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1. INTRODUCTION

‘ N GENERAL the o
l tem contains components cont
the termination at the input o
tem but also by the receiving system itself. Further-
the output signal-to-noise ratio! of the system
n the output noise but also on
the nature of the signal that is impressed upon the input
of the receiver. Hence, any meaningful evaluation of the
noise performance of a receiver when used in a particu-
Jar system must include considerations of the sources
that contribute to the output noise, the bandwidth and
gain of the receiving system in all of its responses, the
nature of the signal and the efficacy of the output
utilization circuit. If 2s evident that no single number tan
describe completely how well a given receiver will perform
in all kinds of systems.
What, then, are the pertinent attributes of a receiver,
and how are they measured and quoted? From the
he designer of the receiver, the attributes
ble. From the viewpoint of the
the numbers quoted by the

e such that the output signal-
nditions can be

utput noise of a receiving sys-
ributed not only by
f the receiving sys-

more,
will depend not only o

viewpoint of t
must be readily measura
designer of the system,
receiver designer must b
to-noise-ratio (SNR) under operating co
calculated.

It is the responsibility of the designer
match his signal to the bandwidth of
to know what penalty is paid when he doesn’t. In gen-

of the system to

the signal-to-noise power ratio as a measure of quality

t response. This is reasonable in am
having a single output response,
component entering

1 We use
of the outpu
that we define as
which any frequency
the input frequencies produces a response
ing output frequency. An example of a case we
is the double-sideband degenerate parametric amplifier.

the receiver and

plifiers or systems
namely systems in
the system at any one of
at one single correspond-
do not intend to cover
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no hardship, since appropriate
tend to optimize the output
duced into the system. It is
also the responsibility of the system designer to employ
the best possible utilization circuit at the output of the
receiver. The nature of the utilization circuit will depend
upon the nature of the signal, whether it is AM, FM,
single sideband, double sideband, sky noise, etc.

Let us assume that the system designer has consid-
ered carefully these important problems, that he has
matched the noise bandwidth to his signal bandwidth
and is using the most efficient detection for his signal.
What else must he know about a given receiver to pre-
dict its noise performance? He .must know the gain-
frequency characteristics of the receiver. Does it have
only one response or multiple responses? He must know
how much of the output noise is attributable to the re-
ceiver itself. Thus the pertinent attributes that should
be measured and quoted by the designer of the receiver

are:

eral matching presents
matching filters, which
SNR, can always be intro

1) The gain at each of the responses,
2) The bandwidth,
3) The effective input noise temperature.’

oise temperature of the rece1v1f1g
input termination 1o
erature to compute

The effective input n
system can be used with an
temperature such as antenna temp
an operating noise temperature,® Top, which is a system
characteristic and is a function of the signal and the e
vironment, etc. The operating noise temperature 18
simple number for the designer of the system to usé

2 IRE standard definitions of these italicized terms may be

in the preceding Standard.




evaluating his system noise performance, since kTop
is the power per unit signal output bandwidth required
of an input signal to make the output SNR unity.

The terms operating noise temperature and effective
input noise temperature have been defined but the con-
cepts require further discussion. The relationship be-
tween operating noise temperature, noise temperature®
of the input termination, effective input noise tempera-
ture and noise factor® will be brought out during the dis-
cussion.

The discussion here will deal with systems having
single as well as multiple input responses, but only a
single output response. A system with multiple input
responses and a single output response is one in which
several different input frequencies in the different input
bands produce an output at one single output frequency
in the output band.*

I1I. OPERATING NOISE TEMPERATURE

The noise performance of a particular system may be
evaluated in terms of its output SNR under operating
-conditions. Now the output signal power per unit band-
width S, can always be expressed as a signal power per
_unit output bandwidth, S;, available at the input ter-
_minals multiplied by the signal gain G,. The signal gain
s defined (see definition of operating noise temperature)
s the ratio of

1) the signal power delivered at the specified output
frequency into the output circuit (under operating
‘conditions) to

2) the signal power available at the corresponding
input frequency or frequencies to the system
(under operating conditions) at its accessible input
terminations.

ted in another way, S; may be thought of as the out-
signal power per unit bandwidth referred to the
ut. In a similar manner, the output noise power per
output signal bandwidth, N,, can be referred to the
ut by dividing by G and can then be related to the
ting noise temperature,’ Top, as follows:

v,
Gs

=kTop

RE standard definitions of these italicized terms may be found

RE Standards on Electron Tubes: Definitions of Terms, 1957,
7.82;” Proc. IRE, vol. 45, pp. 983-1010; July, 1957. For

ence, these standard definitions are included as the Appendix

paper.

parametric amplifier is an example where inputs at the so-

ignal and idler frequency produce an output at the signal fre-

1e use of temperature to express noise powers is particularly
ient when the noise powers are small and when the frequencies
he normal frequency region, say up to 10® kMc. At these fre-
the available output noise power per unit bandwidth from
may be expressed as P,=FkT, where k is Boltzmann’s con-
d T'is the absolute temperature of the resistor. The use of
ure as a measure of receiving system noise does not infer that
s of noise are necessarily thermal; only that the output
r can be accounted-for by a noiseless receiver with an
Mmination at a specified temperature.

Hence, the output SNR is
So So/Gs S;
N, NG, kTe

From this, it is clear that two receiving systems will
exhibit the same output SNR if they have the same
S:/Top ratio; also, that two receiving systems having
the same available input signal power per unit output
bandwidth must have the same operating noise tem-
perature to produce the same SNR at the output.

.

I111. DERIVATION OF GENERAL EQUATION FOR
Output NoIsE POwWER

We shall now derive the general expression for the
noise power per unit bandwidth flowing into the output
termination of a linear multiport transducer (see Fig.
1). This output noise power, at a specified output fre-
quency, arises from two sources:

1) The contributions to the output noise power due
to noise power available from the impedance ter-
minations that are connected to all accessible ports
except the output port under operating conditions.
These contributions can be described by assigning
appropriate noise temperatures to the input ter-
minations at all of the various responses.

2) All other contributions to the output noise power.
These include noise generated within the receiver
components as well as noise resulting from any
frequency conversions internal to the receiving
system. Noise generated in the load and reflected
at the receiver output may also contribute to this
output noise power.

If we denote the portion of the output noise power
per unit bandwidth described under 1) by N, and that
described under 2) by Ny, we can write the total output

noise power per unit bandwidth N, as
N, = N, + Ny (2)

ACCESSIBLE PORTS OTHER
THAN OUTPUT PORT

Ey
Ep
MULTI - PORT OUTPUT PORT
E
Z, TRANSDUCER L
. Zy
* LOAD
En .
Zy

Fig. 1—Equivalent circuit of multiport transducer. The E;'s are the

open-circuit signal and/or noise voltages of the input termina-
tions. Ey, is the open-circuit noise voltage of the load.
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If T;, is the noise temperature at the nth response,

and there is no correlation between the noises at differ-
ent responses, then ' perature Top which, from (1), is given by 3\
Nu=k(TaGuotTaG+ -+ - +Taln) (3) _ X L
Top = e * (6) 3

where G, is the transducer gain of the nth response and
is the ratio of 1) the output power delivered to the
utilization circuit at the specified output frequency to
2) the corresponding input power available at the nth
input response.

In a similar manner, we can ex
able to the receiver in terms of the effective in
which by definition is common to all

press the noise attribut-
put noise

temperature, T,
responses. 1hus

Ny = kT(G1+ G2+

ceo 4+ G+ N (4)
Here, Npis a term that takes into account the contribu-
tion of the noise generated in the load and reflected at
the output of the receiver, since the effective input
noise temperature definition does not include such a
contribution. In order to evaluate N one must know
the impedance and the equivalent noise temperature of
the load, and the output impedance of the receiver. In
most cases, Nz will be negligible compared to the other
terms in this expression. The contribution Ny may be
of importance in systems with insufficient gain, or in
systems with an output impedance with a negative real
part. In such cases, N, of (2) is to be interpreted as the
net noise power passing the cross section of the output
port.®
A few words of explanation may be in order for the
reason why T excludes the load noise contribution and
Top includes it. In excluding the load noise from the
definition of T, the effective input noise temperature of
a single response two-port is brought into direct cor-
respondence with its noise figure F according to the
formula 7.=290 (F—1). The noise figure cascading
formula: of single response two-ports may thus be
adapted to T. The cascading formula facilitates the
evaluation of T, of an amplifier chain. The operating
»p is intended to be a measure of the
noise of a receiving system. The inclusion in Top of the
contribution -of the load-noise gives a more realistic
measure of system noise performance in those cases in
which the load noise is appreciable.
Henceforth, we shall disregard N,
cases of interest it is negligible.
The total output noise power per uni
then

N, = k[Gl(Tu + Te) + Gz(TiZ + Te) + et
+ Gu(Tan+ TI].

noise temperature T,

because in most

t bandwidth is

s If complex Fourier transforms v of the voltage and ¢ of the cur-
rent can be defined, the net output power is

! Re [“otia
2 ef VAW,

@1
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We can now characterize th
receiving system in term

T.p, may be seen to be a num
the noise performance
operating conditions. Frot
compute the required input signa

sired SNR at the output.
We must now show that the quantities in (6) can be

readily measured and then apply these equations to
various practical systems.

noise temper
been used, and these
unit bandwidth at a specified
practice, however, finite bandwidths

the average noise power per ul
fied output band is a more meaningful quantity. The

latter term can be referred to the input
temperature in

power per unit bandwidth
quency. The equivalent temperature is then defined as

the average effective input noise

covered in most st
ber that both are in terms of power,
the multiple-response receiver,
must be referred to.

how the temperature, T, whic
performance of the receiver, can be determined by meas-

urement. Sinc
noise measurements (noise diodes, g

input terminations are equal, such that

March

e noise performance of the
s of the operating noise tem-

ber which characterizes
of a receiving system under
1 a knowledge of Ty, One may
1 power to give a de-

1V. MEASUREMENT OF PARAMETERS

In the discussion so far, the terms effective input
ature and operating noise temperature have
are defined for noise power per
output frequency. In
are employed, and
1it bandwidth in a speci-

and related to a

a similar manner as was done for noise
at a specified output fre-

temperature T2.

The measurement of both bandwidth and gain are
andard references. One must remem-
not voltage. For

the input bandwidth

It is of fundamental importance to establish clearly
h characterizes the noise

e most modern noise generators used in
as discharge lamps,
hot and cold loads) generate broad-band noise with con-
stant amplitude across the band the direct measurement
method is one in which noise is injected equally into all
responses. In other words, the measurement conditions
are usually such that the noise temperatures of all the

T,=Ta=Ta "= Tin. N

a broad-band noise generator is con-

Hence, if such
s of the receiver, the expres-

nected to the input terminal
sion for the total noise power is

Ny, = k(Ti + Te)(BlGOI + BzGoz + - + BnGOﬂ) (8) :

Gon is the transducer

where B, is the noise bandwidth and
of the nth response

gain at the reference frequency fon

quantities see “IRE Standagl'dI 9

Linear Two Ports, 1959, §
1960.

7 For a discussion of these
Methods of Measuring Noise in
20 S1,” Proc. IRE, vol. 48, pp. 61-68; January,
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For a limiting bandwidth By common to all responses;
(8) becomes

Nro = EBy(T; + To)(Gor + Goa + + + + + Gon). (9)

To measure 1., the output noise powers for two dif-
ferent temperatures of the input terminations T (hot)
and T (cold) are observed. One defines a quantity ¥ by

N, (hot)

= (10)
Nz, (cold)
From (9) one finds
Ti hot +T6
T;(cold) + T,
Solving for T, one has
— Tz hot) — YTZ cold
7. _ utbod (cold) )

y—1

and, hence, one can compute the average effective input
‘noise temperature of the receiver from the calculated
value of ¥ and the known values of the two different
nput termination noise temperatures.

1t is clear that if the noise generator terminates all
eceiver input responses and if the gain at each of the
esponses remains the same between the two measure-
ents of Ny, (hot) and N, (cold), T, may be computed
ctly from the two measurements without concern for
_response characteristic of the receiver. It should
‘be pointed out that T’ (hot) and T (cold) may be
ual (physical) temperatures if hot and cold bodies
used for the measurement, or may be the noise tem-
atures of gas discharge lamps or noise diodes. (The
temperature is the temperature of a passive system
ng an available noise power per unit bandwidth
l to that of the actual generator employed.) The
e input noise temperature, T, which is defined at
ecific output frequency, can be determined by
ing a filter between the receiver output and the
~measuring device. The bandwidth of the filter
be sufficiently narrow so that the receiver char-
ics, such as gain, noise, are constant over the
f T, of the receiver depends on the impedance
noise temperature of the output termination at
jCies other than the specified output frequency,
t be taken that the insertion of the filter does
ge T,.. When the spot frequency is near the
- the passband of the receiver, the temperature
ied may not differ greatly from the average.

LCULATION OF T, FOR SPECIFIC SYSTEMS

ession for the operating noise temperature
en in (6). Again, in practice, the noise per-
f a receiving system will be characterized by
g¢ operating noise temperature,t Top, which. for
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the simple case of a square response with uniform gain
G, can be written as

N To
"~ EB,G,

(13)

op

where B, is the output signal bandwidth.® If By is
common to all responses, the total output noise power
is given in general by

Nro = kEBy[G(Tia+ To) + Go(Tio+To) + - - -
+ G'IL(Tz‘n + TE)] (14)

where T, is the averaged noise temperature and G, is
the transducer gain for the sth input response.

A. Single Response Receiver®

A simple case to consider is that in which the receiver
has only a single response. In this case, all G’s in (14)
except the first are zero, and Gi=G,. Then

NTo = kBNGs(Til + Te) . (15)

and so

By _ _
Top = B—N (Ta+ T.). (16)

o

The bandwidth ratio, By/B,, is equal to or greater
than unity. The lowest operating noise temperature
occurs when the noise bandwidth, By, matches the sig-
nal bandwidth, B,. It is convenient to assume that the
system designer will take care of this in his system de-
sign and so (15) becomes

Top = Til -+ Te-
B. Multiple Response Receivers; Signal Input at One
Response Only :

For the case where the input signal occupies only re-
sponse number 1, G,=G, and, from (13) and (14), the
expression for the average operating noise temperature
becomes

G
Top = (Ti1 + Te)+b—2—(Tﬂ+ T.)
1
Gs _ _ Gn _. _
+—Tu+T)+ - +—Ta+Ty) Q7)
Gr G,

where it has been assumed that the noise bandwidth is
matched to the signal bandwidth. )

8 B, is the bandwidth of the signal delivered to the output utiliza-
tion circuit. (In the case of several coherent output signal responses
—appearing in different frequency bands—B, denotes the band-
width of the signal in any one response. In the case of a superhetero-
dyne receiving system, B, denotes the signal bandwidth appearing in
the intermediate frequency amplifier.)

9 By single response receiver is meant any receiver in which only
one frequency at the accessible input terminals corresponds to a
single output frequency, regardless of the complexity of the gain-
frequency characteristics.
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For the special case in which, under operating condi-
a

tions, the noise temperatures of the input terminations
at-all input responses are equal, (17) reduces to
n

o)

+— (18)

1

— = G,
Top= (Tz+ Te) 1+"—+ et

G
C. Multiple Response Receivers, Signal Input at More

Than One Response

If we now wish to evaluate Top for the case in which
the received input signal is distributed over more than
one input response, we note that only G, can be affected

in the equation

i

— ]VTO
Top = ——— *
EB,G;

Ny, is, of course, unaffected in a linear system and we
assume that B,, the signal output bandwidth, remains

unaffected also.
When the portions of the input signal that are re-

ceived by the various responses are totally uncorrelated,

with their powers denoted by Si, Se, - - - Sin,
Sy = SGy = SaGi+ SuGa+ - - -+ SuGn (19)
or
SaGi1+ SuGe+ -+ -+ SiGn  So
ST Sat Sat 4SSt

We again obtain T.p from (13) and (14) by substituting
G;:

distributed over the various responses.
B,) constant, the output sign

nal power is fixed by the transmitter’s capability. If

we choose to spre

quency
of our receiving systent

sponse simply drop
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al, G, and thereby Top [22)]
orrelated input signal is
With Top (and

al-to-noise power ratio

1l response gains are equ
re independent of how the unc

S;
ETopB,

So

N,

s seen to depend only on the total input signal power.
In receiving man-made signals, this total input sig-

(23)

ad it incoherently over several fre-
bands—corresponding to the several responses
—the power input to each re-
s and nothing is gained.

However, if no limitation of transmitter power
exists (as, for instance, in the broad-band radiometry
case) the total input signal to our receiving system is
proportional to the number of its input responses. This
results in a corresponding improvement of S,/N, over
some other receiving system having the same T.p but
only one input response. For instance, assuming equal
gain and equal signal densities in

all input responses,
S,/ N, of an n input response receiving system is equal
to that obtained with a single response system having
an operating noise temperature equal to 1/z times that
of the # response system.

Let us now briefly consider the case in which the por-
tions of the input signal that are received by the various
responses are partially or totally correlated. For this
case, the gain G, will be a more complex function of the

e

.T _ NTa_ _ BN [Gl(Til + Te) + G?(Ti‘z + Te) + Tt + Gn(Tin + Tc)] . (?0)
" kB,G, B[&&+&@+'~+&ﬁ1 )
L Sa+Set -+ Sa
For the éimple case where Sq=Su= -+ =S, We
obtain Gs=(G1+Ge+ - - - Ga)/m, and with By =2DB,,
_ Gl(Til + _Tc) + GZ(Tz2 + Tc) + te + Gn(T'isn +__Ti) . (21)

op
7
le case in which the gains are

.« =G,, and the S/s
e G,=G; and

For the equally simp
equal, at all responses Gi=G.= -
are arbitrary but uncorrelated, we hav

Top = (Tzl -+ Te) + (Tm + Te) 4

+ (Tm + Te)- (22)

T,, of course, is obtained as before from (12).

From the above discussion it can be seen that when
the received input signal is distributed over several
responses incoherently, G, is never larger than it would
be if the received signal were entirely in the response
exhibiting the largest gain. Hence, for the case in which

1
— (G Got -G

e

various response gains G, G, - * * G., and depend also
on the degree of correlation as well as the combining
process at the output of the receiving system. However,
with all contributing factors specified, one can always
determine Gs and T,p from their basic definitions.

D. Relation Between Various Noise Temperatures and

Noise Factor

In this paper, the concepts Top, Top .
been discussed. These terms have simple relationships
to F and F, the noise figure (factor) and average ﬂOl_s_e
figure (factor).® In this section these relationships will

be discussed.
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For the case of a single response recever,
T, = (F — 1)290,

T, = (F — 1)290. (24)

The expression for F for measurement purposes can be

found from (12) and (24):

290
V-1
If the “cold” temperature is a 290°K load, we may

“write (25) as
[ ]

For single response receivers, then, concepts of aver-
age effective input noise temperature, T,, and average
noise factor, F, are equally acceptable provided the
~ IRE definitions are adhered to. For low noise receivers
T, is probably the more convenient.

If the contribution of the load-noise can be neglected,
the operating noise temperature and the average operat-
ing noise temperature for the single response receiver

can be written as

T(cold)

290

(25)

290
Yy -1

(26)

Top = Tz + Ts

Top =T:+ T (27)
Top = Ti+ (F — 1)290
T, = T; + (F — 1)290. (28)

a multiple response receiver, the noise factor can be
5ly and directly related to operating noise tempera-
only for the special case when the generator is
- and the signal is in one response only. For this

Top = 290F.

: oregoing indicates that one very important
teristic of a receiving system is the signal-to-noise
/N,, at the output of the system. The system
can evaluate S,/ N, from the knowledge of the
perating noise temperature T.p, the output
ndwidth B,, the total input signal power Si,
nal -gain G..

ponent designer must supply data of suffi-
ality so that the values of these quantities
uted. For this purpose he must supply in-
the average effective input noise tempera-
b he can measure by (12). He must specify
various responses and their signal and
hs. The system designer can use these
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values to calculate his particular system’s average
operating noise temperature, Top, by inserting them
together with his signal output bandwidth, B,, and his
particular input termination noise temperatures, 13s,
into the general equations (13) and (14), or any appro-
priate simpler form. (For instance: (16) for the single
response receiver; (18) for the multiple input response
receiver with signal in only one response; (22) for multi-
ple input responses with equal gains and uncorrelated
input signals which are arbitrarily distributed, etc.)
From this value of Top, the output SNR may be calcu-
lated from (23).

APPENDIX!?

IRE DgFINITION OF NOISE FIGURE
(Taken from 57 IRE 7.S2, July Proc. IRE)
Noise Factor (Noise Figure) (of a Two-Port Trans-
ducer). At a specified input frequency the ratio of 1)
the total noise power per unit bandwidth at a corre-
sponding output frequency available at the output
Port when the Noise Temperature of its input termina-
tion is standard (290° K) at all frequencies (Reference:
Definition for Average Noise Factor) to 2) that portion

of 1) engendered at the input frequency by the input
termination at the Standard Noise Temperature 290° K).

Note 1: For heterodyne systems there will be, in
principle, more than one output frequency
corresponding to a single input frequency,
and vice versa; for each pair of corresponding
frequencies a Noise Factor is defined. 2) in-
cludes only that noise from the input ter-

mination which appears in the output via the

principal-frequency transformation of the
system, 4.e., via the signal-frequency trans-
formation(s), and does not include spurious
contributions such as those from an unused

image-frequency or an unused idler-fre-

quency transformation.

Note 2: The phrase “available at the output Port”
may be replaced by “delivered by system
into an output termination.”

- Note 3: To characterize a system by a Noise Factor is

meaningful only when the admittance (or
impedance) of the input termination is speci-

fied.

Noise Factor (Noise Figure), Average (of a Two-Port
Transducer). The ratio of 1) the total noise power de-
livered by the transducer into its output termination
when the Noise Temperature of its input termination is
standard (290° K) at all frequencies, to 2) that portion
of 1) engendered by the input termination.

1 For clarity, the underlined words have been added to the IRE
Standard Definitions.




442

Note 1: For heterodyne systems, 2) includes only
that noise from the input termination which
appears in the output via the principal-fre-
quency transformation of the system, i.e.,

via the signal-frequency transformation(s),

and does not include spurious contributions
such as those from an unused image-ire-

quency or an unused idler-frequency trans-

formation.

A quantitative relation between the Average
Noise Factor F and the Spot Noise Factor
F(f) is

4

Note 2:

[ Fpewar

F= w
‘ f G

where f is the input frequency, and G(f) is
the transducer gain, 7.e., the ratio of 1) the

signal power delivered by the transducer into
its output termination, to 2) the correspond-
ing signal power available from the input
termination at the input frequency. For
heterodyne systems, 1) comprises only power
appearing in the output via the principal-
frequency transformation <.e., via the signal-
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frequency transformation(s) of the system;

for example, power via unused image-fre-

quency or unused idler-frequency trans-

formation is excluded.
Noie 3: To characterize a system by an Average Noise
Factor is meaningful only when the admit-

tance (or impedance) of the input termina-

tion is specified.

Noise Factor (Woise Figure), Spot. See:
Noise Factor (Noise Figure) (of a Two-Port Trans-
ducer).
Note: This term is used where it is desired to empha-
size that the Noise Factor is a point function
of input frequency.

Noise Temperature (at a Port). The temperature of a
passive svstem having an available noise power per unit
bandwidth equal to that of the actual Port, at a speci-
fied frequency.

Note: See Thermal Noise.

Noise Temperature, Standard. The standard reference
temperature T, for noise measurements is 290° K.

Note: kT,/e=0.0250 volt, where ¢ is the magnitude
of the electronic charge and k is Boltzmann's
constant. '

The In-Line Cryotron®

A. E. BRENNEMANN {, MEMBER, IRE

Summary—This paper describes a new type of planar thin-film
cryotron namely, an in-line cryotron, and compares its advantages
to the crossed-film cryotron. This cryotron has its gate and control
elements superimposed and parallel, or in-line, whereas the crossed-
film device has its gate and control elements crossed at right angles.

The gain curve for:the in-line cryotron has a region where incre-
mental gains of one to ten may be obtained without a change in the
gate-to-control width ratio Wg/Wc whereas large gains are not pos-
sible for the crossed-film cryotron without altering the width ratio.
Larger gate resistances are possible within the in-line cryotron and
calculations are given to show it is feasible to properly terminate
low impedance strip transmission lines with characteristic imped-

* Received October 8, 1962; revised manuscript received Decem-
ber 19, 1962. The results reported in this paper were obtained in the
-course of research jointly sponsored by the U. S. Navy, Bureau of
Ships and IBM.,

t Thomas J. Watson Research Center, International Business
Machines Corporation, Yorktown Heights, N. Y. -

ances in the range of 0.1 to 1.0 ohms. It is necessary to properly
terminate the strip transmission lines commonly used in supercon-
ducting circuit fabrication in order to achieve the maximum circuit
switching speeds.

Other advantages and the disadvantages of the in-line crytron
are also discussed.

INTRODUCTION

HE purpose of this paper is to describe a new type

of evaporated, thin-film superconductive switch-

ing component called the “in-line cryotron.” It
differs in structure from the crossed-film planar cryo-
tron previously discussed in the literature, primarily 11t
the sense that its soft superconductive gate film and-
hard superconductive control film are parallel, super
imposed, and of equal width rather than at right angle
to one another.




