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ABSTRACT
Aims: To encountered in using thermopile device (thermocouple) as densitometer for measuring opti-
cal density for X-radiation film which is used in dental medicine. Materials and methods: Ameri-
cium—241(Am-241) 59.5keV was used to expose a number of dental X—ray films for different times to
end with a variety of optical densities on them. Results: A comparison of the optical density readings
between the densitometer and thermopile was made. Conclusions: The thermopile was capable to
measure the optical density of any transparent polymer material while the densitometer can measure

the optical density of the X—ray film only.
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INTRODUCTION

Thermopile detectors have some desir-
able characteristics that make them better
suited for certain applications than are un-
cooled bolometers and pyroelectric / ferro-
electric detectors'”. Other properties of
thermopiles may be found by Foote in
1979 The Jet Propulsion Laboratory
(JPL) thermopile linear arrays have been
described in detail previously'®.

The thermopile is a series combination
of thermocouples. One set of the thermo-
couple junctions is heat sunk to the detec-
tor case which is maintained at the ambi-
ent temperature. The other set of junctions
is attached to a membrane that is thermally
isolated from the ambient. The incident
radiation is absorbed by the membrane,
and the temperature of the membrane with
the set of junctions attached to it changes
in correspondence.

The energy is absorbed at the surface
and must have time to spread through the
material, be conducted to the ambient and
allow the detector to come to a state of
quasi—equilibrium. The speed of response
or time constant can be controlled to some
degree by design. The thermopile, of cou-
rse, generates its maximum response or
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signal at DC. As the incident radiation is
modulated, the response of most thermo-
piles starts to fall off significantly around
5 Hz and to unusable levels by 10 Hz.
Thermopiles designed specifically for high
speed operation can be used at somewhat
higher frequencies or modulation rates.

Wireless integrated network sensors
(WINS). This detector system includes a
high sensitivity thin—film radiation ther-
mopile and a micro power analog to digital
converter (ADC) optimized for this unique
system. The thermopile has an excellent
responsively of 100 V/W and a normalized
detectivity of 1.1 x 109 cm*Hz"*W in
vacuum. The ADC includes a chopper for
low noise measurement of the low fre-
quency infrared sensor output. The ADC
provides greater than 9-bit resolution and
DC stability at a micro power level of
30W)?,

On each membrane are a number of
Bi-Te and Bi—Sb-Te thermocouples run-
ning along narrow legs between the sub-
strate and membrane. The detectors are
closely spaced, with slits through the
membrane separating the detectors from
each other and defining the detector legs.
Typical detectors have D values in the
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range 1-2 x 109 cm* Hz"*W and re-
sponse times less than 100 ms. Thermopile
detector arrays are currently being fabri-
cated at JPL for the Mars Climate Sounder
(MCS) instrument. MCS is a limb-
sounding radiometer to fly on the Mars
Reconnaissance Orbiter (MRO) mission,
scheduled to launch in 2005. MCS will
measure temperature, pressure, water va-
por, and the combination of dust and con-
densates as a function of altitude in Mars’
atmosphere in addition to polar radiative
balance. Nine 21-element linear arrays of
thermopile detectors, distributed between
two focal planes in twin telescopes, sit
behind spectral band pass filters spanning
the wavelength range 0.3—45 microns™.
The detection of X-rays is based on
various methods. The most commonly
known method are a photographic plate,
X-ray film in a cassette, and rare earth
screens. The X-rays photographic plate or
film is used in hospitals to produce images
of the internal organs and bones of a pa-
tient. Since photographic plates are not
generally sensitive to X—rays, phosphores-
cent screens are usually placed in contact
with the emulsion of the plate or film. The
X-rtays strike the phosphor screen, which
emits visible light, which exposes the film.
The emulsion still needs to be heavily
doped with silver compounds and can be
coated on both sides of the film or plate.
After processing the X-ray film chemi-
cally, some times the specialist is inter-
ested in knowing the degree of blackness
on different parts on the X-ray film. For
this purpose, densitometer device is usu-
ally used. In this paper, an attempt to used
a thermopile instead of a densitometer is

tried. Then the readings of thermopile are
compared with those of the densitometer.

MATERIALS AND METHODS

Description of Thermopile: Dexter
Research Center was a leader in the manu-
facture of stable, high quality, high output
radiation sensing thermopile detectors
with a linear dynamic range from the UV
to long wave IR. Thermopile detectors are
passive radiation sensing voltage generat-
ing devices, that require no bias or cooling
and do not emit any radiation. The detec-
tor’s spectral absorption, that used in this
study was flat from the ultraviolet to the
far infrared. Spectral sensitivity was de-
fined by the selection of optical band—pass
filters. Thermopile output was generally in
the micro—Volt to milli-Volt range de-
pending on target size, temperature and
radiance.

Thermopile detectors could be thought
of as a series array of miniature thermo-
couple junctions connected in series as
differential pairs. These differential pairs
make up the cold junctions and the hot
junctions, Figure (1). In fact, the hot and
cold junctions are connected by alternating
n-type and p-type materials, called
“Arms” creating a See-beck effect be-
tween the junctions. A voltage which pro-
duced, proportional to the temperature
gradient between the hot and cold junc-
tions. For Thin Film based thermopiles,
the arm materials are antimony Sb and
bismuth Bi. For Silicon thermopiles, the
arm materials could be alternating n—type
and p-type Poly-Silicon or n—type with
gold Au or aluminum Al.
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Figure (1): Key features of the Model 2M Thin Film thermopile detector®.
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The cold junctions were typically
thermally connected to the detector pack-
age and are located around the perimeter
of the substrate opening. The hot junctions
were located in the center of the detector
pattern and were coated with an energy
absorber. The hot junctions defined the
active area of the detector and were sus-
pended on a thin membrane, thermally

isolated them from the rest of the package
(&)

Kodak Dental double emulsion X-ray
film (3.1 cm x 4.1 cm) were used .These
films were characterized by their high sen-
sitivity and classified as E — class speed.

Seven films are used and irradiated by
Am-241 source with activity 50 x10-6 Ci
and energy 59.5 keV for exposure 24—100
hr, as shown Table (1). For the purpose of
comparison, two sets of these films were
used; the first set are processed manually,
and the second set are processed automati-
cally.

Table (1): Comparison between the densitometer and thermopile readings at 6 cm

Film Exposure

Optical density= O.D.

Diff % between Densi-

Densitometer Thermopile read- tometer and Thermopile

Number  time(h) reading ing reading
1 24 0.96+1.45 0.91+1.53 5.2
2 40 1.37£1.02 1.29+1.08 5.83
3 50 1.72+0.81 1.61+0.87 6.39
4 70 2.07+0.67 1.93+0.72 6.76
5 80 2.38+0.58 2.21+0.63 7.14
6 90 2.50+0.56 2.324+0.60 7.20
7 100 2.77+0.80 2.57+0.54 7.22

The experimental set up for measuring
the optical density on the X-ray film that
shown in Figure (2). It consisted of 275 W
infrared, visible and UV—A emitter reflec-

0.4cm

Lamp

x-ray film 0.2/ Thermopile
mm thicknes

tor lamp. The thermopile detector was si-
tuated at 0.4 cm from the lamp and con-
nected to current meter whose scale was
ranging from 0-500 mA .

Current meter

I—

I—

Figure (2): Experimental set—up.

Description of Densitometer: The den-
sitometer was a device normally used to
measure the optical density from spot to
spot on the processed X—ray film, or from
film to another. The densitometer used
was of the type DT 1105 and consist of
two units; the base unit type 305, and the

optical unit type 205, Figure (3). The in-
tensity of light passed through the X-ray
film was measured by photodiode whose
function is transforming the light incident
on it into electrical pulses to be amplified
by the amplifier which was connected to
Digital Panel Meter (D.P.M.). The later
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transformed the pulses into numbers
proportional to the optical density of that
particular spot on the X—ray film.

To calculate the optical density for X—
ray film , the following relation is used

|
O0.D.=Log -2
It e (1) ©

Where : lo , represents the intensity of
the incident visible light of exposure film.

While It , represents the current intensity
in the mA of the light passed through of
exposure. D: represents the optical density
on that small area which was a measure of
the degree of blackness of that area . The
error in measurement of any optical den-
sity by densitometer or thermopile equal to
+0.01 experimentally.

Figure (3): The densitometer device.

RESULTS

An X-ray film of the type measured
above is was processed chemically without
exposure it to irradiation, and then its opti-
cal density; O.D. was read by the densi-
tometer and found to be 0.13 which repre-
sents the background optical density read-
ing of the X-ray film .

In comparison, the same film gave 303
mA thermopile reading when it was lo-
cated between the lamp and the thermo-
pile, Figure (2), while the reading of the
thermopile was 400 mA without the film.
Putting these figures in equation (1) gave
0.D=0.12 for the background optical den-
sity which was so closed to the densitome-
ter reading .

In this paper Am-241 radioactive
source emitting gamma ray whose energy
59.5 keV was used to irradiate (7) X—ray
films fixed at about 6 cm from the source
and received radiation as illustrated in Ta-
ble (1) and also emitting alpha particle
whose energy 5.485 MeV.
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CALCULATIONS

The error in the optical density reading
the back radiation film and according to
the (Squires Properties)'” which con-
tained diagram for the relationships be-
tween errors. The error in measurements
of any optical density by Densitometer
equal =+ 0.01, so the error in the final opti-
cal density becomes as follow:

(ADf) 2 = (AD1)2 + (AD2)2 ... (2)

Where ADf, final optical density error
to a certain film.

AD1, error in the optical density for
the same film.

AD2, error in the optical density for
the back radiation film.

And by substituting instead of ADI
and AD2 by the value +0.01 in the equa-
tion (2) results:

(ADf) 2 =(0.01)2+ (0.01)2

ADf = £0.014

Where as (+ 0.014) represents the error
in final optical density, and then we will
calculate the relative error in the optical
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density (0.D.) according to the following
relationship:

AO.Df/O.D. x 100% ... (3)

For example the optical density rela-
tive error (0.26) as in Table (1), could be
calculated according to equation (3) as
follow:

+0.014 /0.96 x 100 % =+ 1.45 %

In order to compute alpha range in air,
by using following equation :

R(cm) =1.24T (MeV) = 2.62.............. O

Where, R: range of alpha particle in
air, T represent kinetic energy of alpha.

Put alpha energy instead of T in equa-
tion (4) and obtained 4.1 cm which repre-
sented alpha range and less than (6 cm).

DISCUSSION

Am-241 radioactive source was used
because the energy it emits was close to
the energies currently used in dental radi-
ography. X-ray tubes in dental radiogra-
phy is working normally in the range (50—
70) kVp ®. The function of thermopile is
similar to that of the densitometer re-
garded optical density measurement. Table
(1) showed that the maximum difference
between the densitometer and thermopile
reading was 7.2%. The selection of (6 cm)
distance between the source and the film

was because for distances less than (6 cm),
alpha particles will contribute to the film
refer to equation (4), thus the alpha range
equal 4.1 cm; and obviously the exposure
time is long for distances over (6 cm). Fur-
ther to that, the aim was to have all the
exposures on the "region of correct expo-
sure" of the characteristic curve of (E-
class speed) film, but the alpha effect ap-
peared at the distance 3cm between the
radioactive source and dental X-ray film
where, the optical density of film equal
0.D.=2.45 by densitometer and with ther-
mopile O.D.=1.83.

The thermopile reading was more sta-
ble than the densitometer reading. This is
because of the large quantity of heat de-
veloped on the densitometer as compared
to the thermopile.

In this study the manual chemical
processing were used for all films, while
another previous papers they used two me-
thod of chemical processing. The results of
automatic chemical processing for previ-
ous papers more sensitive comparison with
our results, because the error ratio with
automatic chemical processing less than
manual chemical processing., therefore the
types of methods for chemical processing
are effect on the results, especially com-
parison with (5) and (10) as shown in Ta-
ble (2).

Table (2): Comparison between present work with previous search

EXxposure . . . . . .
Time/h Researcher Optical density Chemlc_:al Radioactive Detector Optlgal
measurement processing source denS|ty
at3cm
(Mahok &Al- . Dental-ray
40 Dulamer,2006) © densitometer =~ Manual Am-_241 film 1.29+1.08
(Al Badrani & Al- . . B Radiographic
40 Dulamer, 2 008)(10) densitometer Automatic Am-241 film 1.2+ 16
40 (DRC,2006) IR thermopile Automatic X-ray tube Dené’;‘;ray 1.28+ 1.09
40 (Kodak,2002) densitometer =~ Manual X-ray tube Derg?;ray 1.4=£1.0
thermopile Manual Am-241 Dental-ray 1.38+ 1.01
40 (Present film
work,2008) densitometer =~ Manual Am-241 Dergzllrl;ray 1.8540.75
Finally, another measurement achieved covered by thin paper. From Table (2) the
at 3 cm between thermopile and densi- optical density measurement for present
tometer with radioactive source which work nearly from previous search at same
301 Al - Rafidain Dent J

Vol. 9, No2, 2009



Al-Dulamey Q Kh

exposure time especially with Dexter Re-
search Center(DRC),2006 and Kodak,
2002 because the error ratio obtained very
small and less different percentage 6.3 %
comparison with Dexter Research Center.

CONCLUSIONS
The thermopile is available and cheap

as compared to the densitometer. Finally,
the thermopile is capable to measure the
optical density of any transparent polymer
material while the densitometer can meas-
ure the optical density of the X-ray film
only.
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