace). (c) Expansion of Nz pLI ke (upper trace)
with the detected pulse modulated 30-Mc input signal (lower
trace) adi us ted for m-ouer width and delav relative to N? Dulse.
(d) Expa~sion of Nz p~lse (upper trace) ~ith insufficient{ ~idth
of modulating pulse (lower trace). (e) Expansion of NZ pulse
(upper trace) with improper delay of modulating pulse (lower
trace).

(a)

b)

Ulk’””e= __r—
l-” 6.66 nl:llmec

(150 pps)
+

(0) I I I I

(+)—————— r—

(c)

(d)

(e)

(f)

— N1

(-)
, N2 fl

Fig. 8—(a) Output of the pulse generator which modulates the 30-
Mc generator. (b) Output of the trigger generator which triggers
the STM. (c) Video output pulse of the STM with a 30-Mc CW
input. (d) Same video output pulse with the 30-Mc input pulse
modulated. (e) Pulse modulated output of the 30-Mc generator.
(f) Output of the crystal detector showing the detected modula-
tion.

TABLE II

X-BAND GAS TUBE CALIBRATION DATA

Gas
Tube
(Ser.
No.)

M-0750
M-0751
M-0752
M-0753

150
193
195
201
202
204

&

305.0
305.0
304.3
304.4
305.0
304.3
304.3
304.3
304.3
304.3

(d%) I (i)
1.02 4.03
1.02 4.00
1.09 4.28
1.10 4.22
1.02 4.05
1.10 4.23
1.10 4.22
1.07 4.23
1.11 4.22
1.10 4.25

&

547.0
547.0
496.3
489.9
547.0
489.9
489.9
509.7
483.5
489.9

thg
~K)

10,893
11,015
11,178
10,830
11,096
10,869
10,830
11,208
10,720
10,947

Tube type = Bendix No. TD41; tube current= 200 ma; te:
t~;: :$d=bl.05 db; t,,= 78”K; k, =i~; frequency =9.25 Gc; Z

. .

Ehg
(db)

15.63
15.68
15.74

5.60
5.71
5.62
5.60
5.76
.5.56
5.65

condi-
~(ave. )
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VI. ERROR ANALYSIS

Accuracies in noise-figure measurements and calibra-

tion of gas tube noise generators are limited by the fol-

lowing factors:

1) Mismatch errors.

2) Uncertainty in the standard temperature values.

4) System uncertainty due to gain instability, re-

ceiver nonlinearity, and spurious responses.

4) Error and repeatability in attenuaticm measure-

ments for determining the Y factor and system

coefficients such as r, c, and a.

Mismatch errors can be minimized by use of tuners”

However, the loss of the tuner must be considered. Sys-

tem mismatches can be a serious problem especially in

coax and in situations where space limitation in packag-

ing impose severe restrictions in component design. The

mismatch case is treated in the Appendix.

In order to determine the extent of error introduced

by the system mismatches, the following tests can be

made:

1)

2)

The mismatch effect looking from the paramp to

the antenna can be measured by use of a reflec-

torneter technique. A signal generator and detec-

tor can be substituted for the circulator matched

Ic,ad and paramp, respectively. A shcrt circuit is

placed at the circulator input to establish a refer-

ence level. The short is then replaced by the sys-

tem under test preceding the circulator. A return

lC,SS measurement (corrected for the insertion loss

of the circulator) would be indicative of the de-

sired effective reflection coefficient of the system. A

klrge return loss value is indicative of a small error

due to reflection.

The mismatch effect looking from the antenna

input towards the paramp can be measured by

noting the attenuation from the antenna feed line

to the paramp. A minimum attenuation is desired

in this case. However, the dissipative as well as

the reflective losses are included in this measure-

ment.

The other uncertainties mentioned above are treated

in the following analysis.

.4. Noise- Figure Measurements by Use of Hot-Cold Body

Standard

Eq. (6) can be written as

F = 4.34(ln.(eh + ye.) – in.(y – 1)) (24)

where f?h and e. are given by (7) and (8):

tzh = (th. – to)T + 6 and tlc = (t..– to)r + to.

Let u ‘f?h+ye,=t~(eh, e,, y); then

(25)

where

~~(e~, e., y)
du=-

du(efi, e,, y) ik(e~, e,, y)
de~ +

dt?h
de. + — —-- dy

de. dy

– de~ + yde. + e.dy.— (26)

Omitting negligible terms,

deh = % (&h =
dt2h

1 + ‘dths– ‘d;:+ ‘t’s– ‘* , (27)

which is the error in the hot source temperature value

involving also the error in insertion loss measurements.

de. = ~ dtl,

(

1 + rdtc, – Tdto + (t.. – to)dr
—_—

)
1 (28)

to

which is the error in the cold temperature v,alue in volv-

ing also the error in insertion loss measurements.

dy = .23(10 y110)d Y–error in the Y factor measure-

ment including effects ojf re-

peatability and receiver gain

instability.

dr = .23(10 –~f1°)dA—error in insertion loss measure-

ment.

In computing the error, data was obtained for the

paramp which gave the highest noise figure out of the

seven S-band paramp subsystems. For example,

F = 2.19 db th,= 373°K dt., == ~ 0.2°K

tzh= 368.8°K dth, = f 0.5°K dY = f 0.1 db

tl.= 90.O”K tC8 = 78°K dA = i 0.1 db.

Substituting the above values in the foregoing equa-

tions, the final error in the noise-figure measurement as

determined by (25) amounts to dF = 30.1 db.

B. Calibration of the Gas Tube with a Hot-Cold Body

Standard

The excess-noise ratio of the gas tube can be written

from (17) in decibels as

(29)

d(th, – t.,)
+

)
+~–$ . (30)

t’. — tC, T

Using the same receiver and data as in Section W-A

in addition to the measurement of y’ = 1.31, the error in

the excess-noise ratio for the particular tube is calcu-
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Iated from above as dE~g= i 0.2 db. The larger error in

the excess-noise ratio of the gas tube as compared to the

error in the noise-figure measurement is mainly due to

the requirement of two Y-factor measurements in the

calibration of gas tubes.

VII. CONCLUSION

The use of low noise, stabilized parametric amplifier

was instrumental in investigating system performance

and in the calibration of argon gas tubes under pulsed

conditions. The excess-noise ratio of the argon gas

tubes under pulsed conditions were found to be on the

average 15.7 db at 9.25 Gc, 15.8 db at 2.295 Gc, 1.S.9

db at 1.3 Gc, and 16.0 db at 0.96 Gc. The cold and hot

insertion losses were, respectively, lower and higher at

L band in comparison with those at S’ band. This ap-

pears to be consistent with the higher excess-noise ratio

obtained at L band than at S band.

The physical position of the tube in this case appeared

to have a critical effect on the coupling, consequently

affecting the excess-noise ratio of the gas tube. Varia-

tions as much as 1 db were measured when the gas tubes

were interchanged in different mounts.

Extensive tests with varying conditions gave repeat-

able results with consistent accuracy, and these results

are reiterated for summary purpose.

1) Verification of the standard cold load temperature

at 77.5° f 0.2°K when the load was cooled with liquid

nitrogen.

2) Consistency in low noise-figure measurements with

noise power at different temperatures injected into the

system. Noise figures of 1.2, 1.6, and 4.5 db were meas-

ured for L, S, and X band, respectively.

3) Agreement between the characteristic tempera-

ture of ice water and its measured value by the Y factor

method which involved the measured excess-noise ratio

of the argon gas tube. Agreement was also obtained

between the physical temperature measurement and

measurement by Y factor method for the mixture of

acetone and dry ice.

APFmNI)XX

.Misrnatclzes: The following analysis applies only in prox-

imity of the center of a relatively narrow band-pass

region of a linear receiver with no spurious responses.

Assumption made is that various reflection coefficients

involved in the system are essentially constant over the

concerned bandwidth. Essentially, the problem amounts

to deriving parameters ~, c, and a for a mismatched sys-

tem by treating each noise-contributing source within

the system independently. Noise-power contributions

at the receiver input can arise essentially from the fol-

lowing sources in the system; namely, main line hot or

cold source, gas tube, network loss, paramp circulator

termination, and the amplified leakage signal emanating

from the paramp towards the antenna. Of the latter two

noise contributions, it is the reflected signal entering the

paramp which is of direct concern. However, such noise

contributions can be neglected if the mismatch looking

from the paramp to the antenna is low and the net iso-

lation of the circulator over the paramp gain is large.

The following approximation of the first-order effects

verifies the negligible amount of temperature reflected.

.tfi~~l = (tin~cir.+ t.)G.1.~.rcir. (31)

where tfi..l is the final temperature at the paramp input

due to the reflection of the signal traveling from the

paramp towards the antenna. The signal from the circu-

lator termination is included.

t,.= original total signal at paramp input before

amplification (1 OO”K).

~Oir. = transmission coefficient of the circulator (0.9.5).

t.=paramp effective temperature (200”K).

G= paramp gain 20 db.

l=circulator isolation 36 db.

r=o.091 (VSWR =1,2).

tfi~81= [(1 OO)(O.95)+2OO] ‘100) (~o~(0”95) =0.6°K.

The various “effective” system coefficients are related

to the scattering coefficients for the mismatched system

through the following equations. The system depicted

by Fig. 2 or 3 is applicable also for the mismatch case.

Transmission coefficient (including dissipation and re-

flection) is given by

T2(1 – rtr,) + TITJ’, 2
~=

(1 – rlr,)(l – r,r.) – T1’r,r, “
(32)

Coupling coefficient (including reflection) :

TITzr, + T,(I – I’ll’J ‘
c=

(1 – rlr.)(l – r,ro) – T1’r.r. “
(33)

Reflection coefficient (including dissipation) at receiver

input as viewed from the receiver towards antenna:

.sIz’r.(l – Ar,) – S,,Al + S3,’rO(l – Br,) z
~=

Al(l – r2irL)
. (34)

Absorption coefficient:

The primed coefficients of (35) exclude dissipative ef-

fects and are defined below. I’,, r,, and rL are reflection

coefficients of a complex source, gas tube, and load,

respectively.
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,-, _ T2’(1 – r3’r,) + Ts’c”rg 2
,—

(1 – riro)

c
f! 2

,;/ =

(1 – r;r,)

rz’ + ra(d’)i Z
;rf =

I – riro

S12S23rL

r, = S13 +
1 – S22rL

S21S22rL

Tz + S21 z
1 – S2ZrL

S2.3s22~L
T3 = S23 + ‘—

1 – k$22rL

S11S121’S
T2’ = S,2 +

I – sllr~

s11s13r~
T; = s,, +

1 – Sllrs

s122rL,

1:1 = Sll + ——

1 – S22rL

S232rL

r, = S33 +
1 – s2,zrL

sl,zrs
rz’ z szz +

I – sllrs

s13ws
r; = s33 +

1 – sl,rs

s1a13rs
-“ = S32+1,

1 – sllrs

S12 S13

S32 s33
A=

S12

S1l S12

s31 s32
B=

s32

(1 – sllrs) s13rs
Al =

s31ra (1 – s33rg)

let al.:

(I – sl,rs) –slms –s13rS

S21 S22 s23

–s31rg –s32rg 1 – s33rg
lr2; =

AI
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(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)

(51)

(52)

The above equations simplify considerably when high

directivity couplers with large coupling factor are used.

Note that when rs, rL, 17,, r’= O, matched conditions

are realized or

.j- z # = S212, ~=clf=
s232,

and

a=l —r— C,

since

q=y!=o.

Calculations for the mismatch case requires phase

information and without such information only the

limits of the worst possible errors can be obtainedi by

appropriate choice of signs for the various reflection

coefficients. For the following sample calculation the

variables were assigned with arbitrary phase.

S,, = 0.0385

S33 = 0.0476

S3,2 = 0.0085 (20.7 db)

S,,’ = 0.9462 (0.24 db)

rL = 0.0909 (VSWR = 1.2)

1’, = 0.0385 (VSWR = 1.08)

S22 = 0.06.54

1’, = 0.2 (VSWR = 1.5)

SSI = 0.005 (coupling plus directivity = 46 db).

By substitution of the above values in (31)–(52), the

following values are obtained:

r = 0.9669, c = 0.0086, a = 0.0318, and T = 0.001.

With reference to Fig. 2, the gas tube was unfired and

the switch was operated for hot and cold load positions.

The Y factor measured was 3,56 db.

tzh = tk,r + l,~c + Lna + fcir.~ = 372.9(’K

tl== t.,r+ t.gc+ tna + tcir.~ = 87.7(’K

where t~,8=3730K, t., = 78°K, t,,=tcir.=297°K, and

y=2.27

t2h — Ytl,
& . —— = 148.7°K

y–1

which corresponds to a noise figure of F= 1.8 db.

Substitution of the above data for an assumed

matched system gives the following noise fig ure:

F=l.6 db.
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Frequency~Selective Limiting*

K. L. KOTZEBUE ~, MEMBER, B

Summary—In the usual microwave limiter, the presence of one
more large signals above a certain threshold level produces a

limiting acti~n wfich can be explained as a change in inse~tion loss of

the limiter so as to maintain a constant output power, regardless

of the number of independent signals present. Experimental results

of coincidence mode passive ferrite limiters in S band and C band
are presented which show that they do not behave in this manner,

but rather to a good approximation limit on a frequency-by-frequency
or frequency-selective basis. A qualitative explanation of this phe-
nomenon is presented, using the passive parametric limiter as a model.

INTRODUCTION

T

HERE ARE MANY occasions where the per-

formance of an electronic system can be improved

by the utilization of passive low-power micro-

wave limiters. Protection from burn-out in a sensitive

receiver is one application which is well known. A

limiter can also find use as a power-leveling device. For

example, amplitude variations from a microwave oscil-

lator could be suppressed by utilizing such a limiter at

the oscillator output. If the limiter is free of phase dis-

* Received June 4, 1962.
t Watkins-Johnson Company, Palo Alto, Calif.

tortion, it would be useful in preventing AM-to-PM

conversion in systems employing frequency modula-

tion.

An idealized limiter can be characterized as a linear

device below a certain threshold value, and a constant

output device above this threshold. Illustrated in Fig. 1

is such an idealized characteristic of a power limiter.

Below threshold this device has constant loss; above

threshold it has constant output power and hence an

attenuation which increases in direct proportion to the

input power level.

One type of microwave limiter which has proved to

be practical for low-power limiting makes use of non-

linear effects in ferromagnetic material. A typical

limiter of this class utilizes the so-called coincidence

mode of limiting which Suhll has shown to result in ex-

ceedingly low threshold levels. It is the purpose of this

paper to report on some recent investigations which

have been made on the limiting characteristics of such

coincidence mode limiters in the presence of multiple

signals within the pass band of the device.

I H. Suhl, “The nonlinear behavior of ferrite. at high microwave
signal levels, ” PROC. IRE, vol. 44, pp. 1270–1284; October, 1959.


