
f U u u 1 ') 

Talk given at the International Conference 
on Submillimeter Waves and their 
Applications, Atlanta, GA, June 5-7, 1974 

. I 

JOSEPHSON JUNCTION BOLOMETER 

John Clarke, G. I. Hoffer, and P. L. Richards 

January, 1974 

LBL-2544 
cl 

L:"'·:· ·",~':' /;'>10 
c::•r ,_; tvlEI\i -:s SECTION 

Prepared for the U. S. Atomic Energy Commission 
under Contract W-7405-ENG-48 

Not to be taken from this room 
.! ., 

-

' -



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or· 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



'1 

') 

0 0 :r -fi ,.-<~. 

v "i 0 r~ 8 '·' ·V· 8 0 
Talk given at the International Conference 
on Submillimeter Waves and their Applications 
Atlanta, June S-7, 1974 

UNIVERSITY OF CALIFORNIA 

Lawrence Berkeley Laboratory 
Berkeley, California 

AEC Contract No. W-7405-eng-48 

JOSEPHSON JUNCTION BOLOMETER 

LBL-2544 

John Clarke, G. I. Hoffer, and P. L. Richards 

January 1974 



\ . 
·' 

,_ . 0 u u 'J -:i u ") 0 f,· 
,..,. 

~J 8 l 
• JOSEPHSON JUNCTION BOLOMI::Tf:R 

LBL-2544 
John Clarke, C. I. Hoffer, and P. L. Richards 

Department of Physics, University of California 
and 

Inorganic Materials Research Division, 
Lawrence Berkeley l.aboratory, 

Berkeley, California 94720 
... BSTRACT 

A bolometer for use in the S"Ubmillimeter and far infra­
red is described. The temperature sensitive clement is 
an SNS Josephso? junction. The electric~! NEP is 
5 x 10-1:, W/Hz1 2 and the detectivity, 0 , is 1014 em 
Hzl/2 R-1, 

*This work sponsored by the U.S, Atomic Energy 
Collllllission. 

We have developed a new type of superconducting 
bolometer in which a superconductor-normal metal­
superconductor (SNS) Josephson junction is used as the 
temperature sensitive Ilement. The critical current, 
Ic• of an SNS junction varies with temperature accord­
ing to the equation 

(1) 

where T is the temperature and T
0 
~ 0.01 to O.l°K. 

(This equation is valid for a junction with the normal 
metal in the dirty limit, as is the case for our junc­
tions.) The rate at which the critical current changes 
with temperature is 

ar rc --.£.-----aT 2m: 
When the junction is biased at a finite voltage by a 
current just greater than Ic, the voltage is also a 
function of temperature and varies at a rate 

3V 3V arc arc 
ar • 31 · ar .. -Rd ar 

c 

(2) 

(3) 

id is the dynamic resistance of the junction at the 
bias point, typically about 10-S n. If we assume that 
the dominant source of noise in the bolometer system is 
Johnson noise in the SNS junction, then the minimum 
detectable temperature change is found from Eq. (3) to 
be 

2..-T'T 
~T • ------

0 
(4kTRdB)
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, (4) Ric 

where B is the measurement bandwidth. The thermal time 
constant of the bolometer is 

c· 
T - G • (5) 

where C is the heat capacity of the bolometer. and C is 
ther thermal conductance linking the bolometer to its 
surroundings. If the bolometer is operated at a fre­
quency much less than 1/T, then the electrical noise 
equivalent power is. 

NEP • GoT. (6) 

(The thermal feedback effect due to changes in Joule 
heating in the bolometer element, which can affect the 
apparent value of G, is negligible in the SNS bolom­
eter.) 

Tho bolometer configuration is shown in Fig. 1. A 
Pb/CuAl/Pb junction is evaporated on to a 4xa~O.l25 mm 
•apphtre substrate. In addition to the junction, the 
substance has on it a CuAl film which lr~ usr.d ns a 
heater. Tht! substrate is support1•.d hy nvlon threads, 
approximately 15 ~ in diameter, which llrl! glued to the 
substrate with General t·:lcctric 7031 v:,rni!ih, The 
thread11 are connectt1d to a brns11 ring, the rtcgmcnts cr 

vhic:h are electrically isolated. rb is then ev11poroted 
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on to the threads, providing electrical contact to the 
junction and heater. This assembly is mounted in the 
vacuum can of a liquid helium cryostat, and the volt­
age across the junction is measured by means of an rf 
SQUID with a voltage resolution of about 10-lS V/IHZ. 

The bolometer was evaluated as follows. The I-V 
characteristic was measured in order to determine Rd. 
The temperature dependence of Ic was determined, and 
from this a value for T0 was obtained, Then a current 
was passed through the heater and the resulting tem­
perature rise determined from the observed change in 
Ic• In this manner the thermal conductance, G, was 
measured. Also, the output voltage resulting from a 
given heater power input was noted, and this, combined 
with the observed level of the noise voltage, gave the 
NEP. (The. temperature of the liquid helium bath 
drifted slowly so that it was necessary to chop the 
heater current at a low frequency in order to take the 

·measurements.) Finally, T was determined by switching 
off the heater current and observing the exponential 
decay of the voltage signal. 

The best NEP was obtained at l,7°K. The various 
bolometer parameters were as follows: 

Ic • 10 mA 

~ - to-so. 
To • O.o6•K 
G • 10-8 wrK 
T • 3 sec 

NEP • 5 x lo-15 W/~. 

If Eqs. (4) and (6) are used to calculate the NEP.• the 
result is 

(NEP) l • 2 x 10-l5 W/~. 
ca e. 

The fact that the observed noise was somewhst above· 
the expected Johnson noi~e suggests that there may·be 
an additional shot noise contribution. 

The large value of T and the excess heat capacity 
that it implies are attributed to the GE varnish. We 
have developed an alternative method for attaching the 
threads to the substrate. A thin film of In is depos­
ited on the threads and the· substrate. These are then 
placed in contact and pressed together to cold weld 
the In films. We expect that this technique will 
bring T down to 0.1 sec. 

The area of our bolometer is much larger than 
that of the germanium bolometers with lowest. NEP. Tho 
figure of mer~t used to compare bolometers of differ­
ent area is 2 • 1014 em w-1 H~l/2 while for germanium 
bolometers 0 is about a factor of 30 smaller. 

A radiation absorbing layer will be required on 
the bolometer, and for this.purpose we plan to use a 
thin conducting film. Preliminary measurements in the 
frequency range l to 50 cm-1 indicate that thin 
(~ 250 A) Bi filJM on sapphi rc have an absorption close 
to the theoretical value of n/(n + 1) ~ 3/4, where n 
is the index of refraction of sapphire. 

If the bolometer is filled at f/1 with radiation 
from~ blackbody in the Rayleigh Jeans limit, then the 
smallest blackbody tempernture intarvnl thnt can be 
dr.tectr.d at a frl!qucncy v • 10 cm~l, for a pr~dctcc~ton 
bandwidth ~lor 1 cm-1, and a poRt delection bnndwidth 
v2 of 1 liz, 1B AT ... 2 x lo-4· K. If a 11ingle n1ode 
microwave heterodyne r11dlomaterl il u11ed for the Sllme 

meoeuremont. the syRtem nolAo temperature required for 
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Fig. 1. Bolometer ~lement with Pb/CuAl/Pb junc­
tion on the left. and CuAl heater on the right. 
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~-----------------LEGAL NOTICE--------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights . 
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