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[57] ABSTRACT 

A thickness measuring apparatus includes a radiation 
detector to provide an ionization current correspond-
ing to radiation reflected by a substance whose thick-
ness is to be measured and placed on a substrate suffi-
ciently thick to saturate radiation reflected therefrom, 
and a reference unit to provide an electric quantity of 
opposite polarity and equivalent to the ionization cur-
rent generated by a sample of the same material as the 
substance sufficiently thick to saturate radiation re-
flected therefrom. A zero thickness point of the sub-
stance mounted on the substrate upon actual determi-
nation is so pre-adjusted, before actual determination, 
as to define the output level from the radiation detec-
tor which faces a sample of the same material as the 
substance sufficiently thick to saturate radiation re-
flected therefrom. The difference between the ioniza-
tion current from the radiation detector which faces 
the substance placed on the substrate and whose 
thickness is to be measured substituting for the sample 
following the pre-adjustment and the electric quantity 
from the reference unit is applied to an indicating 
meter through a logarithmic amplifier. 

9 Claims, 6 Drawing Figures 
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REFLECTION TYPE RADIATION THICKNESS meter the variation in the thickness of the substance as 
METER a quantity which varies linearly in direct proportion to 

said variation. Where the quantity of the detected radi-
This is a Continuation of U.S. Ser. No. 860,987, filed ation reflected by the substance to be measured varies 

Sept. 25, 1969, now abandoned. 5 exponentially with the variation in the thickness of the 
RArKr.ROtiNn OF THP INVRNTION substance as above described, it has been proposed to 
BACKGROUND OF THE INVENTION f e e d t h e i o n i z a t i o n c u r r e n t f r o m a reflection type radia-

This invention relates to a novel apparatus for mea- tion detector responsive to the quantity of the reflected 
suring the thickness of a substance utilizing reflected radiation to a logarithmic amplifier to obtain an output 
radiation, and more particularly to a thickness gauge 10 which varies substantially linearly in proportion to the 
suitable for measuring the thickness of a substance ionization current, and to display the output from the 
which is deposited on a substrate of a thickness suffi- logarithmic amplifier on an indicating meter, 
cient to obtain saturated reflected radiation when radi- However, in such a reflection type radiation detector 
ation is impinged thereon. wherein the thickness of a substance deposited ori a 

It has been known in the art to measure the thickness 15 substrate having a saturable thickness is measured by 
of substances (such as an iron plate, various metal means of a detector which produces an ionizing current 
plates or a plated layer deposited on a substrate) having in response to the quantity of radiation which are irra-
a thickness sufficient to obtain saturated reflected radi- diated upon the substance from a radiation source and 
ation when radiation is impinged thereon, by detecting reflected therefrom, where the measuring device is 
both the quantity of the radiation projected upon the 20 constructed and arranged such that the thickness of the 
substance from a radiation source and the quantity of substance is measured by taking as the reference point 
radiation reflected therefrom utilizing a reflection type the value of the ionization current produced by the ra-
radiation detector. diation detector corresponding to the quantity of radia-

The quantity of reflected radiation varies expohen- tion reflected by the substrate having a saturable thick-
tially as shown in FIG. 1 dependent upon whether the 2 5 ness (namely, in the case where the thickness of the 
atomic number of the substance to be measured is substance to be measured is zero), we have found that 
larger or smaller than that of the substrate, even with the logarithmic amplifier, the quantity dis-

considering only the substrate, not being deposited played by. the indicator does not vary linearly in pro-
with any substance thereon, the quantity of the re- portion to the variation in the thickness of the sub-
flected radiation increases exponentially as the thick- 3 0 stance to be measured. Hence accurate measurement 
ness of the substrate increases as shown by curve 11 cannot be provided. In the case, where the thickness of 
(FIG. 1), until a saturating point T„ is reached which is the substance deposited on the substrate having a satu-
determined by the nature of the radiation and the mate- rable thickness is measured utilizing the zero point of 
rial of the substrate. Where a substance, the thickness the thickness of the substance to be measured as the 
of which is to be measured, consisting of a metal plate 3 5 reference point as above described, it is thought that 
or a plated layer is deposited on the substrate having great difficulty will be caused by complicated interfer-
such a saturating thickness and where the atomic num- ence between radiation reflected by the substrate and 
ber of the substance is denoted by ZA and that of the radiation reflected by the substance which results in re-
substrate by Zfl, then the quantity of the reflected radi- fleeted radiation of different characteristics, 
ation will increase exponentially with the thickness t of It is therefore an object of this invention to provide 
the substance as shown by curve 121 (FIG. 1) when a novel apparatus capable of accurately measuring the 
ZA>Z„. If ZA<Z„, the quantity of the reflected radia- thickness of a substance to be measured without being 
tion will decrease exponentially as the thickness / of the affected by the presence of the substrate, 
substance increases, as shown by curve 122 (FIG. 1). 

Accordingly, the relationship between the thickness 
t of the substance to be measured and the quantity I of According to this invention* apparatus for measuring 
the reflected radiation can be expressed as follows: the thickness of a substance comprises a radiation de-

. —1/7 n \n -J n \ n _ n i _ tector to provide an ionization current corresponding 
I - U (I,< \.KZJZ„) 1 J/ lit t Q radiation reflected by a substance to be measured 

(1) and placed on a substrate having a thickness sufficient 
to obtain saturated reflected radiation when irradiated, 

where I,, represents the quantity of the saturating radia- a reference unit to provide an electrical quantity repfe-
tion reflected by the substance to be measured; IB senting the ionization current provided by a sample of 
represents the quantity of the saturated radiations re- 5 g the same material as the substance to be measured and 
fleeted by the substrate; and fi represents the radiation having a thickness sufficient to obtain saturated inci-
absorption coefficient of the substance to be measured. dent radiation, a logarithmic amplifier connected to re-

For this reason, with the present day thickness gauges ceive the difference between said ionization current 
utilizing these phenomena, it is very difficult to accu- and said electric quantity and an indicating meter re-
rately determine the thickness t of the substance not 6 Q sponsive to the output from said logarithmic amplifier 
only because the detected quantity of the reflected ra- to provide an indication directly proportional to the 
diation varies exponentially in accordance with the thickness of the substance being measured, 
change in the thickness of the substance being mea-
sured, but also because the quantity of the detected ra-
diation reflected by the substance and that Of radiation 6 5 FIG. 1 shows characteristic curves illustrating the re-
reflected by the substrate vary in different manners. lationship between the thickness of a substrate and the 

In order to accurately determined the thickness of deposited substance to be measured, and the detected 
the substance it is essential to display on an indicating quantity of reflected radiation when the thickness of 

45 SUMMARY OF THE INVENTION 
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the substance is measured by a reflection type radiation which may be provided when desired. The operation of 
detector; the pre-amplifier 34 with resistor 36 will be described 

FIG. 2 is a schematic block diagram of one embodi- later. A negative feedback circuit 39 including a circuit 
ment of a thickness measuring apparatus according to element having a desired logarithmic characteristic 
this invention; 5 such as a diode is connected between input and output 

FIG. 3 is a graph showing the relationship between terminals of an amplifier 38 to form a logarithmic am-
the deflection of an indicating meter and the thickness plifier 40. The output from this amplifier 40 is supplied 
of a substance to be measured obtained by the appara- to one input of a differential amplifier 41 which may be 
tus of the present invention; provided when desired. The other input terminal of the 

FIG. 4 is a schematic block diagram of another em- 10 differential amplifier 41 is connected to the movable 
bodiment of the present invention; tap 44 of a second variable resistor 43 connected 

FIG. 5 is a front view of one example of a reflection across a DC source 42, the resistor 43 and source 42 
type radiation detector suitable for use in this inven- comprising a variable DC source 45. The output termi-
tion; and nal of the differential amplifier 41 is connected to an 

FIG. 6 is a sectional view of the detector shown in 15 indicating meter 48 (such as the moving coil or moving 
FIG. 5 taken along a line VI — VI. ion type) having a pointer 47 which deflects uniformly 

in direct proportion to the value of the input current 
feed thereto. A variable resistor 46 may be included in 
series with meter 48 when desired for the purpose of 

Referring now to FIG. 2 showing a schematic block 20 adjusting the sensitivity, 
diagram of one embodiment of a thickness measuring The above described thickness gauge operates as fol-
apparatus of the present invention, there is shown a lows. 
substance or layer 21 whose thickness is to be mea- Before actual measurements are made, the following 
sured and which is deposited upon a substrate 22 which preliminary calibration is performed, 
is thick enough to obtain saturated reflected radiation 2 5 A sample solely consisting of the same material as the 
when irradiated. The substance 21 may be a plated substance 21 and having a sufficient thickness to pro-
metal layer deposited upon the substrate 22 or any vide saturated reflected radiation when irradiated from 
other metal plate such as an iron plate. However, it the source 24, is substituted for the substance 21 to be 
should be understood that the substance need not nec- measured. Then, regardless of the presence or absence 
essarily be fixed to the substrate but may be continu- 3 0 of the substrate the detector 25 will detect the amount 
ously moved along the upper surface of the substrate of the saturated reflected radiation as can be under-
22. Confronting and spaced from the substrate 22 is a stood from FIG. 1. Then the amount of radiation emit-
reference body 23 which is so designed as to produce ted from the source 26 is adjusted by the adjusting plate 
reflected radiation of the same quantity as those re- 33 in such a manner that the output ionization current 
fleeted by the substance to be measured and which is iB derived from the collector electrode terminal 32 of 
thick enough to obtain saturated reflected radiation the detector 27 included in the reference unit 20A will 
when radiation is projected thereon. A pair of radiation be equal to the output ionization current iM derived 
detectors 25 and 27 including sources of radiation 24 from the collector electrode terminal 30 of the detector 
and 26 are disposed to face the substance 21 to be mea- 25. Since output ionization currents i„ and iu have op-
sured and reference body 23, respectively. As shown, 4 0 posite polarities, the input to pre-amplifier 34 is zero 
positive and negative terminals of a high voltage DC under these conditions. Then another sample consist-
source 28 with its neutral point grounded are respec- ing only of the same material as the substate 22 and 
tively connected to terminals 29 and 31 of the pair of having a thickness sufficient to obtain saturated re-
radiation detectors 25 and 27. Further, these radiation fleeted radiation when irradiated from the source 24 is 
detectors are provided with collector electrode termi- 4 5 substituted for the first mentioned sample. Then, the 
nals 30 and 32 adapted to detect ionization currents detector 25 will detect the quantity of the saturated re-
corresponding to the quantities of radiation which are fleeted radiation IB as can be noted from FIG. 1. Under 
reflected from the substance 21 and the reference body these circumstances, there is a maximum difference be-
23 when substance 21 and reference body 23 are irradi- tween the ionization current i„ from the collector elec-
ated from respective sources 24 and 26. If desired, trode terminal 32 of the detector 27 of the reference 
there may be provided an adjusting plate 33 having per- unit 20A and the ionization current iu from the collec-
forations of appropriate size between the reference tor electrode terminal 30 of the detector 25. Thus, a 
body 23 and the corresponding radiation detector 27 in maximum input voltage is applied to one terminal of 
the path of the incident radiation from source 26 and 5 J the differential amplifier 41 successively through the 
the reflected radiation from the reference body 23, so pre-amplifier 34 and logarithmic amplifier 40. If the 
as to adjust the quantity of reflected radiation to be de- movable tap 44 of the variable resistor 43 is adjusted 
tected by the detector 27. As will be discussed later such that the voltage applied to the other input termi-
more in detail, the radiation detector 27, adjusting nal of the differential amplifier 41 from the variable DC 
plate 33 and reference body 23 encircled by dot and source 45 will be equal but opposite in polarity with re-
dash lines 20A comprise a reference unit providing a spect to the maximum voltage supplied to the first men-
reference value. tioned input, the differential amplifier would provide a 

Collector electrode terminals 30 and 32 of detectors zero output, and hence the deflection of the pointer 47 
25 and 27 are commonly connected to an input termi- of meter 48 would also be zero, 
nal of a pre-amplifier 34. The output of the pre- 6 5 Subsequent to this calibration, an actual measure-
amplifier 34 is grounded through a variable resistor 37 ment is conducted with a sample or test substance 21, 
with its movable tap 35 connected to the input of the the thickness of which is to be measured, deposited or 
pre-amplifier through a resistor 36 of suitable value, placed upon a substrate 22 which has a sufficient thick-
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ness to obtain saturated reflected radiation when irradi- against changes of environmental conditions such as 
ated from the source 24 placed in the measuring posi- ambient temperature. 
tion shown in FIG. 2. When the thickness of the sub- Although in this embodiment, in order to obtain an 
stance 21 on the substrate is measured by the method ionization current for comparison, a radiation detector 
described hereinabove, the indicating meter 48 will not 5 responsive to reflected radiation is employed, it is also 
be deflected when the thickness of the substance 21 is possible to use a radiation detector responsive to radia-
zero or when there is no substance on the substrate 22. tion transmitted through a sample. Further, instead of 
The deflection of the pointer 47 of meter 48 increases the above described perforated adjusting plate 33, any 
as the thickness of the substance increases. In accor- well known radiation adjusting mechanism may be 
dance with this invention, the reference point of mea- 10 used. 
surement corresponding to the zero deflection of the FIG. 4 shows a modified embodiment of this inven-
meter 48 is not selected to correspond to zero thickness tion. In this embodiment, the complicated reference 
of the substance being measured, but instead, the refer- unit 20A shown in FIG. 2 is replaced by a simplified 
ence point of measurement is so selected as to have the reference unit 20B of the following construction. A 
same value as the ionization current from the substance 15 variable resistor 52 is connected across a source of di-
having a sufficient thickness of obtain such saturated rect current such as a battery 51. One end of the vari-
reflected radiation. Thus, the effect caused by the pres- able resistor 52 is connected to the movable arm 35 of 
ence of the substrate is greatly alleviated. As a result, the first variable resistor 37 while the movable arm 53 
the deflection of the indicating meter 48 varies linearly of the variable resistor 52 is connected to the input ter-
and substantially proportionally to only the thickness of 20 minal of the pre-amplifier 34 through the resistor 36. 
the substance to be measured, so that the thickness of In this modification, when a sample of the same mate-
the substance 21 can be correctly measured with a high rial as the substance being measured and having a suffi-
degree Of accuracy. FIG. 3 is a graph illustrating the re- cient thickness to provide such saturated reflected radi-
lationship between the thickness of the substance 21 to ation is substituted for the substance 21 to be measured 
be measured and the deflection of the indicating meter 25 f o r calibration, it is necessary to adjust the movable 
48. arm 53 of the variable resistor 52 so as to provide a 

However, as noted above, since the polarity of the voltage which operates to cancel the voltage drop 
input signal to the pre-amplifier 34 is determined by the across the resistor 36 created by the ionization current 
relative magnitude.of the atomic numbers Z^ and ZB of iM from the collector electrode terminal of the detector 
the substance 21 and the.substrate 22, the polarity of 3 0 25, so as to reduce the input voltage to the pre-
the DC source 28 for both detectors 25 and 27 should amplifier 34 to zero. Then, similar to the first embodi-
be correspondingly determined to assure proper polar- ment, it is possible to accurately measure the thickness 
ity of the input signal to the pre-amplifier 34. of the substance 21 on the substrate 22 which has a 

On the contrary, when the deflection of the meter 48 thickness sufficient to obtain such saturated reflected 
is a maximum when the thickness of the substance is radiation. In FIG. 4, elements corresponding to those 
zero and decreases linearly with an increase of the shown in FIG. 2 are designated by the same reference 
thickness, it is possible to directly connect the meter 48 numerals so that their description is believed unneces-
to the output Of the logarithmic amplifier 40, thereby sary. 
eliminating the differential amplifier 41. The construction of the DC source utilized as the ref-

While in the above example the thickness of the sub- erence unit is not limited to that shown in FIG. 4 and 
stance being measured is directly measured, in many it is'to be understood that any equivalent may be used, 
applications it is often desirable to measure the devia- Thus, for example, the reference unit 20B may be asso-
tion of the thickness from a standard value. In such ciated with the logarithmic amplifier 40 instead of the 
case, the voltage applied from the variable DC source pre-amplifier 34. 
45 to said other input of the differential amplifier 41 is 4 5 FIGS. 5 and 6 illustrate one example of a practical 
adjusted to be equal to, but opposite in polarity with re- construction of a novel radiation detector which can be 
spect to, the voltage applied to the first input terminal used in either FIG. 2 or 4. As shown, the detector com-
of the differential amplifier which corresponds to the prises a solid cylindrical radiation source holder 61 
sample of the standard thickness. Then, where the 5 Q made of a radiation shielding material such as lead and 
thickness of the substance to be measured is equal to provided at its top with a blind hold 62 for receiving a 
the standard thickness, the deflection of the meter 48 source of radiation, not shown. The radiation source 
will be zero and its pointer 47 will deflect linearly in holder 61 is sealed in an inner cylinder 25 of a concen-
one direction or the other substantially in proportion to trie double walled protective casing 64 made of iron or 
the deviation from the standard thickness, thus measur- 5 5 aluminum. The holder 61 extends through the bottom 
ing the thickness of the substance in terms of the mag- plate 63 of the protective casing 64. An outwardly ex-
nitude of the deviation from the reference (or stan- tending flange 67 is formed on the top of the outer cyl-
dard) value. inder 66 of the protective casing. In the space between 

In this embodiment, the resistor 36 and the first vari- the inner and outer cylinders 65 and 66 of the protec-
able resistor 37 comprise a well known negative feed- 6 0 tive casing 64 is contained a high voltage electrode as-
back network. In this network, a portion Of the input sembly 71 comprising concentric inner and outer cylin-
current to the pre-amplifier 34 is by-passed to ground ders 68 and 69 and a bottom plate 70. The electrode 
through the resistor 36 and a portion of the resistor 37 assembly 71 is provided with a pair of insulating bush-
between its movable tap 35 and the grounded terminal, ings 72 and 73 extending through the bottom plate 63 
while the remaining portion of the input is amplified, of the protective casing. Conductors 74 and 75 are pro-
and reversed in polarity by the pre-amplifier 34, and is vided to extend through insulating bushings 72 and 73. 
then applied to the variable resistor 37. This improves Conductor 74 is connected to the high voltage elec-
the response characteristics of the amplifier circuit trode assembly 71 whereas the other conducter 75 is 
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connected to a collector electrode 86 which is de-
scribed hereinbelow. On the bottom plate 70 of the 
electrode assembly 71 are mounted a pair of concentric 
annular terminals 76 and 77. A pair of annular metal 
rings 78 and 79 are mounted on the upper end of the 5 
high voltage electrode assembly 71 to oppose terminals 
76 and 77 respectively. A plurality of (for example 
eighteen) metal wires 80,, 802,..., 80I8 and 81,, . . . , 81,8 
are provided between opposing terminals 76 and 77 
and annular metal rings 78 and 79, respectively, at po- 10 
sitions equally dividing the circumference thereof. A 
plurality of metal wires (for example four) 82, 83, 84 
and 85 are provided between metal wires 80,, ... , 80,g 
and 81,, ... , 811(i at different levels. These metal wires 
82, 83, 84 and 85 are electrically connected succes- 15 
sively in the order of 80, — 81, — 802 — 812, ... , 81,8 
— 80,„, for example, to form a wire net shaped collec-
tor electrode assembly 86 which is electrically con-
nected to the conductor 75 extending through insulat-
ing bushing 73 for the purpose of deriving out the ion- 20 
ization current. The protective casing 64, the high volt-
age electrode assembly 71 and the collector electrode 
assembly 86 comprise an ionization chamber 87. The 
upper opening of the ionization chamber 87 or protec-
tive casing 64 is sealed by a foil 88 such as a film of 25 
polyethylene terephtharate vapor deposited with alu-
minum. Inert gas such as argon and the like is sealed in 
the ionization chamber 87. A shutter 89 is provided in 
front of the blind hole 62 for receiving the radiation 
source of the holder 61 to selectively open and close 
the blind hole 62 through the foil 88. 

In operation, a suitable high voltage DC source is 
connected between the high voltage electrode assem-
bly 71 and the protective casing 64 while the collector 
electrode assembly 86 is connected to the indicating 3 5 

meter 48 via an amplifier circuit including a logarith-
mic amplifier 40 as shown in FIGS. 2 or 4. The sample 
to be measured is brought to face the window of the 
ionization chamber 87 sealed by foil 88. Then the shut-
ter 89 is opened to irradiate the sample from the radia-
tion source contained in the holder 61. Then radiation 
reflected by the sample will enter into the ionization 
chamber 87 through its window to ionize the argon gas 
to supply an ionization current corresponding to the 
thickness of the sample through the collector electrode 
assembly 86 to cause the pointer 47 of the meter 48 to 
deflect in a given direction by a predetermined angle, 
thus directly measuring the thickness of the sample. 

The novel radiation detector comprises a double 
walled cylindrical protective casing with its bottom 
closed, a solid cylindrical radiation source holder hav-
ing a blind hole at its top for receiving the radiation 
source and hermetically sealed in the protective casing, 
a high voltage electrode assembly similarly of double ^ 
walled cylindrical construction with its bottom closed, 
said electrode assembly being disposed in the space be-
tween the inner and outer cylinders of the protective 
casing and electrically insulated therefrom, and a wire 
net shaped cylindrical collector electrode assembly dis- ^ 
posed close to the high voltage electrode assembly. 
This construction readily permits mounting and remov-
ing the source of radiation as well as safe handling of 
dangerous radiation sources. In addition, maintenance 
and inspection are very simple. Moreover, as radiation 
reflected from the sample can be evenly collected with 
high efficiencies it is possible to form a plateau at a rel-
atively low voltage. For this reason, the effect of varia-

4 5 

5 0 

tions in the source voltage and in the spacing between 
the sample and detector upon the accuracy of the mea-
surement can be greatly minimized. 

We claim: 
1. Apparatus for measuring the thickness of a sub-

stance utilizing reflected radiation comprising: 
a substrate sufficiently thick to saturate radiation re-

flected therefrom and receiving a substance whose 
thickness is measured thereon; 

a source of radiation to irradiate said substance; 
a radiation detector for receiving radiation reflected 

from said substance to provide an ionization cur-
rent corresponding to the quantity of the received 
radiation; 

a reference unit including means for producing an 
electric quantity of opposite polarity and of equal 
magnitude to the ionization current generated by a 
sample of the same material as said substance but 
which is sufficiently thick to saturate radiation re-
flected therefrom; 

a first pre-adjusting means for defining a zero thick-
ness point of said substance by causing the ioniza-
tion current from said radiation detector to be of 
opposite polarity and of equal magnitude to the 
electric quantity generated by said reference unit 
upon receipt, by said radiation detector before ac-
tual measurement, of radiation reflected from an-
other sample of the same material as said substance 
and which sample is sufficiently thick to saturate 
radiation reflected therefrom; 

a logarithmic amplifier supplied with an electrical 
quantity corresponding to the difference between 
said output electrical quantities from said refer-
ence unit and said radiation detector facing said 
substance mounted on said substrate which is sub-
stituted for said another sample, following said first 
preadjustment; and 

an indicating meter for providing readings substan-
tially linearly proportional to the magnitude of the 
output signal from said logarithmic amplifier. 

2. Apparatus for measuring the thickness of a sub-
stance utilizing reflected radiation comprising: 

a substrate sufficiently thick to saturate radiation re-
flected therefrom and receiving a substance whose 
thickness is to be measured thereon; 

a source of radiation to irradiate said substance; 
a radiation detector for receiving radiation reflected 

from said substance to produce an ionization cur-
rent corresponding to the quantity of the received 
radiation; a reference unit including means for pro-
ducing an electric quantity of opposite polarity and 
of equal magnitude to the ionization current gener-
ated by a sample of the same material as said sub-
stance but which is sufficiently thick to saturate ra-
diation reflected therefrom; 

a logarithmic amplifier supplied with an electrical 
quantity corresponding to the difference between 
said output electrical quantities from said refer-
ence unit and said radiation detector; 

a differential amplifier coupled to the output of said 
logarithmic amplifier, a signal from the logarithmic 
amplifier being applied to one input terminal 
thereof and a variable DC source being connected 
to the other input terminal thereof; 

a first pre-adjusting means for defining a zero thick-
ness point of said substance by causing ionization 
current from said radiation detector to be of oppo-
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site polarity and of equal magnitude to the electric 
quantity generated by said reference unit upon re-
ceipt, by said radiation detector before actual mea-
surement, of radiation reflected from another sam-
ple of the same material as said substance but 5 
which is sufficiently thick to saturate radiation re-
flected therefrom; 

a second pre-adjusting means for defining a zero level 
of the output from said differential amplifier by ad-
justing the input signal to at least one input termi- 10 
nal of said differential amplifier such that the cur-
rent fed thereto from said logarithmic amplifier is 
of opposite polarity and of equal magnitude to the 
electric current applied to the other input terminal 
of said differential amplifier from said variable DC 15 
source upon receipt, by said radiation detector fur-
ther following said first preadjustment and before 
actual measurement, of radiation reflected from 
still another sample of one of a sample of the same 
material as said substrate and which is sufficiently 20 
thick to saturate radiation reflected therefrom and 
another sample of the same material as said sub-
stance but having a predetermined thickness; and 

an indicating meter for providing a display substan-
tially linearly proportional to the magnitude of the 25 
resultant output signal obtained through said loga-
rithmic amplifier and differential amplifier follow-
ing said first and second pre-adjustments. 

3. Apparatus according to claim 2 wherein said zero 
level of the output from said differential amplifier is set 30 
as the output level of said differential amplifier corre-
sponding to supplying to said one input terminal 
thereof an ionization current generated by said radia-
tion detector which received, before actual determina-
tion, radiation reflected from the same material as said 35 
substance but of a standard thickness, whereby read-
ings on said indicating meter represent the degree to 
which the thickness of said substance mounted on said 
substrate deviates from a standard value corresponding 
to said standard thickness. 40 

4. Apparatus according to claim 1 wherein said refer-
ence unit comprises a calibrated member of the same 
material as said substance and which is sufficiently 
thick to saturate incident radiation, and a radiation de-
tector facing said calibrated member. 45 

5. Apparatus according to claim 2 wherein said refer-
ence unit comprises a calibrated member of the same 
material as said substance and which is sufficiently 

thick to saturate incident radiation, and a radiation de-
tector facing said calibrated member. 

6. Apparatus according to claim 1 including an am-
plifier coupled to the input of said logarithmic amplifier 
to pre-amplify the electrical quantity supplied to said 
logarithmic amplifier, and wherein said reference unit 
comprises a DC source disposed in a negative feedback 
network connected in parallel between the input and 
output terminals of said amplifier. 

7. Apparatus according to claim 2 including an am-
plifier coupled to the input of said logarithmic amplifier 
to pre-amplify the electrical quantity supplied to said 
logarithmic amplifier, and wherein said reference unit 
comprises a DC source disposed in a negative feedback 
network connected in parallel between the input and 
output terminals of said amplifier. 

8. Apparatus according to claim 1 wherein said radia-
tion detector comprises: 

a double walled cylindrical protective casing having 
a closed bottom; 

a solid cylindrical holder at the center of said protec-
tive casing, said holder being provided with an 
opening for receiving a source of radiation on its 
top; 

a high voltage electrode assembly of double 
walled cylindrical construction and insulatedly 
supported in said protective casing, the bottom 
of said high voltage electrode assembly being 
closed; and 
a wire net shaped collector electrode assembly 

mounted adjacent to said electrode assembly. 
9. Apparatus according to claim 2 wherein said radia-

tion detector comprises: 
a double walled cylindrical protective casing having 

a closed bottom; 
a solid cylindrical holder at the center of said protec-

tive casing, said holder being provided with an 
opening for receiving a source of radiation on its 
top; 

a high voltage electrode assembly of double walled 
cylindrical construction and insulatedly supported 
in said protective casing, the bottom of said high 
voltage electrode assembly being closed; and 

a wire net shaped collector electrode assembly 
mounted adjacent to said electrode assembly. 
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