
[111 3,808,067 
[451 Apr. 30, 1974 

United States Patent [191 
Brown 

[54] METHOD OF CONTROLLING AN ETCHING 
PROCESS 

[75] Inventor: 
Primary Examiner-William A. Powell 
Attorney, Agent, or Firm-B. W. Sheffield Martin John Brown, Lambertville, 

vNJ. 

[73] Assignee: Western Electric Company, ABSTRACT [57] 
Incorporated, New York, N .Y. 

Nov. 24, 1972 

Appl. No.: 309,378 

In an etching process, the degree of etching of a work 
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[21] piece at an intermediate point in the process to derive 
a measure of the portion of the segment from which a 
surface layer has been removed. A variable parameter 
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METHOD OF CONTROLLING AN ETCHING 
- ' PROCESS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to methods and apparatus for 

controlling a spray process for the treatment of work 
pieces, and more particularly, to methods and appara 
tus for regulating a spray-etching machine according to 
an analysis of the light re?ected from a segment of the 
surface of a workpiece being etched. 

2. Description of the Prior Art 
One step in the fabrication of a multi-layered, pat 

terned workpiece, for example, an etched circuit 
board, is the removal by etching of unwanted portions 
of a surface layer of the workpiece to produce a desired 
pattern in the surface layer. Typically, predetermined 
regions of the workpiece are protected from the etch 
ant by an etch-resistant layer called a resist. The work 
piece is immersed in a bath, or conveyed through a 
spray, of a liquid etchant to remove those portions of 
the surface layer that are not protected by the resist. 
After etching is completed, the resist is removed. 
An etchant spray typically etches faster than an etch 

ant bath, because the spray constantly projects fresh 
etchant onto the surface being etched. Therefore, an 
etching machine preferably includes means for convey 
ing workpieces past one or more spray nozzles, and 
means for'recirculating etchant from a sump beneath 
the conveying means to the spray nozzles. 
A properly etched workpiece is neither underetched 

nor overetched. The workpiece is underetched if the 
etchant does not remove all unwanted portions of the 
surface layer of the workpiece. Conversely, the work 
piece is overetched if the etchant undercuts the resist 

' and removes part of the desired pattern. The degree of 
etching must be carefully regulated to prevent either 
underetching or overetching. In a spray-etching ma 
chine the degree of etching is typically regulated by 
varying the rate of etchant ?ow, and/or by varying the 
conveyor speed. A machine operator usually adjusts 
these variables manually, according to his visual in 
spection of etched workpieces leaving the . spray 
etching machine. ' 

In a ‘typical spray-etching machine, a batch of etchant 
is constantly recirculated from the sump to the spray 
nozzles. ‘The chemical activity of the etchantbatch de 
creases as it becomes contaminated with the material 
being etched. Certain etchants also lose strength with 
time. Means can be provided to regenerate or replenish 
the etchant, but such means do not compensate com 
pletely for variations in etchant strength. 
Variations in properties of the surface layer can also 

effect the degree of etching. For example, a copper sur 
face layer can vary in thickness and in hardness. Differ 
ent batches of copper can etch at signi?cantly different 
rates because of such variations. Typically, it has here 
to'fore been necessary for the machine operator to re 
adjust either the etchant ?ow or the conveyor speed to 
conpensate forthe variations in etchant strength and 
workpiece properties. 
Obviously, it would be desirable to automatically 

control the degree of etching in a spray-etching ma 
chine without human intervention. To this end, it be 
comes necessary to generate a control signal that repre 
sents the actual degree of etching of the workpiece. 

20 

2 
This control signal may then be used to regulate a vari 
able parameter in the etching machine to achieve the 
desired degree of etching. Various means have been 
proposed for generating such a control signal. For ex 
ample, it is known to sense light that is re?ected or 
transmitted by a workpiece being etched, and to termi 
nat_e the etching process when the light reaches a cer 
tain intensity. However, it has been found difficult to 
adapt such light-sensing means to conveyorized spray 
etching machines because of ?uctuations in the inten 
sity of the light caused by the opacity and re?ectivity 
of the etchant. Such fluctuations in light intensity limit 
the area of the workpiece that can be satisfactorily 
sensed. In my invention, however, I disclose methods 
and apparatus that utilize scanning techniques for auto 
matically controlling the degree of etching of work 
pieces in a spray-etching machine. 

SUMMARY OF THE INVENTION 

According to the invention, a workpiece having a 
portion whose area is altered during etching is con 
veyed through a spray-etching machine having a vari-' 
able process parameter. A segment of the workpiece is 

Y scanned, at a location in the etching machine where the 
25 
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portions are being altered in area, to derive an electri 
cal signal that represents the altered portion of the seg 
ment. The derived electrical signal is then compared 
with a predetermined electrical signal that represents 
the desired area of the altered portion at the scanning 

7 location, the variable process parameter is adjusted, ac 
cording to. the difference between the derived and the 
predetermined electrical signals, in a direction‘ that 
tends to reduce the difference, thereby regulating the 
degree of etching. 

In a ?rst, preferred embodiment, the variable process 
parameter is the rate of etchant flow. In a second em 
bodiment, the variable process parameter is the speed 
at which the workpiece is conveyed through the etch 
ing process. ' 

The scanning and comparison steps are accom 
plished with a re?ected-light sensor and a control cit" 
cuit. Alternate embodiments of the sensor and the con 
trol circuit are disclosed for use with workpieces having 
various re?ectance characteristics, and for continuous 
workpieces. I 

These and other features of the invention will be 
more fully understood from a consideration of the at 
tached drawings and the following description of the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a portion of a workpiece which can be 
fabricated using the methods and apparatus of the in 
vention; 
FIG. 2 is a partly schematic, partly diagrammatic rep 

resentation of a spray-etching machine for use with dis 
crete workpieces, which may be controlled by the 
method and apparatus of the invention; 
FIG. 3 is a partly schematic, partly diagrammatic rep 

resentation of a spray-etching machine for use with a 
continuous workpiece, which may be controlled by the 
method and apparatus of the invention; 
FIG. 4 is a more detailed diagram of the re?ected 

light sensor shown in FIGS. 2 and 3; 
FIG. 5 is a more detailed diagram of a ?rst, preferred, 

embodiment of a control circuit shown in FIGS. 2 and 
3; 
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FIGS. 6 and 7 are more detailed diagrams of a signal 
level discriminator shown in FIGS. 5 and 8; 
FIG. 8 is a more detailed diagram of a second em 

bodiment of the control circuit shown in FIGS. 2 and 
3; and 
FIG. 9 shows a modi?cation of the control circuits 

shown in FIGS. 5 and 8 that may be used with the con 
tinuous workpiece shown in FIG. 3. 

DETAILED DESCRIPTION 

Throughout the following description, identical ref 
erence numerals are used to identify identical elements 
in different ?gures. 
FIG. 1 shows a portion of a workpiece 10 that can be 

fabricated using the instant invention. The workpiece 
10 is comprised of a substrate 11 having pattern ele 
ments, such as elements 12 and 13 thereon, which are 
formed by etching away unwanted portions of a surface 
layer laminated to the substrate 11. A well-known ex 
ample of such a workpiece is an etched circuit board 
in which the substrate 11 is an insulating material, such 
as polyester, phenolic resin, epoxy glass, or the like, 
and the pattern elements 12 and 13 are a conducting 
material, such as copper. During the fabrication of such 
a workpiece, the pattern elements are protected from 
the etchant used in the etching process by a layer of re 
sist (not shown). 

It is sometimes desirable to fabricate double-sided 
workpieces having pattern elements on both sides of a 
substrate. Pattern elements 14 and 15 are indicated to 
illustrate such a double-sided workpiece. It is self 
evident that the instant invention may be used to fabri 
cate double-sided workpieces as well as single-sided 
workpieces; however, the invention will be described 
only for use with single-sided workpieces, unless other 
wise stated. 

Referring now to FIG. 2, the workpieces 10 are car 
ried by a conveyor 18, which is driven by a motor 17, 
through an etching zone 20, which comprises a plural 
ity of etchant sprays 21. The workpieces 10 can be con 
veyed horizontally, as shown, or in any other conve 
nient orientation. Etchant from the sprays 21 is col 
lected in a sump 22. An etchant pump 23, which is 
driven by a motor 24, circulates the etchant from the 
sump 22 to the sprays 21. 
A sensor 25 scans a passing workpiece 10 by illumi 

nating a region 26 of the workpiece, responding to the 
light that is re?ected from the region 26, and transmit 
ting an analog signal, which represents the magnitude 
of the re?ected light, to a control circuit 28. A pres 
ence sensor 30 proximate the sensor 25 transmits a dig 
ital signal, which is generated by photodetecting means 
or the like, to the control circuit 28 when one of the 
workpieces 10 is within the scanning range of the sen 
sor 25. For clarity, the workpiece 10 that is within scan 
ning range of the sensor 26 will be designated as 
scanned workpiece 16. Each of the workpieces 10 be 
comes the scanned workpiece 16, in turn, as it is con 
veyed past the sensors 25 and 30. 
The control circuit 28 processes the re?ected light 

signal from the sensor 25 to determine the degree of 
etching of the scanned workpiece 16. In a ?rst pre 
ferred embodiment, the control circuit 28 then regu 
lates the degree of etching by varying the rate of etch 
ant ?ow, with a conveyor speed held constant. In a sec 
ond embodiment, the control circuit 28 then regulates 
the degree of etching by varying the conveyor speed, 
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4 
with the rate of etchant ?ow held constant. The control 
circuit 28 will be explained more fully in the descrip 
tions of FIGS. 5 and 8. 
The workpieces 10 have been shown and described 

as discrete workpieces. However, it will be clear that 
the invention can also be used to fabricate continuous, 
web-like workpieces, such as a continuous workpiece 
35, shown in FIG. 3, which may include repeated pat 
tern elements 36. The continuous workpiece is moved 
from supply means to takeup means (both not shown) 
and through the etching zone 20 by the motor 17 in an 
anlogous manner to the movement of the discrete 
workpieces 10 in FIG. 2. 
FIG. 4 is a diagrammatic representation of the sensor 

25. A lamp 40 is placed near the end of an outer light 
pipe 41, which conducts light from the lamp 40 to illu 
minate the region 26 of the scanned workpiece 16. An 
inner light pipe 43 is mounted concentrically with a 
portion of the outer light pipe 41 to conduct light re 
?ected from the region 26 to the photodetector 44. The 
light pipes 41 and 43 are preferably fabricated from 
fused silica (quartz) for maximum light transmission. 
The inner light pipe 43 is coated with a thin, re?ecting 
?lm to minimize the direct passage of light from the 
outer light pipe 41 to the inner light pipe 43. The annu 
lar space between light pipes 41 and 43 is ?lled with an 
etchant resistant epoxy resin to prevent etchant from 
penetrating between the light pipes. The sensor 25 is 
enclosed within a housing (not shown) which provides 
means for mounting the sensor at the correct position 
with respect to the scanned workpiece 16. A circuit 46, 
which can include signal amplifying and conditioning 
means, prepares the output signal from the photodetec 
tor 44 for transmission as an analog signal to the con 
trol circuit 28. 
The sensor 25 can be mounted in the path of the 

etchant sprays 21, as shown in FIG. 2, or in an area pro 
tected from etchant. Some etchants, such as ferric 
chloride, transmit little light; therefore, it is preferable 
to prevent such etchants from intervening between the 
sensor 25 and the scanned workpiece 16. Advanta 
geously, the sensor 25 is mounted close to the scanned 
workpiece 16 with the concentric ends of the light 
pipes 41 and 43 positioned about 0.125 inch from the 
surface of the workpiece. A de?ector (not shown) can 
also be added to direct etchant away from the sensor. 

As the scanned workpiece 16 is carried past the sen 
sor 25, the region 26 moves with respect to the work 
piece, so that the sensor 25 scans a segment 45 of the 
workpiece. The sensor 25 is positioned so that the pat 
tern in the segment 45 is representative of the pattern 
on the workpiece as a whole. 
The surface of one of the workpieces 10 typically 

comprises three types of areas: (I ) incompletely etched 
surface layer areas, (2) resist areas and (3) exposed 
substrate areas. A surface layer area becomes an ex 
posed substrate area when the overlying surface layer 
is completely etched away. Because these three types 
of areas typically have different re?ectivity characteris 
tics, the sensor 25 can usually be constructed to pro 
vide an analog output signal that is within a different 
range for each type of area. 

EXAMPLE 1 

A ?rst sensor 25 was constructed to sense an etched 
circuit card that comprised a light-colored synthetic 
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substrate, a copper surface layer and a solder resist. In 
this sensor, the lamp 40 was an incandescent lamp op 
erated at low power to enhance red emission, and the 
photodetector 44 was a Texas Instruments LS-400 
photodiode. Since copper re?ects red light optimally, 
compared to the light-colored substrate or the solder 
resist, and since the LS-40O photodiode is particularly 
sensitive to red light, the analog output signal from the 
sensor 25 was within a maximum range when the re 
gion 26 was copper, and was within lesser ranges 
when the region 26 was exposed substrate or the re 
sist. Alternatively, if the incandescent lamp had been 
operated at full power, a red ?lter could have been 
placed in the optical path of the sensor 25, for exam 
ple, between the lamp 40 and the light pipe 41. 

EXAMPLE 2 

A second sensor 25 was constructed to sense a mem 
ory card that comprised a highly re?ective aluminum 
substrate, a poorly re?ective magnetic alloy surface 
layer, and a slightly re?ective resist. In the second sen 
sor 25 , the lamp 40 was an incandescent lamp operated 
at full power, and the photodetector 44 was again a 
Texas Instruments LS-40O photodiode. The analog out 
put signal from the sensor 26 was within a maximum 
range when. the region 26 was a substrate area, a me 
dium range when the region 26 was a resist area, and 
a minimum range when the’region 26 was a magnetic 
alloy area. ' 
Referring brie?y to FIG. 2, the sensor 25 is posi 

tioned at a location in the etching zone 20 where some 
parts of the unprotected regions on the scanned work 
piece 16 are exposed substrate, and other parts of the 
unprotected regions are incompletely etched surface 
layer. At this location, the areas of the incompletely 
etched surface layer parts and the exposed substrate 
parts are being altered by the etching process. The pro 
portion of surface layer area to' exposed substrate area 
in the unprotected regions is an indication of the de 
gree of etching. If the scanned workpiece 16 is being 
etched at too fast a rate, a relatively larger proportion 
of the unprotected regions will be exposed substrate; 
conversely, if the scanned workpiece 16 is being etched 
at too slow a rate, a relatively smaller proportion of the 
unprotected regions will be exposed substrate. The de 
gree of etching can be detennined, therefore, by mea 
suring either the area of exposed substrate or the area 
of incompletely etched surface layer in the segment 45 
of the scanned workpiece 16 at the scanning location. 
FIG. 5 is a more detailed block diagram of a ?rst, pre 

ferred, embodiment of the control circuit 28 shown in 
FIG. 2. Referring to FIG. '5, the signal from the sensor 
25 is connected to the input of a signal-level discrimi 
nator 50. The output of the signal level discriminator 
50 is connected to the ?rst input of an AND-gate 52, 
and the output of a constant-rate pulse generator 53 is 
connected to a second input of the AND-gate 52. The 
output of the AND-gate 52 is connected to the “count” 
input of a counter 55. The output of the counter 55 is 
connected by a ‘data path 56 to a ?rst input of a com 
parator 57. vA standard count is stored in a switch regis 
ter, or other means (not shown) that is connected by 
a data path 61 to a second input of the comparator 57. 
A ?rst output of the comparator 57, which is activated 
when the comparator'is enabled and the accumulated 
count in the counter 56 is less than the standard count, 
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6 
is connected by the data path 66 to a “decremenf” 
input of an accumulator 67. A second output of the 
comparator 57, which is activated when .the compara 
tor is enabled and the accumulated count in the 
counter 56 is greater than the standard count, is con 
nected by the data path 67 to an “increment” input of 
the accumulator 67. An initializing means (not shown) 
is connected by a data path 71 into the accumulator 67. 
The output of the accumulator 67 is connected by a 
data path 72 to a digital-to-analog (D/A) converter 73. 
The output of the D/A converter is connected to an 
amplifier 75, which, in the preferred embodiment, is 
connected to drive the pump motor 24. The presence 
detector 30 is connected to a third input of the AND 
gate 52, and to the input of a sequencer 76. First and 
second outputs of the sequencer 76 are connected to 
an “enable" input of the comparator 57 and a “reset” 
input of the counter 55, respectively. A power source 
77 is connected to the conveyor motor 17. 

It will be necessary to refer to digital logic levels in 
the remaining description. For brevity, a “zero” logic 
level will be designated as 0, and a “one” logic level 
will be designated as l. 
The signal level discriminator 50 compares the ana- _ 

log signal from the sensor‘ 25 with one or more refer 
ence levels that are chosen to de?ne the range within 
which the analog signal represents the type of surface 
area to be measured. The output from the signal level 
discriminator is 1 when the analog signal is within the 
de?ned range, and 0 when the analog signal is outside 
the de?ned range. 
When the de?ned range is at the upper or lower end 

of the analog signal range, the signal level discriminator 
50 can be a well-known analog comparator 90, as 
shown in FIG. 6. When the de?ned range is in the mid 
dle of the analog signal range, the signal level compara 
tor 50 can be a combination of two comparators 91 and 
92, as shown in FIG. 7. 

In FIG. 6, the analog signal on the input lead is con 
nected to the “+” terminal of the comparator 90, and 
a reference signal is connected to the “—” terminal of 
the comparator. The output of the comparator is then 
0 when the input signal is less than the reference signal, 
and 1 when the input signal is greater than the refer 
ence signal. Alternatively, if the reference signal were 
connected to the + terminal of the comparator 90 and 
the input signal were connected to the — terminal of the 
comparator, the output of the comparator would be 0 
when the input signal is greater than the reference sig 
nal, and 1 when the input signal is less than the refer 
ence signal. 
For use with the workpiece described in Example 1, 

the comparator 90 shown in FIG. 5 can be used for the 
signal level discriminator 50. The reference level is set 
near the lower end of the maximum range within which 
the analog signal from the sensor 25 indicates that the 
region 26 (FIG. 4) is copper. Thus, the output of the 
comparator 90 is 1 when the region 26 is copper, and 
0 otherwise. 
For use with the workpiece described in Example 2, 

the comparator 90 can also be used, but with the refer 
ence level connected to the + terminal of the compara 
tor and the input connected to the — terminal of the 
comparator. The reference level is set near the upper 
end of the range within which the analog signal from 
the sensor 25 indicates that the region 26 is magnetic 
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alloy. Thus, the output of the comparator 90 is 1 when 
the region 26 is magnetic alloy, and 0 otherwise. 

In FIG. 7, the analog signal on the input lead is con 
nected to,the ~ terminal of the comparator 91 and the 
+ terminal of the comparator 92. An upper reference 
level is connected to the + terminal of the comparator 
91, and a lower reference level is connected to the — 
terminal of the comparator 92. The outputs of the com 
parators 91 and 92 are connected to the inputs of an 
AND-gate 93. 
When the analog signal is less than the lower refer 

ence level, the outputs of the comparators 91 and 92 
are l and 0, respectively, so that the output of the 
AND-gate 93 is 0. When the analog signal is between 
the lower and the upper reference levels, the outputs of 
both comparators 91 and 92 are l, and the output of 
the AND-gate 93 is 1. When the analog signal is greater 
than the upper reference level, the outputs of the com 
parators 91 and 92 are 0 and 1, respectively, so that the 
output of the AND-gate 93 is again zero. 

It will be clear that it is also possible, and may be de 
sirable, to construct a particular sensor 25 and a partic 
ular signal level discriminator 50 so that the output of 
the discriminator 50 is 1 when the area 26 is exposed 
substrate, instead of incompletely etched surface layer. 

Referring again to FIG. 5, in the operation of the first 
embodiment of the control circuit 28, the power supply 
77 drives the conveyor motor 17 at an essentially con 
stant speed. The presence sensor 30 applies 1 to both 
the AND-gate 52 and the sequencer 76 when the 
scanned workpiece 16 is within range of the sensor 25, 
and 0 to both the AND-gate 52 and the sequencer 76 
otherwise. For this explanation, assume that the sensor 
25 and the signal level discriminator 50 are constructed 
so that the signal level discriminator 50 applies 1 to the 
AND-gate 52 when the region 26 is incompletely 
etched surface layer. The constant-rate pulse generator 
53 applies periodically repeated 1 pulses to the AND 
gate 52. 
As the scanned workpiece 16 (FIG. 2) passes the sen 

sors 25 and 30, the sensor 25 scans the segment 45 
(FIG. 4) and provides a varying analog signal to the sig 
nal level discriminator 50. When the region 26 is in 
completely etched surface layer, the signal level dis 
criminator applies 1 to the AND-gate 52. When the in 
puts to the AND-gate 52 from the signal level discrimi 
nator 50 and the sensor 30 are both I, the AND-gate 
52 enables pulses from the pulse generator 53 to reach 
the count input of the counter, Since the scanned work 
piece 16 is moved at an essentially constant speed, and 
the repetition rate of the pulses from the pulse genera 
tor 53 is constant, the accumulated count in the 
counter 55 represents the area of the scanned strip 45 
(FIG. 3) that is incompletely etched surface layer. 

It will be clear that the workpieces 10 must be guided 
with respect to the sensor 25 by means not shown so 
that the same portion of the pattern on each scanned 
workpiece 16 is scanned by the sensor 25. 
The standard count is the value that would accumu 

late in the counter 55 if the scanned workpiece 16 were 
etched to the desired degree. If the scanned workpiece 
16 is overetched, the accumulated count therefor is less 
than the standard count, because a lesser area of the 
scanned strip 45 thereon is incompletely etched surface 
layer. Conversely, if the scanned workpiece 16 is un 
deretched, the accumulated count therefor is greater 
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8 
than the standard count, because a greater area of the 
scanned strip 45 thereon is incompletely etched surface 
layer. 
When the trailing edge of the scanned workpiece 16 

passes the presence sensor 30, the signal from the pres 
ence sensor changes from 1 to 0. This change triggers 
the sequencer 76 to apply a ?rst pulse to the enable 
input of the comparator 57 followed by a second pulse 
to the reset input of the counter 55. The comparator 
57, when enabled, compares the accumulated count in 
the counter 55 with the standard count, and activates 
either an output on the data path 66 to decrement the 
accumulator 67, if the accumulated count is less than 
the standard value, or an output on the data path 70 to 
increment the accumulator 67, if the accumulated 
count is‘greater than the standard count. The second 
pulse from the sequencer 76 resets the counter 55 to an 
initial count, which is typically zero. 
The signals transmitted over the data paths 66 and 70 

to the accumulator 67 can indicate the magnitude, as 
well as the sign, of the difference between the accumu 
lated count and the standard count, and the accumula 
tor can be incremented or decremented by the magni 
tude of the difference. Thus, a large difference between 
the accumulated count and the standard count, indicat 
ing a wide variation between the actual degree of etch 
ing of the scanned workpiece and the desired degree of 
etching thereof, results in a large change in the con 
tents of the accumulator 67; conversely, a small differ 
ence results in a proportionately smaller change. Alter 
natively, the signals transmitted over the data paths 66 
and 70 can increment or decrement the accumulator 
67 by ?xed amounts that are not related to the actual 
difference between the accumulated count and the 
standard count. ‘ 

An initial value is set into the accumulator 67 over 
the data path 71 to establish an initial etchant ?ow 
when the spray etching machine is ?rst started. The ini 
tial value is typically estimated by considering the 
amount of material that is to be etched from the work 
pieces and the known strength of the etchant. 
The digital value stored in the accumulator 67 is con 

verted to an analog value by the D/A converter 73. The 
analog signal is then ampli?ed by the ampli?er 75 to 
drive the etchant pump 23. The value in the accumula 
tor 67 thus represents the rate of etchant ?ow. 
The resulting operation of the ?rst embodiment of 

the control circuit 28 is such that the rate of etchant 
?ow is decreased when the scanned workpiece 16 is 
overetched, as indicated by the accumulated count 
therefor being less than the standard count; and the 
rate of etchant ?ow is increased when the workpiece is 
underetched, as indicated by the accumulated count 
therefor being greater than the standard count. 
A second embodiment of the control circuit 28 is 

shown in FIG. 8, which is generally similar to FIG. 5. 
However, as shown in FIG. 8, the ?rst output of the 
comparator 57 is connected by a data path 81 to the in 
crement input of the accumulator 67, and the second 
output of the comparator 57 is connected by a data 
path 82 to the decrement input of the accumulator 67. 
The output of the D/A converter 73 is connected to an 
ampli?er 76 which is further connected to the con 
veyor motor 17. A power source 78 is connected to the 
pump motor 24. The output of the ampli?er 76 is also 
connected to a variable-rate pulse generator 54. 
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In the operation of the second embodiment, the de 
gree of etching is controlled by varying the conveyor 
speed, and holding the etchant flow constant. The 
value in the accumulator 67 thus represents the con 
veyor speed. The power source 78 drives the pump 
motor 24 to maintain a substantially constant rate of 
etchant flow, and the ampli?er 76 drives the conveyor 
motor 17 and regulates the repetition rate of the pulse 
generator 54 to be proportional to the speed of the con 
veyor motor 17. Thus, the number of pulses generated 
by the pulse generator 54 is the same for each work 
piece, regardless of the speed of the conveyor, and the 
count accumulated by the counter 55 is independent of 
the conveyor speed. 
The comparator 57 activates either an output on the 

data path 81, to increment the accumulator 67 when 
the accumulated count in the counter 55 is less than the 
standard count; or an output on the data path 82, to in 
crement the accumulator 67 when the accumulated 
count in the counter 55 is greater than the standard 
count. Again, the accumulator 67 can be incremented 
or decremented by either the magnitude of the differ 
ence between the accumulated count and the standard 
count, or a fixed amount. 
The resulting operation of the second embodiment of 

the control circuit 28 is such that the conveyor speed 
is increased when the scanned workpiece 16 is ove 
retched, as indicated by the accumulated count there 
for being less than the standard count; and the con 
veyor speed is decreased when the scanned workpiece 
‘16 is underetched, as indicated by the accumulated 
count therefor being greater than the standard count. 

If it is desired to construct the sensor 25 and the sig 
nal level discriminator 50 so that the output of discrimi 
nator 50 is I when the area 26 is exposed substrate, in 
stead of incompletely etched circuit layer, the connec 
tions between the comparator 57 and the accumulator 
67 must be the reverse of those described above. In this 
situation, if the spray-etching machine is to be regu 
lated by varying the etchant flow, the ?rst embodiment 
of the control circuit 28, as shown in FIG. 5, is used; 
however, the comparator 57 is connected to the accu 
mulator 67 by the data paths 81 and 82, as shown in 
FIG. 8. Similarly, if the spray-etching machine is to be 
regulated by varying the conveyor speed, the second 
embodiment of the control circuit 28, as shown in FIG. 
8, is used; however, the comparator 57 is connected to 
the accumulator 67 by the data paths 66 and 70, as 
shown in FIG. 5. 

Referring again to FIG. 3, the workpiece 10 can be 
replaced, as explained previously, by a continuous 
workpiece 35. The presence sensor 30 can respond to 
index marks (not shown) on the continuous workpiece 
that correspond to each appearance of therepeated 
pattern, so that similar workpiece areas are repeatedly 
scanned. Alternatively, the presence sensor 30 can be 
replaced by a sampling clock 81, in the control circuit 
28, as shown in FIG. 9. The clock 81 can be used with 
either the first embodiment of the control circuit 28, 
shown in FIG. 5, or the second embodiment of the con 
trol circuit 28, shown in FIG. 8. The clock 81 generates 
periodic sampling pulses, which simulate the signal that‘ 
is received from the presence detector 30 when either 
discrete workpieces are etched or index marks are used 
on the continuous workpiece. However, the 'clock 81 
can be used only when the pattern on the continuous 
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workpiece is homogeneous, so that each resulting sam~ 
pled area of the continuous workpiece comprises es 
sentially the same mix of the three types of surface ar 
eas, and a standard count can be established for a typi 
cal sampled area. 

If it is desired to etch both sides of workpieces 10 in 
the apparatus of FIG. 2, a second set of sprays (not 
shown) can be used in conjunction with a suitable con~ 
veyor to etch the second side of the workpiece 10 op 
posite the ?rst side etched by etchant from the sprays 
21. Preferably, the degree of etching of the second side 
is controlled separately from that of the first side. The 
conveyor speed is obviously common to both sides of 
the workpieces, so this variable is not convenient for 
such separate control. Thus, the rate of etchant flow is 
appropriately used as the variable for control, requiring 
the addition of a pump, pump motor, sensors and a 
control circuit (all not shown) for the second set of 
sprays. Analogously, both sides of a continuous work 
piece, as shown in FIG. 3, can be etched. 
The elements of both embodiments of control circuit 

28 are all well known in the art. The counter 55 is pref 
erably a binary counter, and the comparator 57, accu 
mulator 67, and D/A converter 73 are also preferably 
binary devices. The ampli?ers 75 and 76 are conven 
tionally, designed to drive the pump motor 24 and the 
conveyor motor 17, respectively. Many possible con?g 
urations of such an ampli?er are known in the art. The 
comparators shown in FIGS. 6 and 7 are again well 
known. The operation and application of elements such 
as those shown in FIGS. 5-9, inclusive, are described 
in greater detail in “Arithmetic Operations in Digital 
Computers,” by R. K. Richards, D. Van Nostrand 
Company, Inc., 1955. 

In the following claims, a properly etched workpiece 
is a workpiece that is neither overetched nor un 

‘ deretched. 

One skilled in the art may make changes and modi? 
cations to the embodiments of the invention disclosed 
herein, and may devise other embodiments, without de 
parting from the spirit and scope of the invention. 
What is claimed is: 
l. A method of regulating the degree of etching of a 

workpiece being conveyed through an etching process, 
the etching process having at least one variable process 
parameter that affects the degree of etching, the work 
piece having a portion whose area is altered during 
etching, which comprises: 
scanning a segment of the workpiece, at a location in 

the etching process where the portion is being al 
tered, to derive a signal representating the area of 
the altered portion within the segment; 

comparing the derived signal with a predetermined 
signal representing the desired area of the altered 
portion at the scanning location; and 

adjusting a variable process parameter, according to 
the result of the comparing step, in a direction that 
tends to reduce the difference between the derived 
signal and the predetermined signal, to regulate the 
degree of etching. 

2. The method of claim 1 wherein the scanning step 
further comprises: 

directing a beam of light onto the segment as the seg 
ment passes the scanning location; 

generating an electrical signal directly related to the 
intensity of the light re?ected from the segment; 
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generating electrical pulses at a repetition rate pro 
portional to. the speed at which the workpiece is 
conveyed past the scanning location; and 

counting the electrical pulses when the re?ected light 
signal indicates that the light beam is re?ected 
from the altered portion, to thereby generate the 
derived signal. 

3. The method of claim 1 wherein the altered portion 
is a surface layer that decreases in area during etching, 
the variable process parameter is the rate of etchant 
flow, and the adjusting step further comprises: 

increasing the rate of etchant ?ow when the derived 
signal is greater than the predetermined signal, and 

decreasing the rate of etchant ?ow when the derived 
signal is less than the predetermined signal. 

4. The method of claim 1 wherein the altered portion 
is a surface layer that decreases in area during etching, 
the variable process parameter is the speed at which 
the workpiece is conveyed through the etching process 
and the adjusting step further comprises: 

increasing the conveying speed when the derived sig 
nal is less than the predetermined signal, and 

decreasing the conveying speed when the derived sig 
nal is greater than the predetermined signal. 

5. The method of claim 1 wherein the altered portion 
is exposed substrate that increases in area during etch 
ing, the variable process parameter is the rate of etch 
ant ?ow, and the adjusting step further comprises: 

increasing the rate of etchant ?ow when the derived 
signal is less than the predetermined signal, and 

decreasing the rate of etchant flow when the derived 
signal is greater than the predetermined signal. 

6. The method of claim 1 wherein the altered portion 
is exposed substrate that increases in area during etch 
ing, the variable process parameter is the speed at 
which the workpiece is conveyed through the etching 
process and the adjusting step further comprises: 

increasing the conveying speed when the derived sig 
nal is greater than the predetermined signal, and 

decreasing the conveying speed when the derived sig 
nal is less than the predetermined signal. 

7. In an etching process, a method of determining the 
degree of etching of a workpiece having a surface layer 
portion that is decreased in area during etching, which 
comprises: 
scanning a segment of the workpiece, at a location in 

the etching process where the surface layer portion 
is being decreased in area, to derive a signal repre 
senting the area of the surface layer portion within 
the segment; and 

comparing the derived signal with a predetermined 
signal representing the desired area of the surface 
layer portion at the scanning location to indicate 
that, at the scanning location, the workpiece is un 
deretched when the derived signal is greater than 
the predetermined signal, properly etched when 
the derived signal substantially equals the predeter 
mined signal, and overetched when the derived sig 
nal is less than the predetermined signal. 

8. In an etching process, a method of determining the 
degree of etching of a workpiece having an exposed 
substrate portion that is increased in area during etch 
ing, which comprises: 
scanning a segment of the workpiece, at a location in 
the etching process where the exposed substrate 
portion is being increased in area, to derive a signal 

, 12 
representing the area of the exposed substrate por 
tion within the segment; and 

comparing the derived signal with a predetermined 
signal representing the desired area of the exposed 

5 substrate portion at the scanning location to indi 
cate that, at the scanning location, the workpiece 
is overetched when the derived signal is greater 
than the predetermined signal, properly etched 
when the derived signal substantially equals the 
predetermined signal, and underetched when the 
derived signal is less than the predetermined signal. 

9. Apparatus for regulating the degree of etching of 
a workpiece conveyed through an etching process hav 
ing at least one variable process parameter affecting 
the degree of etching, the workpiece having a portion 
whose area is altered during etching, which comprises: 

15 

means for scanning a segment of the workpiece, at a 
location in the etching process where the portion 
is being altered, to determine a value representing 
the area of the altered portion within the segment; 

20 

means for comparing the determined value with a 
standard value for the segment; and 

means for adjusting a process parameter, according 
to the output of the comparison means, in a direc 
tion tending to reduce the difference between the 

30 determined value and the standard value. 
10. The apparatus of claim 9 in which the workpiece 

is conveyed through the etching machine at a constant 
speed, the variable process parameter is the rate of 
etchant flow, and the means for scanning comprises: 
photodetector means, positioned at the scanning lo 

25 

35 
cation to receive light re?ected from the segment, - 
for generating an electrical signal directly related 
to the intensity of the re?ected light; 

a discriminator connected to the photodetector for 
generating an output signal when the signal from 
the photodetector is within a range indicating that 
the light is re?ected from the altered portion of the 
segment; 

a pulse generator for generating pulses at a constant 
repetition rate; and 

a counter, connected to both the pulse generator and 
the discriminator, for counting the pulses from the 
pulse generator when the output signal from the 
discriminator is present, the count accumulated in 
the counter being the value representing the area 
of the altered portion within the segment. 

11. The apparatus of claim 9 in which the rate of 
etchant ?ow in the etching process is constant, the vari 
able process parameter is the speed at which the work 
piece is conveyed through the etching process, and the 
means for scanning comprises: 
photodetector means, positioned at the scanning lo 

cation to receive light re?ected from the segment, 
for generating an electrical signal directly related 

40 

60 to the intensity of the re?ected light; 
a discriminator connected to the photodetector for 

activating an output signal when the signal from the 
photodetector is within a range indicating that the 

65 light is re?ected from the altered portion of the 
segment; 

means for generating pulses at a repetition rate pro 
portional to the conveying speed; and 
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a counter,. connected to both the pulse generating 
means and the discriminator, for counting the 
pulses from the pulse generating means when the 
output signal from the discriminator is present, the 
count accumulated in the counter being the value 
representing the area of the altered portion within 
the segment. 

12. Apparatus for determining the degree of etching 
of a workpiece in an etching process, the workpiece 
‘having a surface layer portion that is decreased in area 
during etching, which comprises: 
means for scanning a segment of the workpiece, at a 

location in the etching process where the surface 
layer portion is being decreased in area, to deter 
mine a value representing the area of the surface 
layer portion within the segment; 

means for comparing the determined value with a 
standard value for the segment; and 

means for indicating that the workpiece is ove 
retched when the determined value is less than the 
standard value, properly etched when the deter 
mined value substantially equals the standard 
value, and underetched when the determined value 
is greater than the standard value. 

13. Apparatus for determining the degree of etching 
of a workpiece in an etching process, the workpiece 
having an exposed substrate portion that is increased in 
area during etching, which comprises: 

5 
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14 
means for scanning a segment of the workpiece, at a 

location in the etching process where the exposed 
substrate portion is being increased in area, to de 
termine a value representing the area of the ex 
posed substrate portion within the segment; 

means for comparing the determined value with a 
standard value for the segment; and 

means for indicating that the workpiece is ove 
retched when the determined value is greater than 
the standard value, properly etched when the de 
termined value substantially equals the standard 
value, and underetched when the determined value 
is less than the standard value. 

14. A method of controlling the selective removal of 
a layer of material from a workpiece comprising the 
steps of: 

subjecting the workpiece to a variable rate etching 
process, 

scanning a segment of the‘ workpiece at an intermedi 
ate point in the process to derive a measure of the 
portion of the segment from which the material has 
been removed. 

comparing the derived measure with a standard mea 
sure representing the desired amount of material 
removal at said intermediate point, and 

varying the etching rate in accordance with the com 
parison at said'intermediate point. 

* * * '* * 
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