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TEST SYSTEM WITH LOCALIZED HEATING AND METHOD OF

MANUFACTURE THEREOF

TECHNICAL FIELD

[0001] The present invention relates generally to a test system, and more particularly to a

system for localized heating of a test system.

BACKGROUND ART

[0002] Integrated circuits and integrated circuit systems can be found in a multitude of

electronic devices, such as smart phones, digital cameras, location based devices, portable

music players, printers, computers, etc. Some of the many challenges faced by the integrated

circuit industry in producing these integrated circuits include designing faster, more reliable,

and higher-density circuits at a lower cost.

[0003] During operation, these integrated circuits can be exposed to extreme temperature

environments and/or generate their own undesirable heat profile that can interfere with the

operation of the device itself and/or proximately located integrated circuits. Unfortunately, as

modern consumer electronics continue to shrink and operate at continually increasing

frequencies, the heat generated by these devices continues to increase as well.

[0004] Typically, before an integrated circuit reaches a customer, the integrated circuit

manufacturer conducts a series of tests to verify that the integrated circuit operates according

to some specification. Accordingly, the electronics industry has developed operational

testing procedures to evaluate the structural integrity and heat tolerance of these circuits.

Generally, in order to perform operational testing in integrated circuits, the DUT (Device

Under Test) can be exercised through a range of temperatures. The larger the temperature

range, the more useful the testing becomes. For flash type integrated circuits, higher

temperatures (>85°C) accelerate device test time and wear to prove endurance and retention

algorithms. For ASICs, higher temperatures can either test a device to determine if it can

operate at a temperature higher than specified (i.e., for industrial and/or defense applications)

or determine the device's operating margin.

[0005] Unfortunately, a problem arises when taking the device tester through these extreme

temperature profiles (e.g., greater than 80°C ambient), as permanent damage to the tester



itself can occur. Typical test systems can include environmental chambers, which house the

entire test fixture, forced air systems with a custom hood, or automatic test equipment (ATE)

with special ovens and heating fixtures.

[0006] Environmental chambers are costly options that consume large amounts of bench

space and electricity. Environmental chambers also suffer from significant temperature

variation between the PID (Proportional-Integral-Derivative) loop thermocouple and the

DUT case temperature. Additionally, the maximum temperature of this system is limited to

the maximum operating temperature of the tester components (typically 70°C to 85°C).

Furthermore, the ramp rate of an environmental chamber is usually limited to avoid damage

to the solder connections.

[0007] Forced-air systems share similar issues with environmental chambers while also

possessing the additional burden of greater expense, complicated hoods, and substantial

operating costs due to clean, dry air requirements. Moreover, a typical forced-air setup

usually manages only four (4) devices depending on the air supply.

[0008] Although, ATE systems can be used for high temperature testing, ATE systems are

extremely expensive and generally only accommodate between one (1) to four (4) devices at

a time and are not intended for extended duration tests.

[0009] Thus, a need still remains for a reliable test system and method of fabrication,

wherein the test system provides a cost effective high temperature testing procedure for

electronic devices. In view of the ever-increasing commercial competitive pressures, along

with growing consumer expectations and the diminishing opportunities for meaningful

product differentiation in the marketplace, it is critical that answers be found for these

problems. Additionally, the need to reduce costs, improve efficiencies and performance, and

meet competitive pressures adds an even greater urgency to the critical necessity for finding

answers to these problems.

[0010] Solutions to these problems have been long sought but prior developments have not

taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilled in the art.

DISCLOSURE OF THE INVENTION

[0011] The present invention provides a method of manufacture of a test system including:

providing a thermal management head including a heat spreader; placing the heat spreader in



direct contact with an electronic device; and transferring energy between the heat spreader

and the electronic device by altering an electrical current.

[0012] The present invention provides a test system, including: a thermal management head

including a heat spreader; an electronic device in direct contact with the heat spreader; and an

electrical current for transferring energy between the heat spreader and the electronic device.

[0013] Certain embodiments of the invention have other steps or elements in addition to or

in place of those mentioned above. The steps or elements will become apparent to those

skilled in the art from a reading of the following detailed description when taken with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1A is a system block diagram of a test system in an embodiment of the present

invention.

[0015] FIG. IB is an exemplary view of a front panel of the test system.

[0016] FIG. 1C is an exemplary view of a back panel of the test system.

[0017] FIG. 2 is an exemplary top view of the test system.

[0018] FIG. 3 is an exemplary end view of the test system.

[0019] FIG. 4 is an exemplary exploded view of a thermal management head in the test

system.

[0020] FIG. 5 is an exemplary top view of the test system in a stage of manufacture.

[0021] FIG. 6 is a flow chart of a method of manufacture of a test system in a further

embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] The following embodiments are described in sufficient detail to enable those skilled

in the art to make and use the invention. It is to be understood that other embodiments would

be evident based on the present disclosure, and that system, process, or mechanical changes

may be made without departing from the scope of the present invention.

[0023] In the following description, numerous specific details are given to provide a

thorough understanding of the invention. However, it will be apparent that the invention may

be practiced without these specific details. In order to avoid obscuring the present invention,

some well-known circuits, system configurations, and process steps are not disclosed in

detail.



[0024] The drawings showing embodiments of the system are semi-diagrammatic and not to

scale and, particularly, some of the dimensions are for the clarity of presentation and are

shown exaggerated in the drawing FIGs. Similarly, although the views in the drawings for

ease of description generally show similar orientations, this depiction in the FIGs. is arbitrary

for the most part. Generally, the invention can be operated in any orientation.

[0025] Where multiple embodiments are disclosed and described having some features in

common, for clarity and ease of illustration, description, and comprehension thereof, similar

and like features one to another will ordinarily be described with similar reference numerals.

The embodiments have been numbered first embodiment, second embodiment, etc. as a

matter of descriptive convenience and are not intended to have any other significance or

provide limitations for the present invention.

[0026] For expository purposes, the term "horizontal" as used herein is defined as a plane

parallel to the plane or surface of the medium upon which the test system is placed,

regardless of its orientation. The term "vertical" refers to a direction perpendicular to the

horizontal as just defined. Terms, such as "above", "below", "bottom", "top", "side" (as in

"sidewall"), "higher", "lower", "upper", "over", and "under", are defined with respect to the

horizontal plane, as shown in the figures.

[0027] The term "on" means that there is direct contact between elements.

[0028] The term "processing" as used herein includes deposition of material or photoresist,

patterning, exposure, development, etching, cleaning, and/or removal of the material or

photoresist as required in forming a described structure.

[0029] The terms "example" or "exemplary" are used herein to mean serving as an instance

or illustration. Any aspect or embodiment described herein as an "example" or as

"exemplary" is not necessarily to be construed as preferred or advantageous over other

aspects or designs.

[0030] The terms "first" and "second" as used herein are for purposes of differentiation

between elements and/or embodiments only and are not to be construed as limiting the scope

of the present invention.

[0031] Objects described herein as being "adjacent" each other may be in close proximity to

each other, e.g., separated only by the minimum distance required by the current technology

node, or in the same general region or area as each other, as appropriate for the context in

which the phrase is used.

[0032] Generally, the test system and its constituent components described herein can

operate together to provide localized heating and cooling of an electronic structure to induce



thermal fatigue. In such cases, the test system described herein can replace a conventional

oven by providing spot heating/cooling to parts of an integrated circuit, circuit board, or

electrical system so the testing of electrical components and systems can be accelerated; e.g.,

ten years of lifetime usage can be compressed into one hundred hours of testing because the

devices or parts of it are heated to the extreme of their operating range to age the devices.

[0033] In at least one embodiment, the test system and its constituent components heat a

drive by conduction. Normally, an SSD (Solid State Drive) will stop working when heated

past a given temperature, so it is not advisable to heat the entire drive for high temperature

testing. Instead, the present embodiments heat a heat spreader that can be custom made to

clamp onto the electronic structure on both sides of a PCB (Printed Circuit Board). As such,

the other drive level components do not experience the high temperatures thereby saving

them from failure. Thermal elements, under a PID controller, are fastened with thermal and

mechanical interfaces to the heat spreader to bring all the drive's targeted electronic devices

to the appropriate temperature. Cooling holes can also be designed into the heat spreader for

either forced air cooling, under PID control, or by convection. Additionally, a Peltier cooler

can be thermally connected to the test system to implement heating and/or cooling under PID

control.

[0034] In at least one embodiment, the test system described herein can produce as much as

a 50° C difference in temperature between the DUT and the PCB by attaching a single

thermal management head to provide spot heating and cooling over a range of about 0-125° C

with a heating rate in excess of 7° C per minute.

[0035] In general, by using a heat spreader, it is possible to heat test selective chips on a

PCB as well as provide a heating gradient on a single chip to allow different parts of a

package chip to be tested. For example, the CPU (Central Processing Unit) could be tested

separately from the cache to simulate the hot spots that develop on integrated circuit chips

such as microprocessors. Therefore, in addition to being able to test different areas of a PCB

with different temperatures, it is also possible to achieve gradient temperature profiles within

an individual integrated circuit. All this can be accomplished while keeping the controller in

an ambient environment. In addition, the present invention requires the use of less energy

because the energy is being applied selectively for heating and cooling into very small areas

established by the size of the heat spreader.

[0036] Referring now to FIG. 1A, therein is shown a system block diagram of a test system

100 in an embodiment of the present invention. The test system 100 can include a localized

heater and a thermal management head 102. The system block diagram depicts the localized



heater's electrical operation and its interfaces to the thermal management head 102, which

will be described in more details in FIG. 4 .

[0037] This drawing is a depiction of a localized heating system shown as major

components including an oven or the thermal management head 102 as an example of an

embodiment of the invention and a control unit 104. The oven is shown as an exploded view

and with its interfaces to the control unit 104. The control unit 104 is shown with its front

and back panels, which include oven and user interfaces. Also included is a portion of a test

platform that includes DUTs to show one of intended applications of the localized heater.

[0038] The test system 100 can include a PID controller (not shown) in the control unit 104,

a temperature indicator (not shown) in an indicator unit 106, and their related electrical

circuits to monitor and control the localized heater. The PID controller can include interfaces

to support the operation of a control network, thermocouple/sensor interface and a solid state

relay interface. The PID controller can be electrically connected to other components in the

control unit 104 including RJ45 jacks (not shown), a solid state relay (not shown), a

protective fuse (not shown), a heater jack (not shown), and thermocouple jacks (not shown).

[0039] The RJ45 jacks are intended to connect the PID controller to a network including an

RS485 network. The PID controller can be operated by a front panel (not shown) of a device

including the PID controller or remotely using the RJ45 jacks connected to a host computer

(not shown) external to the control unit 104. The solid state relay interfaces with the PID

controller to provide a heating element (not shown), in the thermal management head 102,

with power in a precise controlled manner. The protective fuse can be added for safety.

[0040] The PID controller can also include inputs from a temperature sensor (not shown), in

the thermal management head 102, to complete a control loop. These can be connected using

the thermocouple jacks. It will be appreciated by those skilled in the art that in at least one

embodiment, thermocouple connections from the temperature sensor to the PID controller be

the same metals as used in a thermocouple or the temperature sensor itself.

[0041] The heater jack provides a modulated power to operate a heater or the heating

element and a neon lamp indicator (not shown), in the thermal management head 102. It will

be appreciated by those skilled in the art that in at least one embodiment, a series resistor can

be connected to the neon lamp indicator. The control loop including a PID control loop can

be closed by the heater being attached to a heat slug (not shown), in the thermal management

head 102. The heat slug can include the thermocouple embedded in or attached to the heat

slug.



[0042] The temperature indicator and its related electrical circuits can be added to the

controller or the indicator unit 106 for safety and redundant temperature monitoring. The

temperature indicator can include interfaces to support a 24-volt (24V) supply to operate an

external circuitry, a thermocouple or sensor interface, and a normally open switch contact for,

when closed, indicating an alarm condition as detected by the temperature indicator.

[0043] Programming the temperature indicator can enable the detection of an alarm

condition as required by the user. Once the alarm condition is detected by the temperature

indicator, it can activate the appropriate portion of a latching relay (not shown) in the

indicator unit 106. The latching relay in turn can disconnect power to the PID controller.

Once power is removed from the PID controller, there can be no power to heating/cooling

elements thereby preventing equipment damage.

[0044] Circuits associated with the temperature indicator can be included in the indicator

unit 106. A first light-emitting diode (LED) (not shown), in the indicator unit 106, can

visually indicate that the controller is operating normally. For example, the first LED can be

a green LED. A resistor/diode pair (not shown), in the indicator unit 106, can be included to

suppress inductive kickback that occurs when operating the latching relay including a dual

latching relay, which indicates one of two states —normal and alarm.

[0045] A resistor/diode pair (not shown), in the indicator unit 106, can suppress inductive

kickback on the other coil from the latching relay. A second LED (not shown), in the

indicator unit 106, is a visual indicator that indicates an alarm condition. For example, the

second LED can be a red LED.

[0046] A buzzer (not shown), in the indicator unit 106, is an audible indicator of an alarm

condition. For example, the buzzer can be a Peizo buzzer. A third LED (not shown), in the

indicator unit 106, is a visual indicator to show if the buzzer is enabled. For example, the

third LED can be an amber LED.

[0047] A first switch (not shown), in the indicator unit 106, allows the user to enable or

disable an audible alarm or the buzzer. If the audible alarm is disabled, then the first switch

can power the third LED to show that the audible alarm is disabled. A second switch (not

shown), in the indicator unit 106, can be operated by the user to reset an alarm condition

detected by the temperature indicator. The alarm condition cannot be cleared if an alarm

event detected by the temperature indicator has not been resolved.

[0048] The temperature indicator can include a sensor input. The sensor and related wiring

can include a second thermocouple jack (not shown), in the indicator unit 106, and a

thermocouple plug (not shown) and a second temperature sensor or thermocouple (not



shown), both in the indicator unit 106. The test system 100 can include a power unit 108,

which is a power system that includes a switched power entry module, a protection fuse, and

a power filter for purposes of supplying an alternating current (AC) power to the entire

system.

[0049] Referring now to FIG. IB, therein is shown an exemplary view of a front panel 109

of the test system 100. FIG. IB depicts the exemplary view in at least one embodiment at the

system level. The front panel 109 is the front panel previously described.

[0050] The test system 100 can include a localized heater oven (not shown) having

components to directly heat electrical components to a high temperature. For example, two

localized heater ovens can be mounted to a printed circuit board (PCB) (not shown). The

localized heater ovens can house the DUTs. The circuit board can then be mounted to a test

fixture (not shown). The localized heater oven can be connected to a localized heater control

box back panel (not shown). Electrical interfaces (not shown) can be provided in the test

system 100 from the localized heater oven to the back panel.

[0051] The localized heater oven's main components can include a nichrome strip heater

(not shown), thermal interfaces (not shown), a heat slug (not shown) to direct heat to the

DUT in the PCB, an indicator lamp (not shown), and the electrical interfaces. The electrical

interfaces are that of thermocouples that are connected to the thermocouple jacks on the

localized heater control box back panel. One of the electrical interfaces can be connected to a

power jack or a power outlet on the controller back panel.

[0052] One of the thermocouples from the localized heater oven can be connected to a PID

loop controller 110 via one of back panel connectors (not shown). The PID loop controller

110 is the PID controller previously described. The other thermocouple can be connected to

a temperature indicator 112 via one of the back panel connectors. Either thermocouple can

be connected to either the PID loop controller 110 or the temperature indicator 112 for proper

system operation.

[0053] A localized heater controller or the test system 100 can include the front panel 109

and the back panel. The front panel 109 can include the PID loop controller 110, the

temperature indicator 112, a normal system indicator light 114, a silence system indicator

light 116, an alarm system indicator light 118, a silence switch 120, and a reset switch 122.

The PID loop controller 110 can include algorithms and control circuits to monitor and

maintain a desired temperature profile. During normal operations, the normal system

indicator light 114 can be illuminated. The temperature indicator 112 serves as a

programmable alarm function for safety purposes.



[0054] If silence is enabled via the silence switch 120, then the silence system indicator

light 116 can be illuminated. Alarm and safety controls are not affected when silence is

enabled as indicated by the silence system indicator light 116. Only an audible signal can be

muted. When an over temperature event is detected, the temperature indicator 112 can

disable power to the PID loop controller 110 thereby turning off power to the nichrome strip

heater via the power outlet. The alarm system indicator light 118 can then be illuminated and

the normal system indicator light 114 can be extinguished. Once an alarm condition has been

resolved (i.e., over temperature or broken thermocouple), the alarm condition can be reset

using the reset switch 122.

[0055] Referring now to FIG. 1C, therein is shown an exemplary view of a back panel 124

of the test system 100. The back panel 124 can house a power entry module 126, a controlled

heater power outlet 128, a peizo element 130 for alarm, a number of thermocouple jacks 132,

and a number of network interfaces 134. The front panel 109 of FIG. IB and the back panel

124 can be housed with custom or specific circuitry to integrate controllers, including the PID

loop controller 110 of FIG. IB and the temperature indicator 112 of FIG. IB, into the test

system 100.

[0056] The back panel 124 is the back panel previously described. The controlled heater

power outlet 128 is the power jack or the power outlet previously described. The

thermocouple jacks 132 are the thermocouple jacks or the back panel connectors previously

described.

[0057] The back panel 124 can house the electrical interfaces to operate the localized heater

oven. The controlled heater power outlet 128 can be controlled by the PID loop controller

110 and additional custom or specific circuits. The power entry module 126 supplies main

power entirely for the test system 100. The peizo element 130 provides a method to indicate

to the user an audible alarm.

[0058] The thermocouple jacks 132 can be matched to the thermocouples from an oven

assembly or the localized heater oven. The network interfaces 134 including RJ45 jacks

provide a daisy-chained interface to allow a collection of localized heater controllers to be

managed by the host computer. For example, the daisy-chained interface can be an RS485

network interface.

[0059] Referring now to FIG. 2, therein is shown an exemplary top view of the test system

100. In at least one embodiment, the test system 100 can include a thermal management head

202, which includes a thermal management element 204, a heat spreader 206, and an aperture

208. The test system 100 can also include an electronic device 210, a substrate 212, a



controller 214, and a component 216. In this figure, the electronic device 210 is a target for

the localized heater.

[0060] Generally, the thermal management element 204 is thermally engaged with the heat

spreader 206, such as the heat slug. For example, the thermal management element 204 can

be the nichrome strip heater. In such cases, the thermal management element 204 can be in

direct contact or on the heat spreader 206. In at least one embodiment, one or more of a

plurality of the thermal management element 204 can be located on opposing outer surfaces

of the test system 100, outward of the heat spreader 206. It will be appreciated by those

skilled in the art that in at least one embodiment, the thermal management element 204 and

the heat spreader 206 can be replaced by a Peltier device.

[0061] A heating element or the thermal management element 204 can be either a nichrome

wire element or a Peltier junction, as an example. The nichrome wire element can be used in

industrial process controls and can have about 150 watts (W) typical. Higher wattage

elements can be used but the physical size can become difficult to manage. It will be

appreciated by those skilled in the art that in at least one embodiment, it is best to select a

physically small heating element that has a heating side as flat as possible to ensure even and

efficient thermal transfer to the heat spreader 206 including a heat slug. The same rule can be

applied to using the Peltier junction in place of a nichrome heating element. At least one

embodiment can use one or more Peltier junctions sized to the application for the desired

temperature range, physical size, and thermal ramping capabilities.

[0062] In accordance with one or more embodiments, the thermal management element 204

can include a material with one or more of the following properties, such as and not limited to

high thermal conductivity, high electrical resistance, high mechanical strength, and/or a low

coefficient of thermal expansion. In at least one embodiment, the thermal management

element 204 can include a metal or ceramic material with high thermal conductivity that is

connected to an electrical source.

[0063] It will be appreciated by those skilled in the art that the thermal management

element 204 can provide a heating function and/or a cooling function for each of the

electronic device 210. By way of example, electrical resistance within the thermal

management element 204 can provide the energy source for heating and convective currents

could provide cooling. In another example, one or more Peltier devices can provide the

heating and cooling function by methods and techniques well known within the art.

[0064] The heat spreader 206 directly contacts or can be formed on the electronic device

210. By forming the heat spreader 206 in direct contact or on the electronic device 210, a



precise, localized and direct heating of the electronic device 210 can occur without heating

other structures to the same extremes (e.g., adjacent test equipment or a PCB). In at least one

embodiment, one or more of the heat spreader 206 can be located inward (i.e., toward the

midline of the test system 100) of the thermal management element 204. Stated another way,

the heat spreader 206 can be located between and in direct contact with both the thermal

management element 204 and the electronic device 210.

[0065] The heat spreader 206 can include any material with a high thermal conductivity

and/or a low coefficient of thermal expansion. However, it is to be understood that the heat

spreader 206 is not limited to such characteristics and the heat spreader 206 can include any

material that effectively transmits thermal energy between the electronic device 210 and the

thermal management element 204 and/or the ambient surroundings.

[0066] One or more of the aperture 208 can be formed within the heat spreader 206 and can

pass partially or entirely through the heat spreader 206. In the illustrated embodiment, the

aperture 208 is depicted as round in shape; however, it is not limited to such shape and can

include any rectilinear or curvilinear shape. In at least one embodiment, the aperture 208 can

provide a cooling effect via convection by introducing a fluid (e.g., air or liquid) through the

aperture 208. Moreover, it will be appreciated by those skilled in the art that the aperture 208

can be omitted from the test system 100 design if the thermal transfer requirements do not

call for its existence.

[0067] In general, FIG. 2 illustrates an apparatus for controlling the temperature of the

electronic device 210, such as an integrated circuit, a DUT, or a socket used in the testing of

the electronic device 210. In at least one embodiment, the electronic device 210 can include

an ASIC (Application Specific Integrated Circuit), a flash device, or a flip-chip device or

package. In other embodiments, the electronic device 210 can include any number of

integrated circuit devices or packages, such as but not limited to, memory circuits, logic

circuits, analog circuits, digital circuits, passive circuits, RF circuits, or a combination

thereof, for example. Moreover, it is to be understood that the electronic device 210

described herein can be used within processor components, memory components, logic

components, digital components, analog components, mixed-signal components, power

components, radio-frequency (RF) components, digital signal processor components, micro-

electromechanical components, optical sensor components, or a combination thereof, in

numerous configurations and arrangements as may be needed.



[0068] However, it is to be understood that the preceding examples are not meant to be

limiting and the electronic device 210 can include any type of device that requires thermal

testing.

[0069] In general, the test system 100 can process between one (1) and sixteen (16) of the

electronic device 210 at a time. However, it will be appreciated by those skilled in the art

that more of the electronic device 210 could be processed at one time if design specifications

require.

[0070] The electronic device 210 can be mounted on or placed in electrical connection with

the substrate 212. Generally, the substrate 212 can include a PCB, a carrier substrate, an

interposer, a semiconductor substrate with electrical interconnections, a ceramic substrate, a

wafer-level packaging substrate, or a multi-layer structure (e.g., a laminate with one or more

conductive layers separated by an insulator) suitable for electrically interconnecting

integrated circuit systems formed on, above, and/or in electrical interconnection with the

substrate 212 to external electrical circuits. In some embodiments, the substrate 212 can

include PCBs commonly used in hard drives or solid state drives. However, the examples

provided for the substrate 212 are not to be construed as limiting and the composition of the

substrate 212 can include any surface, material, configuration, or thickness that physically

and electrically enables the formation or testing of active and/or passive device structures

affixed thereto.

[0071] In at least one embodiment, one or more of each of the thermal management element

204, the heat spreader 206, and the electronic device 210 can be located on opposing sides of

the substrate 212. However, it will be understood that the test system 100 can be practiced

with just the thermal management element 204, the heat spreader 206, and the electronic

device 210 on one side of the substrate 212.

[0072] The substrate 212 can further include the controller 214. The controller 214 can be

in electrical connection with the substrate 212, the thermal management element 204, and/or

the electronic device 210. In at least one embodiment, the controller 214 can include various

interface and control circuits for communication between the test system 100 and external

circuits. By way of example, logic circuits and peripheral buses can be commonly employed

in the controller 214 electronics.

[0073] In some embodiments, the controller 214 can include electronics that bridge a

memory structure with a host computer and can perform various functions such as, error

correction, read/write caching, and encryption.



[0074] In other embodiments, the controller 214 can also include a PID controller for

controlling the temperature of the thermal management element 204 and the heat spreader

206, an over temperature power cut off controller, an audible alarm for overheat conditions,

and/or high current relays for controlling the thermal management element 204 and the heat

spreader 206. In such cases, it will be appreciated by those skilled in the art that a PID

controlled system can be very effective at maintaining the desired temperature during steady

state operating conditions via a feedback control loop. In general, the PID controller can

sample a temperature signal and produce a desired correction signal at least once per second

to ensure precise heating of the electronic device 210.

[0075] In other embodiments, the controller 214 can include a controller ASIC.

[0076] In yet other embodiments, additional circuitry can be added to the controller 214 to

latch an alarm condition, to provide an audible alert, to drive panel indicators, to enable alarm

silence, and to enable an alarm reset function.

[0077] Additionally, the substrate 212 can also include further space for other electronic

structures such as the component 216 that can be needed for the operation of the electronic

device 210, the substrate 212, and/or the controller 214. Generally, the component 216 can

include one or more active devices, passive devices, resistors, capacitors, inductors, filters or

a combination thereof, vertically stacked or located within the same plane.

[0078] A second component 218 can be in the same category as the component 216. For

example, the second component 218 can be a passive device, a semiconductor, or other

devices used to operate and/or monitor the heating fixture.

[0079] It has been discovered that high temperature testing (e.g., testing in excess of 70° C)

of one or more of the electronic device 210 can achieve a reduction in test duration with the

embodiments described herein. For example, with the localized high temperature testing

embodiments described herein, high temperature testing can be accelerated by a factor of at

least two (2) for every 10° C increase. Additionally, with the localized high temperature

testing embodiments described herein, there is the ability to high temperature test above the

manufacturer's specifications to determine new operating limits for ASIC devices. Moreover,

with the localized high temperature testing embodiments described herein, one can high

temperature test in a finished product while only heating the DUT for both flash and ASIC

circuits.

[0080] It has also been discovered that faster/higher ramp rates can be used due to the

localized high temperature heating embodiments described herein. By way of example and

not by limitation, it has been found that ramp rates in excess of seven (7) degrees Celsius per



minute are possible since solder joints are not exposed to extreme temperatures.

Additionally, such rapid heating and cooling can enable more accurate flash characterization

measurements. Typically, conventional ovens cycle at a rate of 2° C per minute. The

statements of this paragraph depend on which embodiments of the present invention we are

using. The embodiments referred to in FIG. 4 and FIG. 5 apply here.

[0081] It has also been discovered that a reduced bench footprint can be achieved by

utilizing the test system 100 described herein. Generally, the perimeter dimensions of the

thermal management element 204 and the heat spreader 206 can approximate the boundary

dimensions of one or more of the electronic device 210. In at least one embodiment, the test

system 100 can test sixteen of the electronic device 210 (using four setups each containing

four of the electronic device 210), while only requiring a twelve (12) inch by twelve (12) inch

bench space. Conventional ovens typically require a four (4) foot by four (4) foot bench

space or footprint.

[0082] For example, referring to FIG. 2 and FIG. 3, each setup here can test up to 16 DUTs,

which can be a typical configuration found on a solid state drive (SSD). Also for example,

FIG. 4 and FIG. 5 are shown in an embodiment that can test up to 16 DUTs in sockets instead

of directly soldered.

[0083] Thus, it has been discovered that the test system 100 of the present invention

furnishes important and heretofore unknown and unavailable solutions, capabilities, and

functional aspects for localized heating of the electronic device 210.

[0084] Referring now to FIG. 3, therein is shown an exemplary end view of the test system

100. In at least one embodiment, the test system 100 can include the thermal management

head 202, the thermal management element 204, the heat spreader 206, the aperture 208, the

electronic device 210, the substrate 212, the controller 214, and the component 216. In

accordance with this embodiment, a driving device 302 can be oriented to move a fluid

medium, such as air, through a major or minor axis of the aperture 208 to modulate the

temperature within the heat spreader 206. In such cases, the driving device 302 can include a

fan.

[0085] It has been discovered that the thermal management head 202 helps to protect

adjacent test system equipment and any accompanying circuits, structures, and devices from

high heat exposure due to the precise, localized heating of the thermal management head 202.

As such, the test system and/or the test system equipment remain at a lower temperature

during testing, thereby extending the life of the test equipment.



[0086] It has also been discovered that the design of the test system 100 permits a reduction

in operating cost as compared to traditional test systems. By way of example, the average

power consumption by the test system 100 running at 125° C is 50 Watts, with a peak of 165

Watts. Additional cost savings also result from the test system 100 not requiring a

compressed air source.

[0087] Thus, it has been discovered that the test system 100 of the present invention

furnishes important and heretofore unknown and unavailable solutions, capabilities, and

functional aspects for localized heating of the electronic device 210.

[0088] Referring now to FIG. 4, therein is shown an exemplary exploded view of a thermal

management head 402 in the test system 100. The thermal management head 402 is the

thermal management head 102 of FIG. 1. In at least one embodiment, the thermal

management head 402 can include the thermal management element 204 with a first surface

410 and a second surface 412 opposing the first surface 410, the heat spreader 206 having

projections 414 and a heater mounting surface 408, a sensor 404, a power connector 406, a

thermal interface 416, a clamping plate 418, a thermally insulative mounting substrate 420,

and a safety cage 422.

[0089] In general, the thermal management head 402 can include one or more of the sensor

404 and one or more of the power connector 406. In at least one embodiment, the sensor 404

can include a thermocouple. In such cases, the thermocouple can be located adjacent or on

the first surface 410 of the heat spreader 206 or embedded in the heat spreader 206 (i.e., a

region adjacent, proximate or in direct contact with the electronic device 210, of FIG. 2) to

get as close as possible to the electronic device 210, thereby reducing error. However, it will

be appreciated by those skilled in the art that the sensor 404 need not be limited to a

thermocouple and can include any apparatus used for measuring heat transfer or temperature.

[0090] Further, it will be appreciated by those skilled in the art that temperature control of

the test system 100 and/or the thermal management head 402 can be further improved by

connecting the sensor 404 to an external PID loop controller. By providing the sensor 404,

information can be communicated to the controller 214, of FIG. 2, about the energy transfer

between the heat spreader 206 and the electronic device 210. In at least one embodiment, a

redundant controller or another of the controller 214 and a redundant sensor or another of the

sensor 404 can be added for safety.

[0091] In general, the thermal management element 204 is powered by an electrical source

or current supplied via the power connector 406; however, the power connector 406 is not to

be limited to such a connection and can include any connection that heats or cools the thermal



management element 204. It will be appreciated by those skilled in the art that the energy

transferred between the heat spreader 206 and the electronic device 210 can be modulated by

altering the electrical current supplied to the thermal management element 204 via the power

connector 406.

[0092] In at least one embodiment, the thermal management element 204 can include any

commercially available nickel/chrome wire-based ceramic heating element.

[0093] Formed adjacent or in direct contact with the first surface 410 of the thermal

management element 204 is the heat spreader 206. In at least one embodiment, the heat

spreader 206 can include a small thermal mass thereby enabling quick heating and cooling as

required by a flash or ASIC test specification. In some embodiments, the heat spreader 206

can include the projections 414. In such cases, the heat spreader 206 can include four (4)

separate rectilinear projections or the projections 414, each configured to directly contact a

corresponding one of the electronic device 210. However, it is to be understood that the

number and shape of the projections 414 depicted is not limiting and the projections 414 can

include any number, size, shape, or pattern as required by the design specifications. In

general, each of the projections 414 should be designed or configured to permit the greatest

possible surface area contact or interface between the electronic device 210 and the

projections 414.

[0094] In at least one embodiment, cooling of the heat spreader 206 can be done by

convection with the ramp down controlled by a PID controller. It will be appreciated by

those skilled in the art that the heat spreader 206 can be designed to allow even heating

between adjacent and/or proximate DUTs for greater flash testing accuracy, for example.

[0095] Formed around the heat spreader 206 and in contact with the thermal management

element 204 is the heater mounting surface 408. The thermal management element 204 can

be mounted to the heater mounting surface 408 for mechanical support. In at least one

embodiment, the thermally insulative mounting substrate 420 can stop heat from radiating

outward from portions of the thermal management element 204 not covered by the heat

spreader 206. In such cases, the thermally insulative mounting substrate 420 can include an

FR4 substrate; however, the thermally insulative mounting substrate 420 is not to be limited

to such a substance and can include any material that retards the dissipation of heat from the

thermal management element 204.

[0096] Formed adjacent or in direct contact with the second surface 412 of the thermal

management element 204 is the thermal interface 416, and formed adjacent or in direct

contact with the thermal interface 416 is the clamping plate 418. The thermal interface 416 is



the thermal interfaces described above. The thermal interface 416 can include any thermally

conductive material and the clamping plate 418 acts as a secondary heat spreader, which can

include any material with a high thermal conductivity and/or a low coefficient of thermal

expansion. However, it is to be understood that the clamping plate 418 as the second heat

spreader is not limited to such characteristics and the clamping plate 418 can include any

material that effectively transmits thermal energy. It is also understood that the clamping

plate 418 can include fins and projections to dissipate heat more efficiently to enable a more

rapid ramp down from higher temperatures. It will be appreciated by those skilled in the art

that the thermal management element 204 can be built up with the thermal interface 416 and

the clamping plate 418 to help distribute the heat as evenly as possible within the thermal

management element 204.

[0097] It will be appreciated by those skilled in the art that in at least one embodiment, the

clamping plate 418 has two functions. One function is a clamping plate to hold the thermal

management element 204 firmly to the heat spreader 206. The other function is that of a heat

spreader for efficient ramp down of the thermal management element 204.

[0098] In at least one embodiment, the thermal management element 204 can be

compressed between the clamping plate 418 and the heat spreader 206. There can be

additional thermal interfaces between all heating surfaces to aid in the spreading or efficiency

of heat transfer for heating and cooling. The clamping of the thermal management element

204 between the clamping plate 418 and the heat spreader 206 is accurately repeatable and

that sub assembly can be mounted on the thermally insulative mounting substrate 420. This

assembly technique allows the heating assembly, including the heat spreader 206, the thermal

management element 204, and the clamping plate 418, to be easily removed from the

thermally insulative mounting substrate 420 if the thermally insulative mounting substrate

420 needs to be replaced. The thermally insulative mounting substrate 420 may need to be

replaced depending on the material selected and the target test temperatures.

[0099] Generally, the safety cage 422 can enclose the thermal management element 204, a

portion of the heat spreader 206, the sensor 404, the power connector 406, the thermally

insulative mounting substrate 420, the thermal interface 416, and the clamping plate 418. In

such cases, the safety cage 422 can be formed over the thermally insulative mounting

substrate 420 for mechanical support. In at least one embodiment, the safety cage 422 can

include a mesh-like resilient material or a perforated material for dissipation of heat. In

general, the safety cage 422 does not enclose the projections 414.



[0100] The safety cage 422 is designed to keep the user from touching the high temperature

elements and high voltage connections. All components within and attached to the safety

cage are rated for high temperatures. In at least one embodiment, the safety cage 422 can

include a pilot lamp to indicate to the user that the heating element is electrically active. In

general, the safety cage 422 is designed with appropriate ventilation allowing the thermal

management head 402 to cool itself by convection.

[0101] In general, the embodiments disclosed herein teach forming the heat spreader 206 as

a thermally conductive element in direct contact with the top of the electronic device 210. By

forming the heat spreader 206 in direct contact with the electronic device 210, precise

localized temperature control of the DUT or of the electronic device 210 can be achieved.

[0102] It has been discovered that the thermal management head 402 can provide a low

cost, simple heating mechanism. In some embodiments, the equipment cost to test up to four

(4) of the electronic device 210 with the thermal management head 402 is about $1,000 US

Dollars. In general, the heat spreader 206 can be made to match any open-top style socket,

DUT, or electrical device attached to a PCB. In some embodiments, the heat spreader 206

can also be designed to provide precise local heating to the exact size of the electronic device

210, die, or package. In other embodiments, the heat spreader 206 can also be designed to

provide precise local heating to a specific area of the electronic device 210, die, or package.

[0103] It has been discovered that the thermal management head 402 can provide an

improved thermal transfer method and system. By way of example, the localized heat

transfer system of the present embodiments improves both DUT-to-DUT temperature

variances (i.e., heating is more even between adjacent DUTs) and DUT-to-thermocouple

temperature variances (i.e., DUT temperature as measured by the PID controller) because

temperatures are more tightly controlled.

[0104] Thus, it has been discovered that the localized heat system of the present

embodiments furnishes important and heretofore unknown and unavailable solutions,

capabilities, and functional aspects for localized heating of devices.

[0105] Referring now to FIG. 5, therein is shown an exemplary top view of the test system

100 in a stage of manufacture. FIG. 5 can also be employed for general test usage, method,

or system. For example, this figure shows four ovens or four of the thermal management

head 402 from FIG. 4 as implemented on a test fixture. The substrate 212 can be electrically

connected and/or physically connected to a test system board 502. This embodiment depicts

four of the thermal management head 402 in place on top of a test structure or the test system

board 502.



[0106] Generally, the thermal management head 402 is placed over and in direct contact

with each of the electronic device 210. It will be appreciated by those skilled in the art that

the test system 100 of the present embodiment depicts a tester wherein up to sixteen of the

electronic device 210 can be tested in a 4X4 array or orientation (e.g., a single four (4) unit

setup with each unit containing four (4) of the electronic device 210).

[0107] It has been discovered that the thermal management head 402 helps to protect the

test system board 502 and it accompanying circuits, structures, and devices from high heat

exposure. As such, the testing equipment of the test system 100 and/or the test system board

502 remain at a lower temperature during testing, thereby extending the life of the test

equipment.

[0108] It has also been discovered that the design of the test system 100 permits a reduction

in operating cost as compared to traditional tester systems. By way of example, the average

power consumption by the test system 100 running at 125° C is 50 Watts, with a peak of 165

Watts. Additional cost savings also result from the test system 100 not requiring a

compressed air source.

[0109] Thus, it has been discovered that the test system 100 of the present invention

furnishes important and heretofore unknown and unavailable solutions, capabilities, and

functional aspects for localized heating of the electronic device 210.

[0110] Referring now to FIG. 6, therein is shown a flow chart of a method 600 of

manufacture of a test system in a further embodiment of the present invention. The method

600 includes: providing a thermal management head including a heat spreader in a block 602;

placing the heat spreader in direct contact with an electronic device in a block 604; and

transferring energy between the heat spreader and the electronic device by altering an

electrical current in a block 606.

[0111] Accordingly, it has been discovered that the present embodiments thus have

numerous aspects. One such aspect is that the design of the test system provides a simple,

low-cost alternative for localized heating of one (1) to sixteen (16) electronic devices. As

such, the test system of the present embodiments costs less than a standard oven typically

employed to heat DUTs.

[0112] Another aspect of the present embodiments is that the test system described herein is

small enough to test components on both sides of a circuit board at the same time at different

temperatures.

[0113] Another aspect of the present embodiments is that the maximum operating

temperature of the test system described herein is only limited by the melting of the solder



connection between the electronic device and the PCB or substrate. The solder connection

melts due to the heat transfer through the electronic device or integrated circuit from the

thermal management head.

[0114] Another aspect of the present embodiments is that the minimum operating

temperature of the test system described herein is only limited by the heat transfer through

the integrated circuit, which causes the solder to break due to cold stress.

[0115] Another aspect of the present embodiments is the use of a PID controller to

accurately control the temperature and ramp rates of the test system.

[0116] Another aspect of the present embodiments is that a user can network up to 240

units, which can be controlled by a single host computer COM port.

[0117] Another aspect of the present embodiments is the ability to heat to a temperature

above ambient (e.g., up to the temperature limit of the electronic device, the integrated

circuit, the DUT, and/or the socket).

[0118] Another aspect of the present embodiments is that the design of the test system

allows a user to cool the system to a temperature at ambient or with the use of Peltier device,

sub-ambient is possible.

[0119] Another aspect of the present embodiments is that the localized heating of the test

system reduces the occurrence of tester component failure because only the electronic device

is heated. The innovative heat spreader design does not heat surrounding components to the

electronic device temperature.

[0120] Another aspect of the present embodiments is that a redundant controller can be

added for safety.

[0121] Another aspect of the present embodiments is that the compact design of the test

system requires less bench space than a standard oven.

[0122] Another aspect of the present embodiments is that a single four (4) unit setup can

perform the same experiment at four (4) different, similar or equivalent temperatures at once,

providing a complete temperature profile for a given test. Notably, a standard oven can only

operate at one temperature.

[0123] Another aspect of the present embodiments is that a single four (4)-unit setup

consumes less than 600W peak power, as compared to a standard oven, which uses around

1920W peak power.

[0124] The resulting method, process, apparatus, device, product, and/or system is

straightforward, cost-effective, uncomplicated, highly versatile, accurate, sensitive, and



effective, and can be implemented by adapting known components for ready, efficient, and

economical manufacturing, application, and utilization.

[0125] Another important aspect of the present invention is that it valuably supports and

services the historical trend of reducing costs, simplifying systems, and increasing

performance.

[0126] These and other valuable aspects of the present invention consequently further the

state of the technology to at least the next level.

[0127] While the invention has been described in conjunction with a specific best mode, it

is to be understood that many alternatives, modifications, and variations will be apparent to

those skilled in the art in light of the aforegoing description. Accordingly, it is intended to

embrace all such alternatives, modifications, and variations that fall within the scope of the

included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.



What is claimed is:

1. A method of manufacture of a test system comprising:

providing a thermal management head including a heat spreader;

placing the heat spreader in direct contact with an electronic device; and

transferring energy between the heat spreader and the electronic device by altering an

electrical current.

2 . The method of claim 1, further comprising testing the electronic device by increasing

or decreasing the temperature of the electronic device.

3 . The method of claim 1 further comprising heating the electronic device at a ramp rate

of at least seven degrees Celsius per minute.

4 . The method of any of claims 1 - 3, further comprising providing a sensor for

communicating information to a controller about the energy transfer between the heat

spreader and the electronic device.

5 . The method of any of claims 1- 4, wherein providing the thermal management head

including the heat spreader includes providing a Peltier device.

6 . A method of manufacture of a test system comprising:

providing a thermal management head including a heat spreader with a projection;

placing the projection in direct contact with an electronic device; and

transferring energy between the projection and the electronic device by altering an

electrical current.

7 . The method of claim 6, further comprising configuring the heat spreader to include

more than one of the projection.

8. The method of any of claims 6 - 7, wherein placing the projection in direct contact

with the electronic device includes placing the projection in direct contact with an integrated

circuit, a device under test, or a socket.

9 . The method of any of claims 6 - 8, further comprising forming the electronic device

on a substrate.

10. The method of any of claims 6 - 9, further comprising testing the electronic device by



heating or cooling the electronic device.

11. A test system comprising:

a thermal management head including a heat spreader;

an electronic device in direct contact with the heat spreader; and

an electrical current for transferring energy between the heat spreader and the

electronic device.

12. The system of claim 11, wherein the thermal management head includes a thermal

management element in contact with the heat spreader.

13. The system of any of claims 11 - 12, wherein the heat spreader includes an aperture.

14. The system of any of claims 11 - 13, further comprising a sensor for communicating

information to a controller about the energy transfer between the heat spreader and the

electronic device.

15. The system of any of claims 11 - 14, wherein the electronic device is on a substrate.

16. The system of any of claims 11 - 12, wherein the thermal management head includes

the heat spreader with a projection, the projection is in direct contact with the electronic

device.

17. The system of claim 16, wherein the heat spreader includes more than one of the

projection.

18. The system of any of claims 11 - 17, wherein the electronic device includes an

integrated circuit, a device under test, or a socket.

19. The system of any of claims 11 - 18, wherein the thermal management head heats or

cools the electronic device.

20. The system of any of claims 11 - 19, wherein the thermal management head includes

a Peltier device.
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