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ENVIRONMENTAL TEST SYSTEM AND METHOD WITH IN-SITU 

TEMPERATURE SENSING OF DEVICE UNDER TEST (DUT) 

RELATED APPLICATION 

[0001] This application claim priority to U.S. Patent Application Serial No. 

13/281,964, filed in the U.S. Patent and Trademark Office October 26, 2011, the entire 

contents of which are incorporated herein by reference. 

BACKGROUND 
[0002] The present disclosure relates to environmental test systems and 

methods, and, in particular, to environmental test systems and methods in which 

temperature and humidity in an environmental chamber are controlled to eliminate 

condensation at or near the device under test (DUT). 

[0003] In conventional humidity-controlled and temperature-controlled 

chamber systems, a device under test (DUT) can be subjected to various forms of testing 

regimens under various environments. In a large number of these testing regiments, it is 

important that condensation not be present at or near the DUT, to ensure accurate testing, 

prevent failure of or damage to the DUT, or for other reasons. In conventional testing 

systems, because of the thermal mass of the DUT, or other factors, the temperature of the 

DUT may be at a temperature that is below the dew point of the controlled chamber 

environment. As a result, condensation can form, which can result in a spoiled testing 

regimen. 

SUMMARY 

[0004] According to one aspect, the present disclosure is directed to an 

environmental chamber system in which a device under test (DUT) can be tested. The 

environmental chamber system includes an environmental chamber in which the DUT 

can be tested. A temperature sensor senses temperature of the DUT and generates a 

signal indicative of temperature of the DUT. A controller receives at least one input 

signal related to at least one of temperature and humidity in the chamber and receives the 

signal indicative of temperature of the DUT. The controller provides at least one control 

signal for adjusting at least one of temperature and humidity in the chamber, such that the 

temperature of the DUT is not below a dew point of an environment in the chamber in a 
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region of the chamber near the DUT, such that condensation in the environment in the 

chamber in the region near the DUT does not occur. 

[0005] In some exemplary embodiments, the controller comprises a 

mathematical filter. 

[0006] In some exemplary embodiments, the at least one input signal 

comprises two input signals, the two input signals being indicative of humidity and 

temperature in the chamber. 

[0007] In some exemplary embodiments, the at least one control signal adjusts 

heating in the chamber. 

[0008] In some exemplary embodiments, the at least one control signal adjusts 

cooling in the chamber. 

[0009] In some exemplary embodiments, the at least one control signal is 

generated to remove moisture from the chamber. 

[0010] In some exemplary embodiments, the at least one control signal is 

generated to add moisture to the chamber. 

[0011] In some exemplary embodiments, the temperature sensor contacts the 

DUT inside the chamber. 

[0012] In some exemplary embodiments, the temperature sensor is an infrared 

temperature sensor, and the DUT is within a field of view of the infrared sensor. 

[0013] In some exemplary embodiments, the infrared sensor is inside the 

chamber. 

[0014] In some exemplary embodiments, the infrared sensor is outside the 

chamber. 

[0015] According to another aspect, the present disclosure is directed to a 

method of testing a device under test (DUT). The method comprises: placing the DUT in 

an environmental chamber; sensing temperature of the DUT with a temperature sensor, 

the temperature sensor generating a first signal, the first signal being indicative of 

temperature of the DUT; sensing at least one of temperature and humidity inside the 

chamber and generating at least one second signal indicative of the at least one of 

temperature and humidity inside the chamber; and generating at least one control signal 

for adjusting at least one of temperature and humidity in the chamber, such that the 

temperature of the DUT is not below a dew point of an environment in the chamber in a 

region of the chamber near the DUT, such that condensation in the environment in the 
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chamber in the region near the DUT does not occur, the at least one control signal being 

based on first signal and the at least one second signal. 

[0016] In some exemplary embodiments, the at least one second signal 

comprises two signals, the two signals being indicative of humidity and temperature in 

the chamber. 

[0017] In some exemplary embodiments, the at least one control signal adjusts 

heating in the chamber. 

[0018] In some exemplary embodiments, the at least one control signal adjusts 

cooling in the chamber. 

[0019] In some exemplary embodiments, the at least one control signal is 

generated to remove moisture from the chamber. 

[0020] In some exemplary embodiments, the at least one control signal is 

generated to add moisture to the chamber. 

[0021] In some exemplary embodiments, the temperature sensor contacts the 

DUT inside the chamber. 

[0022] In some exemplary embodiments, the temperature sensor is an infrared 

temperature sensor, and the DUT is within a field of view of the infrared sensor. 

[0023] In some exemplary embodiments, the infrared sensor is inside the 

chamber. 

[0024] In some exemplary embodiments, the infrared sensor is outside the 

chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The foregoing and other features and advantages of the disclosure will 

be apparent from the more particular description of preferred embodiments, as illustrated 

in the accompanying drawings, in which like reference characters refer to the same parts 

throughout the different views. The drawings are not necessarily to scale, emphasis 

instead being placed upon illustrating the principles of the disclosure. 

[0026] FIG. 1 contains a schematic block diagram of an environmental 

chamber system, according to some exemplary embodiments. 

[0027] FIG. 2 contains a schematic block diagram of an environmental 

chamber system, according to other exemplary embodiments. 
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[0028] FIG. 3 contains a schematic block diagram of an environmental 

chamber system using a remote, non-contact DUT temperature sensor, according to other 

exemplary embodiments. 

[0029] FIG. 4 contains a schematic block diagram of an environmental 

chamber system using a remote, non-contact DUT temperature sensor, according to other 

exemplary embodiments. 

[0030] FIG. 5 contains a schematic block diagram of an environmental 

chamber system using a remote, non-contact DUT temperature sensor, according to other 

exemplary embodiments. 

[0031] FIG. 6 contains a schematic block diagram of an environmental 

chamber system using a remote, non-contact DUT temperature sensor, according to other 

exemplary embodiments. 

DETAILED DESCRIPTION 

[0032] FIG. 1 contains a schematic block diagram of an environmental 

chamber system 100, according to some exemplary embodiments. Referring to FIG. 1, 

the system 100 includes an environmentally-controlled chamber 102 in which a device 

under test (DUT) 104 can be located such that a testing regimen can be carried out on the 

DUT in certain prescribed environments. For example, in the embodiment illustrated in 

FIG. 1, the temperature and humidity inside the chamber 102 is controllable. To that end, 

the system 100 includes a temperature sensor 110 and a humidity sensor 108 inside the 

chamber 102. The temperature sensor 110 and humidity sensor 108 sense the temperature 

and humidity, respectively, inside the chamber 102 and transfer signals indicative of the 

temperature and humidity, respectively, to a system controller 136. 

[0033] The environment inside the chamber 102 is conditioned such as by 

adding and/or removing moisture and/or heating and/or cooling the environment using a 

mixing blower 116, which moves the chamber environmental gas, e.g., air, through a 

plenum 112 located inside the chamber 102. In general, rapid and turbulent air flow 

through the plenum 112 is achieved by the mixing blower 116, under the control of the 

mixing blower power and control unit 114, which is controlled by a control signal on 

signal line 117 from the system controller 136. The mixing blower 116 exhausts the 

flowing air into the chamber 102 to control the environment in the chamber 102. 
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[0034] The air in the chamber 102 is heated by heater 118. In some 

exemplary embodiments, the heater 118 is a resistive heater which operates under the 

control of the heater power and control unit 134, which is controlled by the system 

controller 136 via a control signal on signal line 135. 

[0035] In some exemplary embodiments, the air in the camber 102 is cooled 

by, for example, an evaporator unit 120. Air from the chamber 102 is drawn into the 

plenum 112 by the mixing blower 116, where the evaporator 120 cools the air. The air 

entering the plenum 112 can be cooled by the evaporator 120 either mechanically, i.e., by 

a refrigeration cycle operating in concert with the evaporator 120, or cryogenically by the 

injection of a cryogenic material into the evaporator 120. In the exemplary embodiment 

illustrated in FIG. 1, the evaporator 120 cools the air by injection of a cryogenic material, 

which can be, for example, liquid nitrogen (LN2), liquid carbon dioxide LC02, or other 

such material. The LN2 or LC02 is transported from a source 122 through the wall of the 

chamber 102 via a pipe or tubing 124, and into the evaporator 120. The transport of the 

cooling material is controlled by the system controller 136 via a control signal on signal 

line 131 as shown in FIG. 1. As the injected material enters the evaporator 120, it 

evaporates, thus cooling the air flowing along the outer surface of the evaporator 120. 

[0036] As noted above, in some exemplary embodiments, humidity in the 

chamber 102 is also controlled. Accordingly, the system 100 also includes a moisture 

input for adding humidity to the environment inside the chamber 102 and a drying input 

for removing humidity from the environment inside the chamber 102. In some exemplary 

embodiments, the moisture input may be, for example, atomized water, which is 

transported from a source 126 through the wall of the chamber 102 via a pipe or tubing 

130, and into the plenum 112. The flow and/or the flow rate of the atomized water, and, 

therefore, the humidity adjustment made by the atomized water, is controlled by the 

system controller 136 via a control signal on signal line 127, as shown in FIG. 1. In some 

exemplary embodiments, the drying input may be, for example, dry nitrogen, which is 

transported from a source 128 through the wall of the chamber 102 via a pipe or tubing 

132, and into the plenum 112. The flow and/or the flow rate of the dry nitrogen, and, 

therefore, the humidity adjustment made by the dry nitrogen, is controlled by the system 

controller 136 via a control signal on signal line 129, as shown in FIG. 1. 

[0037] Either or both of the moisture input and the drying input are introduced 

into the turbulent air flow in the plenum 112. According to the disclosure, the system 

5 



WO 2013/063437 PCT/US2012/062178 

controller 136, via the appropriate control signals, sets the combination of the moisture 

input and the drying input as desired to achieve the desired humidity in the chamber 102, 

as measured by the humidity sensor 108. Similarly, either or both of the heating 118 and 

cooling 120 are introduced into the turbulent air flow in the plenum 112. According to 

the disclosure, the system controller 136, via the appropriate control signals, sets the 

combination of the heating input and cooling input as desired to achieve the desired 

temperature in the chamber 102. 

[0038] The system 100 also includes a DUT temperature sensor 106 located in 

close proximity to and/or in contact with the DUT 104. The DUT temperature sensor 106 

directly senses the temperature of the DUT 104 in situ, independent of any potential 

influence by any other factors, such as, for example, temperature variations/gradients in 

the chamber environment. The DUT temperature sensor 106 senses the temperature of 

the DUT 104 in situ and forwards a signal indicative of the temperature of the DUT 104 

to the system controller 136 on signal line 107. In some exemplary embodiments, the 

DUT temperature sensor 106 can be or include a resistance to temperature (RTD) device, 

a thermocouple, a thermistor, or other such contact temperature sensing device. 

[0039] The system controller 136 controls the operation of the system 100 by 

processing the various input signals it receives from the various sensors in the system and 

generating control signals using the input signals. In some exemplary embodiments, the 

system controller 136 includes a processing device 140, which can be a microprocessor, a 

microcontroller, a programmed gate array, or other such device. System controller 136 

also includes memory circuits 142, 144, 146, each of which can be some form of random 

access memory (RAM) or some form of read-only memory (ROM) or some form of 

programmable read-only memory (PROM), or other memory device. One or more of the 

memory circuits 142, 144, 146 can store program instructions and data used by the system 

controller 136 to control the system 100. The system controller 136 also includes 

peripheral circuitry 148 associated with the processing device 140 and memories 142, 

144, 146. The peripheral circuitry 148 may include, for example, input/output interface 

circuitry, mathematical operations circuitry, or other circuitry used to carry out the 

functions of the system controller 136 together with the processing device 140 and the 

memories 142, 144, 146. The processing device 140, the memories 142, 144, 146 and the 

peripheral circuitry 148 are connected via a system bus 150. Signals among the 
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processing device 140, memories 142, 144, 146 and the peripheral circuitry 148 are 

carried over the system bus 150. 

[0040] As described above, the system 100 operates to eliminate condensation 

at or near the DUT 104 during testing. This is achieved by obtaining an accurate in-situ 

measurement of the temperature of the DUT 104, via the DUT temperature sensor 106, in 

addition to accurate measurements of chamber humidity via the humidity sensor 108 and 

accurate measurements of chamber temperature via the temperature sensor 110. By 

directly sensing the actual temperature of the DUT 104 in situ, the system can make 

adjustments to the humidity and temperature in the chamber 102 to ensure that the 

temperature of the DUT 104 is not below the dew point of the air in the chamber 102, 

which eliminates condensation at or near the DUT 104. 

[0041] The system controller 136, through the processing device 140, 

memories 142, 144, 146 and peripheral circuitry 148, controls the system 100 by 

executing a control process or function. In some exemplary embodiments, the control 

process or function can be or can include a mathematical filter. The control process or 

function receives as input variables the temperature of the DUT 104 via signal line 107, 

the temperature of the chamber 102 via signal line 111 and the humidity of the chamber 

102 via signal line 109. The control process or function processes these received signals 

and produces a set of control signals to control the humidity and temperature of the 

chamber 102 such that condensation does not occur at or near the DUT 104. 

[0042] Specifically, the control process or function generates a heating control 

signal on control signal line 135 to command heating as required via the heating power 

and control unit 134. The control signal can command the heater 118 between on and off 

states, or it may adjust the power supplied to the heater 118 to adjust the output heat. 

Similarly, the control process or function generates a cooling control signal on signal line 

131 to command cooling as required via the cooling source 122. The control signal can 

command the source 122 between on and off states such that the flow of cryogenic 

material, e.g., LN2 or LC02, switches between flowing and not flowing, or it may adjust 

the flow rate of the LN2 or LC02 to adjust the cooling. Similarly, the control process or 

function generates a moisture control signal on signal line 127 to command the addition 

of moisture to the air in the chamber 102 as required via the moisture source 126. As 

noted above, the moisture source may be a source of atomized water. The control signal 

can command the source 126 between on and off states such that the flow of moisture, 
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i.e., atomized water, switches between flowing and not flowing, or it may adjust the flow 

rate of the atomized water. Similarly, the control process or function generates a drying 

control signal on signal line 129 to command the reduction of moisture in the air in the 

chamber 102 as required via the drying source 128. As noted above, the drying source 

128 may be a source of dry nitrogen. The control signal can command the source 128 

between on and off states such that the flow of dry nitrogen switches between flowing 

and not flowing, or it may adjust the flow rate of the dry nitrogen. The control process or 

function also generates a control signal on signal line 117, which controls the mixing 

blower 116 via the mixing blower power and control unit 114, to control flow and 

mixture of the environmental gas, i.e., air, inside the chamber 102. 

[0043] In some exemplary embodiments, the system controller 136 is also 

provided with an enable input on signal line 138. The enable input can be used to enable 

or disable the elimination of condensation at the DUT 104. The enable input can also be 

an adjustment signal which allows the user to set a desired or acceptable level of 

condensation at the DUT 104, rather than completely eliminating condensation. This 

acceptable level signal is used by the control process or function in generating the various 

control signals described in detail above such that the acceptable level of condensation is 

achieved. 

[0044] FIG. 2 contains a schematic block diagram of an environmental 

chamber system, according to other exemplary embodiments. The difference between the 

embodiments of FIG. 2 and the embodiments of FIG. 1 is that, in the embodiments of FIG. 

1, cooling is achieved by injecting cryogenic material into the evaporator 120, whereas, in 

the embodiments of FIG. 2, the cooling is achieved by mechanical refrigeration, i.e., by a 

mechanical refrigeration cycle, and the evaporator 220 of the embodiments of FIG. 2 is 

part of the mechanical refrigeration cycle. 

[0045] Elements, functions and processes of the embodiments of FIG. 2 that 

are the same as those of the embodiments of FIG. 1 are identified by like reference 

numerals. Detailed description of these like elements, functions and processes will not be 

repeated. 

[0046] Referring to FIG. 2, in some exemplary embodiments, the air in the 

chamber 102 is cooled by, for example, an evaporator unit 220. Air from the chamber 

102 is drawn into the plenum 112 by the mixing blower 116, where the evaporator 220 

cools the air. In these embodiments, the air entering the plenum 112 is cooled by the 
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evaporator 220 mechanically, i.e., by a refrigeration cycle operating in concert with the 

evaporator 220. The mechanical refrigeration cycle components are indicated generally 

by 222. Refrigerant in the refrigeration cycle is transported from the remainder of the 

refrigeration cycle 222 through the wall of the chamber 102 via a pipe or tubing 224, and 

into the evaporator 220. The transport of the refrigerant is controlled by the system 

controller 136 via a control signal on signal line 231 as shown in FIG. 2. As the 

refrigerant enters the evaporator 220, it evaporates, thus cooling the air flowing along the 

outer surface of the evaporator 220. 

[0047] According to exemplary embodiments, the control process or function 

generates a cooling control signal on signal line 231 to command cooling as required via 

the refrigeration cycle 222. The control signal can command the cycle 222 between on 

and off states such that the flow of refrigerant switches between flowing and not flowing, 

or it may adjust the flow rate of the refrigerant to adjust the cooling. 

[0048] In the embodiments described above, the DUT temperature sensor 106 

is disclosed as being a contact temperature sensor in direct contact with or immediately 

adjacent to the DUT 104 such that temperature of the DUT 104 is sensed directly. 

According to the disclosure, other non-contact types of temperature sensors can be used 

to sense the temperature of the DUT 104 directly. For example, temperature of the DUT 

104 may be sensed directly using an infrared temperature sensor, which can be located 

some distance from the DUT 104 and does not make contact with the DUT 104. The 

infrared temperature sensor of these embodiments may be located inside the chamber or 

outside the chamber. 

[0049] FIGs. 3 through 6 are schematic block diagrams of environmental 

chamber systems which use remote sensors such as infrared temperature sensors to 

directly sense the temperature of the DUT 104. In any of the embodiments described 

herein, the infrared temperature sensor may be of the type manufactured and sold by 

Exergen Corporation of Watertown, Massachusetts, USA. Other types of infrared 

temperature sensors may be used according to the disclosure. The sensed temperature of 

the DUT 104 is used as described in detail above to adjust temperature and/or humidity 

inside the chamber such that condensation at or near the DUT is eliminated or 

substantially reduced. 

[0050] FIG. 3 contains a schematic block diagram of an environmental 

chamber system 300 using a remote, non-contact DUT temperature sensor 306, according 
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to other exemplary embodiments. The chamber system 300 of FIG. 3 is the same as the 

chamber system 100 of FIG. 1 except that that chamber system 300 of FIG. 3 uses a 

remote, non-contact infrared DUT temperature sensor 306 instead of the contact 

temperature sensor 106 in the embodiment of FIG. 1. Elements of the embodiments of 

FIG. 3 that are the same as elements of the embodiments of FIG. 1 are identified by like 

reference numerals. Detailed description of these like elements will not be repeated. 

[0051] Referring to FIG. 3, the infrared DUT temperature sensor 306 is 

positioned and directed such that the DUT 104 is within the field of view of the infrared 

DUT temperature sensor 306, such that the infrared DUT temperature sensor 306 directly 

senses the temperature of the DUT 104. The sensor 306 generates a signal indicative of 

the sensed temperature of the DUT 104 and forwards the signal on signal line 307 to the 

controller 136, which uses the signal as described above in detail to adjust temperature 

and/or humidity inside the chamber 102 such that condensation at or near the DUT 104 is 

eliminated or substantially reduced. 

[0052] FIG. 4 contains a schematic block diagram of an environmental 

chamber system 400 using a remote, non-contact DUT temperature sensor 406, according 

to other exemplary embodiments. The chamber system 400 of FIG. 4 is the same as the 

chamber system 200 of FIG. 2 except that that chamber system 400 of FIG. 4 uses a 

remote, non-contact infrared DUT temperature sensor 406 instead of the contact 

temperature sensor 106 in the embodiment of FIG. 2. Elements of the embodiments of 

FIG. 4 that are the same as elements of the embodiments of FIG. 2 are identified by like 

reference numerals. Detailed description of these like elements will not be repeated. 

[0053] Referring to FIG. 4, the infrared DUT temperature sensor 406 is 

positioned and directed such that the DUT 104 is within the field of view of the infrared 

DUT temperature sensor 406, such that the infrared DUT temperature sensor 406 directly 

senses the temperature of the DUT 104. The sensor 406 generates a signal indicative of 

the sensed temperature of the DUT 104 and forwards the signal on signal line 407 to the 

controller 136, which uses the signal as described above in detail to adjust temperature 

and/or humidity inside the chamber 102 such that condensation at or near the DUT 104 is 

eliminated or substantially reduced. 

[0054] FIG. 5 contains a schematic block diagram of an environmental 

chamber system 500 using a remote, non-contact DUT temperature sensor 506, according 

to other exemplary embodiments. The chamber system 500 of FIG. 5 is the same as the 
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chamber system 300 of FIG. 3 except that, in the chamber system 500 of FIG. 5, the 

remote non-contact infrared DUT temperature sensor 506 is outside the chamber 502, in 

contrast to the system 300 of FIG. 3 in which the infrared DUT temperature sensor 306 is 

inside the chamber 102. Elements of the embodiments of FIG. 5 that are the same as 

elements of the embodiments of FIG. 3 are identified by like reference numerals. 

Detailed description of these like elements will not be repeated. 

[0055] Referring to FIG. 5, the infrared DUT temperature sensor 506 is 

positioned and directed such that the DUT 104 is within the field of view of the infrared 

DUT temperature sensor 506 through an infrared-transparent window 509 in the chamber 

502, such that the infrared DUT temperature sensor 506 directly senses the temperature of 

the DUT 104. The sensor 506 generates a signal indicative of the sensed temperature of 

the DUT 104 and forwards the signal on signal line 507 to the controller 136, which uses 

the signal as described above in detail to adjust temperature and/or humidity inside the 

chamber 502 such that condensation at or near the DUT 104 is eliminated or substantially 

reduced. 

[0056] FIG. 6 contains a schematic block diagram of an environmental 

chamber system 600 using a remote, non-contact DUT temperature sensor 606, according 

to other exemplary embodiments. The chamber system 600 of FIG. 6 is the same as the 

chamber system 400 of FIG. 4 except that, in the chamber system 600 of FIG. 6, the 

remote non-contact infrared DUT temperature sensor 606 is outside the chamber 602, in 

contrast to the system 400 of FIG. 4 in which the infrared DUT temperature sensor 406 is 

inside the chamber 102. Elements of the embodiments of FIG. 6 that are the same as 

elements of the embodiments of FIG. 4 are identified by like reference numerals. 

Detailed description of these like elements will not be repeated. 

[0057] Referring to FIG. 6, the infrared DUT temperature sensor 606 is 

positioned and directed such that the DUT 104 is within the field of view of the infrared 

DUT temperature sensor 606 through an infrared-transparent window 609 in the chamber 

602, such that the infrared DUT temperature sensor 606 directly senses the temperature of 

the DUT 104. The sensor 606 generates a signal indicative of the sensed temperature of 

the DUT 104 and forwards the signal on signal line 607 to the controller 136, which uses 

the signal as described above in detail to adjust temperature and/or humidity inside the 

chamber 602 such that condensation at or near the DUT 104 is eliminated or substantially 

reduced. 
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Combinations of Features 
[0058] Various features of the present disclosure have been described above in 

detail. The disclosure covers any and all combinations of any number of the features 

described herein, unless the description specifically excludes a combination of features. 

The following examples illustrate some of the combinations of features contemplated and 

disclosed herein in accordance with this disclosure. 

[0059] In any of the embodiments described in detail and/or claimed herein, 

the controller can include a mathematical filter. 

[0060] In any of the embodiments described in detail and/or claimed herein, at 

least one input signal can include two input signals, the two input signals being indicative 

of humidity and temperature in the chamber. 

[0061] In any of the embodiments described in detail and/or claimed herein, at 

least one control signal can adjust heating in the chamber. 

[0062] In any of the embodiments described in detail and/or claimed herein, at 

least one control signal can adjust cooling in the chamber. 

[0063] In any of the embodiments described in detail and/or claimed herein, at 

least one control signal can be generated to remove moisture from the chamber. 

[0064] In any of the embodiments described in detail and/or claimed herein, at 

least one control signal can be generated to add moisture to the chamber. 

[0065] In any of the embodiments described in detail and/or claimed herein, 

the temperature sensor can contact the DUT inside the chamber. 

[0066] In any of the embodiments described in detail and/or claimed herein, 

the temperature sensor can be an infrared temperature sensor, and the DUT can be within 

a field of view of the infrared sensor. 

[0067] In any of the embodiments described in detail and/or claimed herein, 

the infrared sensor can be inside the chamber. 

[0068] In any of the embodiments described in detail and/or claimed herein, 

the infrared sensor can be outside the chamber. 

[0069] While the present disclosure has made reference to exemplary 

embodiments, it will be understood by those of ordinary skill in the art that various 

changes in form and details may be made therein without departing from the spirit and 

scope of the present disclosure as defined by the following claims. 
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