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ABSTRACT

The spectral and frequency response of twelve radiation ther-
mopiles, built mainly for use as sensitive elements in infrared
detection devices, have been measured.

The frequency responses are presented intwo series of curves.
The first shows the open-circuit peak-to-peak volts per peak-to-
peak watt versus frequency, with the receiver area of the respec-
tive thermopiles effectively equivalent to one square millimeter.
The second uses the same data but shows the relationship of the
responses when the total resistance of each thermopile is effec-
tively equivalent to one ohm,

The spectral responses relative to that of a standard infrared
spectrometer thermocouple are shown for the region from 1.5 mi-
crons to 15.5 microns.

PROBLEM STATUS

This is an interim report on this problem; work is continuing.

AUTHORIZATION

NRL Problem NO7-13R
NR 477-130
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THE SPECTRAL AND FREQUENCY RESPONSE
OF SEVERAL TYPES OF THERMOPILES

INTRODUCTION

In the regular course of work under this problem, and in the process of evaluating
sensitive elements for current infrared detection problems in which this Laboratory is
now engaged, +2 the spectral and frequency responses of twelve thermopiles have been
measured.

This group of thermopiles is representative of those used as sensitive elements in
devices developed in the past, under current development, or for proposed future develop-
ment, Also included in the group are specimens of all thermopiles which have been sub-
mitted to this Laboratory for evaluation,

All of the thermopiles were measured with the same equipments and under identical
conditions. On this basis direct comparison between them is justified. The measuring
equipments, as well as the procedure followed, will be fully described in another report.3

Whenever possible, measurements of frequency response were made for both re-
ceivers of the compensated thermopiles, and the spectral response of one receiver of the
same thermopile was measured. In this manner, four quantities were determined: (1) The
degree of compensation, (2) the sensitivity, (3) the frequency response, and (4) the spectral
response. In several cases, however, normal handling had resulted in accidental breakage
of leads or internal parts, rendering one set of receivers useless; in others, use of the
thermopile in a problem elsewhere prevented one type of measurement from being taken,
Finally, it should be noted that most of the thermopiles in the group are special-purpose
thermopiles and may not represent the best of these particular types.

EXPERIMENTAL RESULTS
Frequency Response

The range of frequencies covered in the frequency response measurements extended
from 2.5 to 100 cycles per second. The temperature of the black body source was held

1Cla.rk, H. L., NRL Ltr. Report 5-3750-540A/50 to BuAer, Code EL-84, June 27, 1950

2 Bieber, C. F. and Clark, H. L., “The Thermal Discontinuity at the Horizon Observed
from High Altitudes,” NRL Report 3529 (Confidential), September 12, 1949

3Bieber, C. F. and Clark, H. L., “Equipments for the Evaluation of Infrared Sensitive
Elements,” NRL Report in preparation (Confidential)
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within a few degrees of 473°K for nearly all measurements. A small number of measure-
ments was made with the source temperature held within a few degrees of 373°K, and these
cases are noted in Table 1, “Details of the Thermopiles Measured.”

The radiation from the source was chopped sinusoidally. The response is given in
open-circuit peak-to-peak volts per peak-to-peak watt for an irradiated-receiver area
equivalent to one square millimeter plotted to a logarithmic scale, all versus frequency
in cycles per second plotted to a logarithmic scale (Figure 1).* A second set of curves
shows the open-circuit peak-to-peak volts per peak-to-peak watt for an irradiated-receiver
area equivalent to one square millimeter and a total thermopile resistance equivalent to
one ohm, all versus the frequency; again both are plotted logarithmically (Figure 2).

For the compensated thermopiles in which no center electrical connection was pro-
vided and in which both the hot and cold junction remained in the circuit, it was necessary
to mask off the incident radiation from one of the pair of receivers while the response of
the other receiver was being measured. While this is not an ideal situation, since it tends
to lower the sensitivity value slightly, from practice it has been found to be the arrange-
ment least likely to damage the thermopile to the extent that no evaluation can be made.
Again, the thermopiles-so treated are noted in Table 1, “Details of the Thermopiles
Measured.”

Spectral Response

The range covered in the spectral response measurements extended from 1.5 to 15.5
microns. The spectral response §iven in each case is relative to that of the standard
Perkin-Elmer A-C thermocouple4 for use with the 12-C Infrared Spectrometer. In every
case, the response of the thermopile being measured was set equal to the response of the
P-E thermocouple at the maximum of the globar radiation curve (approximately 2.3
microns). The radiation from the globar source was chopped sinusoidally at the entrance
slit, at a frequency of 10 cycles per second, and the response of the standard thermocouple
and of the thermopile being measured were recorded simultaneously for each wavelength.
The relative spectral responses of the thermopiles are shown in Figures 3 to 7 inclusive.

CONCLUSIONS AND DISCUSSION

Since the noise generated by this type of sensitive element is directly proportional
to the square root of its resistance, and inasmuch as the signal-to-noise ratio is the useful
quantity in actual use, a truly comparative rating must take into consideration the resist-
ance as well as the receiver area. i

When the sensitivities of the various thermopiles are examined on the basis of equiva-
lent receiver area and their respective resistances are ignored (Figure 1), the total spread
of values amounts to a factor of 50, This gives the impression that the highest is 50 times
better than the lowest. Where the respective total resistances of the thermopiles are made
effectively equivalent, however (Figure 2), the relative values of the signal-to-noise ratio
are changed, with the total spread closing to a factor of 17 between the lowest and highest
values. In other words, for practical use, the best is only 17 times better than the poorest.

* All figures appear at the end of the report. .

4 perkin-Elmer Thermocouple No. 375, rated sensitivity 7.3 uv/uw, resistance 11 ohms,
window material potassium bromide
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TABLE 1

Details of the Thermopiles Mecasured

Note: The gas inside the cases was air at atmospheric pressure unless oth

ﬁgghd Euw"l t
esist-
Number of |  Receiver  |tance Window
Name Manufacturer Type Receivers (sq. mm) (ohms) Material
Eppley 1287 Eppley Laboratory, Inc., Newport, R. I. | Compensated 2 (1.5x3.0) 7.0 |Sodium chloride
Eppley 1986 Same as above, Compensated 2 (0.508 x 5.08) | B.4 Sodium chloride
f;l;%ley (k;“l- Same as above. Uncompensated 250 (0.508 x 508) | 0.2 | Coated silver chloride
Harris, L. (See Final Report on the
; Development of Fast Response Ther-
Harris 36 mopiles, M.LT., BuShips Contract NObs | Compensated 2 (0.194 x 2.45) | 32.2 | Sodium chloride
25391, December 1946)
Harris 55 Same as above. Compensated 2 (0.099 x 1.08) | 9.7 Sodium chloride
Harris 60 Same as above. Compensated 3 (0.115 x 1.17) | 10.0 Sodium chloride
Harris C: Same as above. Compensated 2 (1.09 x 2.54) | 41.0 Sodium chloride
Reeder I Charles M. Reeder & Co., 171 Victor Compensated 2 (0.794 x 2.38) | 11.0 Sodium chloride
3 Ave,, Detroit 5, Michigan.
Reeder I Same as above. Compensated 2 (0.65 x 3.0) 16.0 Sodium chloride
Reeder 1 sq. Same as above. Uncompensated 250 (0.508 x 5.08)| 2.0 Coated silver chloride
inch (A)
Reeder 1 sq. Same as above. Uncompensated 250 (0.508 x 5.08)] 2.0 | Coated silver chlorid
inch (B)
Schwarz Vac-| Adam Hilger Ltd., 98 St. Pancras Way, Compensated 2 (8.0 x 0.5) 40.0 Calcium fluoride

uum Thermo-
pile XGVO/3

Camden Road, London N.W.1., England
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It is evident from Figure 1 that, taken at the lowest frequency for each case (~ 2.5
cps), the sensitivities of the thermopiles, beginning with the highest, rank as follows:

1, Schwarz XGVO/3 6. Harris 60

2. Harris C} 7. Eppley 1287

3. Reeder I 8. Eppley 1986

4. Harris 36 9. Reeder 1 sq. inch (A) and (B)
5. Harris 55 10. Eppley 1 sq, inch (A)

There is a noticeable grouping in Figure 1 also, and when allowances are made for
peculiarities, this grouping appears to fall according to manufacturer. As already noted,
the Reeder 1 sq. inch thermopiles without doubt have a lowered sensitivity because of a
mistake during application of the “black,” The Harris 55 and 60 were built to special
order and were successfully constructed only after much difficulty. The result was a
sensitivity lower than is normally shown for this type of thermopile, With these two ex-
ceptions, the thermopile sensitivities fall into the following groups:

I Schwarz XGVO/3
II Harris C}, Reeder I, and Harris 36
III Eppley 1287, Eppley 1986, and Eppley 1 sq. inch (A)

The Harris 55 and 60 fall in group II for the lower frequencies and 55 ( and pre-
sumably 60) falls in group II at the higher frequencies, Both Reeder 1 sq. inch thermo-
piles fall in group III,

However, it is seen in Figure 2 that, again taken at the lowest frequency for each case,
the signal-to-noise values of the thermopiles, beginning with the highest, rank in the fol-
lowing manner:

1. Schwarz XGVO/3 6. Reeder 1 sq, inch (A) and (B)
2, Reeder I 7. Eppley 1287

3. Harris 36 8. Eppley 1986

4, Eppley 1 sq. inch (A) 9. Harris 55

5. Harris C$ 10. Harris 60

When considered from the standpoint of signal-to-noise ratio, it is evident that
distinct grouping does not appear and the relative order of superiority is changed—
remarkably so for the Eppley 1 sq, inch (A) because of its unusually low resistance (0.2
ohm), and to a lesser extent for the Reeder 1 sq. inch thermopiles which also have rather
low resistances (2.0 ohms each).

SEONIDENTIA ) SECLASSIFIED
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