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Jet Impingement Cooling 
by Using FC-72

Jet impingement is one of the most efficient solutions 
for cooling hot electronic devices, as it can create a very 
high heat transfer rate on an impacting surface. Direct 
cooling of high-power chips, by using jet impingement via 
dielectric liquids, shows great potential even though its 
implementations are more complicated than traditional 
air and liquid impingement cooling methods. Unlike the 
conventional air and liquid impingement cooling which rely 
on heat sinks or cold plates, using dielectric liquids in intimate 
contact with silicon devices eliminates, deleterious effects 
of solid–solid interface resistances and thermal impedance 
created by thermal interfere materials.
The selection of a fluid for direct impingement cooling cannot 
be made solely on the basis of heat transfer characteristics. 
Chemical compatibility of the coolant with the chips and other 
packaging materials exposed to the liquid must be a primary 
consideration. There may be many coolants which can 
provide adequate cooling, but only a few will be chemically 
compatible with electronic cooling applications. Water is an 
example of a liquid which has very superior heat transfer 
characteristics, but it is generally unsuitable for direct cooling, 
due to its chemical characteristics. Fluorocarbon liquids 
(e.g. FC-72, FC-77, FC-87, etc.) are generally considered to 
be the most suitable liquids for direct immersion cooling, in 
spite of their poorer thermo- physical properties. As shown 
in Table 1, the thermal conductivity, specific heat and latent 
heat of fluorocarbon coolants are much lower than water 
[1]. These coolants are clear, and colorless per fluorinated 
liquids with a relatively high density and low viscosity. They 
also exhibit a high dielectric strength and a high volume 
resistivity. The boiling points for the fluorocarbon liquids, 
manufactured by the 3M Company, range from 30 to 253 °C.

Many research initiatives have been conducted for 
microchannel and impingement cooling by using 
Fluorocarbon liquids. Meyer et al. [2] did experiments on 
the thermal performance of rectangular slot impingement 
jets, by using Fluorinert FC-72 as the working fluid. They 
investigated the effects of jet width, impingement velocity 
and inlet subcooling on the cooling ability of an array of 
three confined rectangular jets, in both single-phase and 
two-phase flow regions. Figure 1 shows the schematic of 
the flow loop they used to supply FC-72 to a jet-impingement 
test module. Figure 2 shows major components of the test 
module and flow moving pattern within the test module. 
According to the description of Meyer et al., the heater block 
was made from oxygen-free copper. The top 30 mm×30 
mm surface of the copper block comprised the test surface 
of the module subjected to jet impingement. Three type K 
thermocouples were used to monitor the temperature of the 
test surface. The thermocouples were inserted 2.54 mm 
below the impingement surface, as shown in Figures 3(a) 
and (b). The operating conditions for FC-72 are summarized 
in Table 1. For each test, FC-72 was conditioned to enter the 
test module at either 10.6 ± 0.3 or 20.6 ±0.3°C subcooling 
temperature. Pump capacity set upper velocity limits of 3, 
5, and 8 m/s for the 0.508, 0.254 and 0.127 mm jet plates, 
respectively.

Table 1. Properties of Common Fluorocarbon Liquids 
and Water [1]



7JANUARY 2012 |Qpedia 7

Figure 1. Schematics of Impingement Test Flow Loop [2] Figure 3. Thermocouple Locations Shown in (a) Top View and 
(b) Side View of Heater Block [2]

Figure 2. (a) Test Module Schematics (b) Fluid Pattern Inside 
Test Module (c) Photos of Underside of Jet Plates [2]
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Figures 4(a) and (b) show FC-72 boiling curves for the 0.127 mm jet for 10.6 and 20.6°C subcooling conditions, respectively. 
It is found that single-phase heat transfer prevailed over a broad range of surface temperatures. In this region, the heat flux 
increases linearly, corresponding to the increase of surface to fluid temperature difference. The single-phase heat transfer 
coefficient also increases with the increase of fluid velocity. The boiling region is evident in plots as the heat flux increases 
dramatically with a small increase of temperature difference. The critical heat flux (CHF) is directly related to fluid velocity. 
A higher velocity results in higher CHF. At 8 m/s and 20.6 °C subcooling conditions, the CHF can be as high as 139 W/cm2. 
Figures 5(a) and (b) shows similar trends for the 0.508 mm jet. Both the single- phase heat transfer coefficient and CHF of 
the 0.508 mm jet are higher than those for the 0.127 mm jet for the same jet velocity. However, the 0.508mm jet has a much 
higher volumetric flow rate, due to its large cross section area.

Table 2. Test Conditions for FC-72 Impingement Experiments [2]

Figure 4. FC-72 Boiling Curves for 0.127 mm Jet with (a) 10.6 °C Subcooling and (b) 20.6 °C Subcooling [2]
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Fabbri et al. [3] experimentally studied the effect of the chip-to-orifice gap and orifice geometry on jet impingement 
performance. In their test, FC-72 was used as working fluid. The schematic of their test setup is shown in Figure 6.

Figure 5. FC-72 boiling Curves for 0.508 mm Jet with (a) 10.6 °C Subcooling and (b) 20.6 °C Subcooling [2]

Figure 6. Test Setup Schematic [3]
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The test section consisted of a support base made of aluminum, a PCB board carrying the heater chip, a spacer, the slot 
nozzle component and an aluminum manifold. The 20×20×1 mm3 heater chip was made of silicon, with a 14×14 mm2 NiCr 
thin-film resistive heater deposited on the back side together with five resistive temperature detectors. The schematic of the 
jet plate is shown in Figure 7 and the geometrical details of four jet arrays tested by Fabbri et al. are displayed in Table 3. 
On the jet plates, the outlet channels alternate with the inlet orifices, with each inlet being drained by two outlets and each 
outlet draining the flow from two jets, except for the outermost row of outlets. The outlet channels have been made larger 
than the inlet to reduce the flow velocity and thus prevent a large increase in the pressure drop when boiling occurs.

Figure 7. Nozzle Plate Schematic [3]

Table 3. Nozzle Plate Details [3]
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Figure 8 shows the heat dissipation of a nozzle plate with configuration D4 as a function of the difference between the 
maximum chip temperature (measured at chip center) and the inlet liquid temperature for constant flow rate and as a 
function of Tliq. Clearly, the heat flux increases linearly with the increase of Tchip max-Tliq in the single phase region. In the boiling 
region, the jet dissipates more heat flux with a smaller temperature increase.

The effect of the gap between the nozzle plate and the heater on the module performance is illustrated in Figure 9, for 
configuration D4 and Tliq=20°C. Fabbri et al.[3] found out that a smaller gap yields a better heat transfer at low flow rates. 
And, there is no significant difference between gap sizes at a flow rate of 1.5 l/min. This is expected, as the penetration depth 
of a jet increases with increasing velocity.

Figure 8. Effect of Different Tliq and Liquid Flow Rate on the Module Performance for Configuration D4 [3]

Figure 9. Gap Effect for Configuration D4 and Tliq=20°C [3]
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Figures 10 and 11 show the comparison of different nozzle configurations at different liquid volumetric flow rates. From these 
figures, it is evident that there are no great differences in the performance of the four configurations. The configuration D3, 
which has the smallest inlet hydraulic diameter and the thinnest jets, dissipates less heat than other configurations at 1.5 
ml/min flow rate.

Figure 10. Performance of Different Configurations mv=0.5 l/min and Tliq=20°C [3]

Figure 11. Performance of Different Configurations mv=1.5 l/min and Tliq=20°C [3]
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The experiments conducted by Meyer et al. [2] and Fabbri 
et al. [3] show that FC-72 is suitable for direct impingement 
cooling of electronic devices. In the single-phase region, the 
heat transfer coefficient for FC-72 increases with increases 
in impingement velocity and jet width. Meyer et al. found that 
increases in jet velocity, jet width and subcooling broaden 
the single-phase region, preceding the commencement of 
boiling. Within the nucleate boiling region, data for different 
jet widths and velocities for a given subcooling tend to 
converge. Fabbri et al [3] reach similar conclusions through 
their tests. In both experiments, a cooling heat flux of over 
90 W/cm2 was achieved by using FC-72 jet impingement 
with moderate pressure drop. This demonstrates that the 
two-phase jet impingement direct cooling is a viable method 
to cool high heat flux devices. However, more experiments 
are needed to evaluate the performance with a given pump 
and pressure head. In this case, the geometry of the nozzle 
changes the pressure drop and hence the volumetric flow 
rate and velocity.
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Blockage Effects 
on the Performance of Fans

With the increase of power dissipation, number of circuits 
and shrinking real state in electronics packages, the 
available open area for fans has to be compromised to 
maintain adequate space for electronics. This reduction in 
available space for fans can have a profound effect on the 
performance of the fans. Blockage at the inlet or outlet of the 
fans can drastically change the performance curve from that 
given in the manufacturer’s data sheet. The performance 
curves of fans are generally obtained with wind tunnel 
testing and no obstruction. In real systems, however, this 
might not be the case, and the user has to be careful in 
relying on the manufacturer’s performance curve, especially 
in CFD codes.
Centrifugal fans are more sensitive to inlet conditions than 
axial fans and there are several ways to minimize them, if 
space allows. Inlet swirl or vorticity is always a cause of the 
reduction of the efficiency of a fan [1]. If the spin is in the 
direction of the wheel rotation, the pressure, volumetric flow 
rate and power decrease. If the air spin is in the opposite 
direction of the wheel spin, the pressure, volumetric flow rate 
and power increase. But, in either case, the efficiency drops. 
To prevent swirl, vanes and splitters are recommended to 
use as shown in Figure 1. Since the velocity is higher at the 
bottom of the inlet, compared to the top, a swirl is generated. 
The combination of guide vanes and the splitter plate tend to 
make the flow more uniform and break the swirl.

Splitter plates can also be used for situations whereby the 
flow entering the inlet is not balanced, as shown in Figure 2. 
In this figure, the two streams flow in two different size inlets, 
creating an imbalance and hence a swirl.

It is recommended, if possible, that one use a bell-mouthed 
inlet to minimize the pressure losses. Using a bell mouth can 
reduce the pressure drop to 1/20 of the inlet duct velocity 
head; on the other hand, a reentrant inlet creates an inlet 
pressure loss of 0.9 times the inlet duct velocity head. Of 
course, in electronics enclosures, unfortunately, the space 
might not allow for this kind of luxury. The rule of thumb is to 
keep inlets at least 1⁄2 wheel diameters from the walls. Figure 
3 shows the effect of wall proximity on the performance of 
the fan.

Figure 1. Use of Guide Vanes and a Splitter Plate to 
Break the Swirl [1]

Figure 2. Splitter Plate to Break the Swirl Created by 
Inlet Flow Imbalance [1]
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Gifford et al. [2] conducted experiments on the performance of an automobile axial fan and characterized the effect of 
the engine block located at the downstream on the performance of the fan. Figure 4 shows the schematic view of the fan 
arrangement under hood in front of the car.

Figure 3. Effect of Space on Fan Performance [1]

Figure 4. Schematic of Fan Assembly in an Engine Compartment [2]
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In this figure, the fan is shown to be blocked in front by the 
engine compartment and in the upstream by a radiator and a 
condenser. To simulate the flow blockage at the downstream 
of the fan, Gifford et al. [2] mounted the fan in a plenum 
chamber and on a blockage plate in front, at the distance of 
B as shown in Figure 5.

They used both a hot wire anemometer and an LDV 
to characterize the effect of the blockage on the fan 
performance. The variables Gifford et al. [2] measured are 
defined as follows:

Flow coefficient:

  , Where      is the volumetric flow rate, ω is 
the rotational speed and D is the fan diameter.

Pressure coefficient:

  , Where ρ is density and Ps is the static 
pressure.

In their experiments, they varied the blockage distance from 
the blade trailing edge from 65 mm to 125 mm. Data was 
taken at 3 mm from the fan trailing edge and at intervals 
of 15 mm radially and time and spatial averaged. Figure 6 
shows the measurement plane.

Figure 7 shows the pressure coefficient as a function of flow 
coefficient for different blockage distances at 125, 75 and 
65 mm. The figure clearly shows the degrading of the fan 
curve, especially at medium to high flows, compared to an 
unobstructed fan.

Gifford et al. [2] used LDV to measure axial, tangential and 
radial velocities at 3 mm from the fan trailing edge for free 
and blocked fans. Figure 8 shows the values of the axial 
velocity in color and total velocity vector. The blocked fan 
shows negative values of axial velocity near the hub, which 
is an indication of a reverse flow. The blocked fan also shows 
increased radial flow and reduced axial flow, which means 
less volumetric flow rate.

Figure 5. Fan Blockage Assembly [2]

Figure 7. Pressure Coefficient as a Function of Flow Coefficient 
for Different Blockage Distances [2]

Figure 6. Plane of Measurement [2]



19JANUARY 2012 |Qpedia

Assume a 6 inch fan (150 mm) is located at a place where 
its opening is blocked by 80%. The total flow rate of the fan 
is 50 CFM (0.0235 m3/s). Calculate the pressure drop as a 
result of the blockage. 

Fan area = 0.0176625 m2

Free area = 20%*Fan area = 0.0035533 m2 
V’ = Volumetric flow rate/ free area = 0.0235/0.0035533 = 
6.65 m/s
Kse = 2.1 from figure 8 at blockage ratio of 20%

This is a rather large pressure drop which has to be accounted 
for in the overall pressure balance of the system. From the 
preceding paragraphs we conclude that when designing fan 
trays or implementing fans in systems for cooling purposes 
care has to be taken when using catalog fan performance 
for either analytical purposes or CFD implementation. The 
blocked area of the fan has to be considered in calculating 
the new fan performance and then implementing it in the 
analysis. Failure to do so can lead to erroneous data and, 
consequently, failure of the system.

To quantify the effect of blockade on the performance of a fan, 
Amca [3] has provided correlations to calculate the effect on 
the performance. The pressure loss due to blockage effects 
at standard conditions is calculated from:

Where, 
P*fse =  Loss of total pressure due to blockage in Pascal
V’ =  Air velocity in m/s 
Kse = Loss coefficient 

Figure 8 shows the correlation between the pressure loss 
coefficient of a fan as a function of the blockage area to 
the inlet. This information can be used as in the following 
example.

Figure 8. Loss Coefficient as a Function of 
Percent Blockage Area for a Fan [3]

Figure 8. LDV Measurement of Absolute Velocity Vector at the Trailing Edge of a Fan (a) Unblocked, (b) Blocked [2]
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Are More Efficient Heat Sinks
Really More Costly?

The question arises, why pay more for a higher-efficient heat 
sink that is also smaller and lighter in weight, especially in 
cases whereby a simple, larger but heavier cast or extruded 
heat sink can also do the job? In most cases, the single-
piece part price is the main driver as to why engineers and 
purchasers stay with lesser effective solutions. This is gen-
erally because they believe that they are saving money for 
the company in the long-run. But, is this really true?
It is very easy to compare the price of two single heat sinks, 
a highly efficient one versus a standard extruded type with 
the same thermal performance. But, such a simplistic com-
parison does not take into account the flow performance, 
effect on neighboring and downstream components, weight, 
volume usage, etc.

What makes a heat sink an efficient heat sink you may won-
der? Such a heat sink is optimized for both flow and heat 
transfer and, hence, makes much better use of the volume 
available for cooling and the existing cooling air.
The geometry of the heat sink is optimized by using thin fins 
and a special design to lower the air resistance, resulting in 
the highest possible velocity in the fin field, while minimizing 
the effect of bypass flow. Because of this, it also has a lesser 
intrusive effect to the flow, which has a positive effect on 
the neighboring and downstream flows. This produces lower 
pressure drops over the board and through the system. The 
result of a comparison test, presented by Lasance C. and 
Eggink H., demonstrates this [1].

The shape and the amount of fins create the available sur-
face area. The more surface area in contact with cooling air, 
the more energy can be dumped into the air and, therefore, 
the lower the heat sink temperature. Most important, the 

component temperature will also be lower. Of course, this is 
only valid if the temperature of cooling air going through the 
fin field is still lower than the fin temperature; otherwise, no 
net heat transfer from the heat sink to the air will occur. As 
has been shown in the literature, there exists an optimum 
correspondence between the number of fins and the overall 
cooling effect of these fins.

To arrive at a better comparison, let us look to other related 
effects which will result in a system price increase due to the 
chosen cooling solution:

1. Effect on the flow 
2. Heat sink weight 
3. Heat sink attachment 
4. Mechanical adjustments required to handle the weight on 
both a board and system level, and to fulfill mechanical re-
quirements for shock and vibration 
5. Raw material usage to manufacture the cooling solution 
6. Required fan performance 
7. Product reliability 
8. Transportation cost 
9. End of life cost

Figure 1 shows a picture of a flow visualization test through 
a pin fin and the DUT. Compare the amount of flow entering 
the pin fin and the DUT, which in this case is a maxiFLOWTM 

heat sink. Most of the water “hitting” the pin fin is bypassing it 
because of the high air resistance of the fin field. Look at the 
flow that is left over downstream of the pin fin, which is lower 
than the upstream flow. Imagine what will happen if we put 
multiple pin fins in a row downstream of each other because 
we have to cool multiple devices in a row.
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The first pin fin will have sufficient cooling but, the further we 
go downstream, the less effective the heat sink becomes. 
Limited air will be available for cooling, because most of the 
air is bypassing the heat sinks. What is the first reaction with-
out knowing anything about the flow structure? We need a 
larger heat sink downstream to get the same cooling effect; 
or maybe we need to consider a more powerful fan system 
to drive more air through the system. However, if we would 
have started from a system level point of view instead of 
concentrating on a single heat sink, we would have studied 
the flow field and the interaction between the heat sink and 
the flow more closely, and we could have arrived at a better 
solution.

For example, in many cases the total number of heat sinks 
can be reduced, because other components are better 
cooled and probably do not require additional cooling.

Standard extruded heat sink profiles and cast heat sinks nor-
mally have a thick base and thick fins and are made of lesser 
thermally conductive aluminum alloys. The lower conductiv-
ity is a result of the additives that are included, to make the 
manufacturing of the product easier. The base and the fins 
tend to be thicker, because it is more difficult to manufacture 
thin and tall fins. Especially for natural convection, the opti-
mum heat sink from a thermal point of view can easily be a 
factor of ten thinner than what is offered. The main design 
driver for these types of heat sink is the ease of manufactur-
ing and not the overall thermal performance. The end result 
is a more voluminous and heavier heat sink that makes bad 
use of the available volume and has a negative effect on the 
flow.

To have a stable mechanical design, a stronger mechanical 
attachment to the component/ board is required to handle 
the weight of standard heat sinks, as compared to high per-
formance ones. An efficient light weight heat sink can still 
be attached by taping, glue, and other attachment methods, 
which use the component itself as an anchor.

Counting the weight of a standard heat sink and its attach-
ment mechanism together, the overall product weight will be 
quite higher than for a design based on more efficient cool-
ing solutions.

The same is valid for those LED designs that use the hous-
ing as a heat sink. The housing often is made by extrusion or 
casting processes, which limit the freedom of design. They 
are generally made of zinc aluminum (Zamac) with a ther-
mal conductivity around 115 W/mK; whereas aluminum used 
for moulding is between 100-150 W/mK; brass annealed is 
around 60 W/mK; aluminum alloy AL 6063 has a thermal 
conductivity of 201 W/mK and aluminum alloy AL 1050A 
reaches 229 W/mK.

Heat spreading is an important factor in most LED applica-
tions, and drives the thermal design of LED cooling. If anal-
ysis shows heat spreading is important, the consequence 
is that for lower conductivity materials, the only option is to 
either increase the base thickness or embed heat pipes or 
vapour chambers, adding to cost and weight.

Forged heat sinks are made of high conductivity aluminum, 
but the manufacturing method itself is very limited in design 
freedom. So in general, to get a better performance, a larg-
er heat sink is required. For natural convection, the use of 
thermally conductive plastic could be of interest because of 
its lower weight and greater design freedom. Plastics en-
hanced with carbon fibers could also be used, but require 
special attention because of their non-orthogonal conduc-
tion behaviour. Other options are designs that are a combi-
nation of highly efficient heat sinks and heat pipes, to either 
improve heat spreading when the heat sink is much larger 
than the source, or to transport the heat from the source to 
a remote heat sink.

Apart from the attachment of the heat sink to one or more 
component, the overall weight of the board, including the 
cooling solutions, affects the overall mechanical design. Ad-

Figure 1- Flow Test on Both a Pin-Fin (Left) and DUT (Right) in a 
Water Tunnel. (Flow is from top to bottom)
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ditional mechanical features are needed to make the prod-
uct mechanically stable and these features will add cost and 
weight and further limit the design freedom.

As discussed before, a more voluminous heat sink solution 
requires more raw material. The initial manufacturing pro-
cess of aluminum, however, is energy intensive, something 
we would like to decrease in a world where reduction of 
energy consumption is key. Fortunately, it can be recycled 
without the loss of its properties and the recycling process 
uses only a fraction of the energy in the initial manufacturing 
process. Finally, there are manufacturing techniques such 
as bonding, folding and skiving, that do not suffer from these 
sustainability issues.

Furthermore, a lesser efficient heat sink such as a pin fin or 
standard extruded type of heat sink, will lead to higher air 
resistance and lesser optimized flow over the components/ 
board and through the system. To overcome the higher air 
resistance and allow for more flow to compensate for the 
reduced airflow, a more powerful fan or more fans are re-
quired. A more powerful fan can mean either a larger fan 
type or permitting the current fan to run at a higher rotational 
speed. However, doubling the fan speed means increasing 
the input power to the fan by a factor of 8. As a result, more 
heat is dissipated in the system, the power supply has a 
higher current usage and more power is dissipated in the 
fan itself. This will lead to a higher fan temperature, thus 
reducing its lifetime. On top of this, a higher fan speed and 
more flow will result in higher noise levels.

Optimizing your thermal design by optimizing around the 
heat sink could in some cases avoid the use of a fan at all, 
making up for the extra costs of a more sophisticated heat 
sink. The use of more efficient cooling solutions will lead 
to a more optimized overall thermal design of the system, 
influencing directly the thermally and thermo mechanically-
related reliability issues of the overall system.

The transportation cost of the cooling solution to the manu-
facturer of the system also has a price. This price is based 
on shipped volume and weight. Efficient cooling solutions 
are lower in volume and lower in weight, so will yield a re-

duction in transportation costs. The weight factor is also 
applicable for the final product, as a product equipped with 
lesser weight cooling solutions will be cheaper to transport. 
Apart from transport issues, a human effect is applicable: 
take, for instance, an LED-based streetlamp. Lifting a 30 kg 
lamp and installing it on a pole, versus lifting a 20 kg lamp, 
speaks for itself. Additionally, the pole needs to be designed 
in such a way that it can handle the weight of the lamp, po-
tentially reducing the costs of a lesser weight lamp. Every 
product has a certain economic and technical lifetime and 
will be recycled afterwards. The cooling solution need to be 
recycled too. The heat sink, lamp enclosure - in most cases 
made of aluminium - can be recycled in a cost and energy 
effective way; but the lesser mass we recycle, the better.

In summary, the conclusion must be that it pays off to focus 
on the costs of the total system, and not only on the costs of 
the individual parts. In times long gone by, it was standard 
practice that project leaders got bonuses for buying parts as 
cheap as possible. Needless to say, such an attitude cannot 
survive in a world where end-users buy total systems, not a 
collection of parts. However, in the case of heat sinks, we 
still notice a suboptimal purchasing policy, often based on 
lack of knowledge and outdated protocols.

References:
1- Lassance, C., Eggink, H., “A Method to Rank heat 
Sinks in Practice: The Heat Sink Performance tester”, 
Proc. 21st SEMITHERM, pp. 141-145, San Jose, CA
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Temperature Sensor Provides 
High Accuracy and 12-bit 
Resolution
Applications that require high accuracy 
over a variety of temperatures, such as 
thermostats (-20 to +45°C), personal 
computers (+85°C) and industrial/auto-
motive (+125°C), have a solution with 
Microchip Technology’s MCP9808 sili-
con temperature sensor. The sensor’s 
±0.5° accuracy and 12-bit resolution 
are among its system-oriented fea-
tures. The 12-bit Resolution provides 
0.0625°C for the least significant bit 
in a digital system. Thermal shutdown 
and temperature monitoring/alert fea-
tures allow the sensor to help adjust 
the real-time power utilization in appli-
cations from residential HVAC systems 
to industrial equipment.  The shutdown 
feature reduces power consumption 
in both line and battery-powered sys-
tems. In addition, the critical-temper-
ature alert can increase the system’s 
life by preventing excessive operating 
temperatures. The sensor is available 
in MSOP and 2×3-mm DFN 8-pin pack-
ages.

Advanced Thermal Characteriza-
tion of Semiconductor Packages
T3Ster® is an advanced thermal tester 
for thermal characterization of semi-
conductor device packages, designed 
for the needs of the semiconductor, 
electronic appliance and LED indus-
tries and R&D laboratories. A turnkey 
proprietary system consisting of soft-
ware and hardware, T3Ster is aimed 
at dynamic thermal characterization of 
packaged semiconductor devices (di-
odes, BJT-s, J-FET-s and MOSFET-s, 
thyristors, power LED-s), stacked die 
and other multi-die devices and some 
MEMS components. With dedicated 
fixtures and software, characteriza-
tion of PWB-s or MCPCB-s and other 
substrates or thermal interface materi-
als and/or cooling assemblies is also 
possible. T3Ster directly measures the 
actual heating or cooling curves – the 
thermal transient response of pack-
aged semiconductor devices – rather 
than artificially composing them from 
individual responses. 

 

New iPhone App Helps Optimize 
Heat Sinks to Cooling Needs
Advanced Thermal Solutions, Inc., 
(ATS) has developed a heat sink de-
sign calculator, as an iPhone app, that 
identifies the proper heat sinks to solve 
most component-level cooling issues. 
The app allows engineers to input the 
essential specs and then research on-
line for heat sinks that fit their require-
ments. Design parameters that the user 
can enter include the heat sink material 
(e.g. aluminum), heat sink dimensions 
(length, width, height) and the num-
ber and dimensions of the sink’s heat 
spreading fins. When the key heat sink 
specs are entered, the ATS app lets us-
ers search a number of databases to 
find if a sink exists that fits or closely 
matches the entered data. In most situ-
ations, a heat sink is available to match 
the user’s needs. If no heat sink exists, 
the user can request a free price quote 
by linking to the ATS website.  The Heat 
Sink Design Tool app can be down-
loaded at free from Apple’s iTunes App 
Store.

Cooling News 
New Products, Services and Events from around the Industry

superGRIPTM

89-27 Access Road, Norwood, MA 02620 USA | T: 781.769.2800
F: 781.769.9979 | www.qats.com

ATS’ High Performance BGA Cooling 
Solutions with superGRIP™ attachment 
helps achieve maximum performance from 
phase-changing TIM and does not require 
holes in the PCB

http://www.qats.com/Products/Heat-Sinks/BGA-Heat-Sink---High-Performance/maxiFLOW-superGRIP/20.aspx
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Heat Sinks for Higher Power TO-
220 s or TO-247s
The new R2 Series of heat sinks from 
Ohmite combines thermal performance 
with the labor-saving attachment 
mechanism of the popular C Series. 
This adaptable heatsink is capable 
of attaching either a TO-220 or a TO-
247 component and is offered in both 
degreased and black anodized finish-
es.
The convenient camming clip elimi-
nates the need for mounting holes and 
screws, are resilient, and provide the 
same amount of force after repeated 
use. By eliminating the need for a 
screw hole the rear side of the heat 
sink can be fully populated with fins for 
maximum thermal performance. Pric-
ing for R2 heatsinks ranges from $1.84 
to $1.90, depending on finish, in 1000 
piece quantities.

Fan Control System Provides En-
ergy Efficiency
The Eco-mode control system from 
Rittal employs an intelligent strategy 
to effectively target the use of energy 
by disabling the internal fan when the 
temperature inside the enclosure falls 
to 10° K below the set point tempera-
ture. The fan is then enabled for a pe-
riod of 30 seconds every 10 minutes 
to ensure the accuracy of the sensed 
temperature. When the temperature 
rises above 10° K below the set point, 
the fan is permanently enabled. Rittal 
TopTherm air/water heat exchangers 
are equipped with the innovative Eco-
mode control system in order to mini-
mize their energy consumption.

Tank Thermistor and RTD Sensor
The Precon ST-TS* Series sensing 
element is a highly stable precision 
thermistor or platinum RTD. The hous-
ing is a standard brass immersion well 
that has the weight to keep the sensor 
submersed or to utilize the half inch 
NPT fitting for a rigid mount. It is also 
compatible with all liquids suitable for 
brass. The ST-TS Series Tank Sensors 
provide precision remote temperature 
sensing for cooling tower tanks for 
use in building automation systems. 
The active sensing element is a highly 
stable precision thermistor material or 
platinum RTD. The sensing element 
is rugged and sealed in a thermally 
conductive compound. Water resistant 
cable is used.

Relieve Some Stress With ATS

Under Pressure?

PTM-1000TM

PRESSURE TRANSDUCER MODULE

89-27 ACCESS ROAD, NORWOOD, MA 02062 USA | t: 781.769. 2800 | WWW.QATS.COM
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Industry Patents Update 
A sampling of recently-awarded US patents for 
products and processes in electronics thermal management
Apparatus and Methods 
for Thermal Management of 
Electronic Devices
 
Patent No.: US 7,911,797 B2     
Inventor: Zdenko Grajacar
Assignee: Nexxus Lighting
Excerpt from Patent Abstract: 

An apparatus is disclosed that may include a printed circuit board 
(PCB) and an electronic package may be disposed about the first 
surface of the PCB. THE PCB may include a metal layer and a 
core, and in some aspects may include multiple cores interposed 
between multiple metal layers, and in some embodiments a back-
plane may be disposed along the core.

Method of Assembling 
a Sealed Thermal Interface
 
Patent No.: US 7,954,236 B2     
Inventors: Timothy Lundell, Thomas Lundell
Assignee: Lundell Manufacturing Corporation
Excerpt from Patent Abstract:

A sealed thermal interface component minimizes or eliminates the 
exudation of fluids, such as silicone oils, while preserving the ex-
cellent thermal conductivity of silicon-based thermal pad materials 
and enhancing the conformability of the components. In preferred 
embodiments, a foam frame surrounds a plurality of thermal pad 
portions formed of conformable thermal management material that 
may exude fluid under elevated temperatures or over time.

Carbon Nanotubes for 
the Selective Transfer of 
Heat from Electronics
 
Patent No.: US 7,927,992 B2     
Inventors: Jonathan Ward, Claude Bertin, Brent Segal
Assignee: Nantero, Inc.
Excerpt from Patent Abstract:

Under one aspect, a method of cooling a circuit element includes 
providing a thermal reservoir having lower than an operating tem-
perature of the circuit element; and providing a nanotube article 
in thermal contact with the circuit element and with the reservoir, 
the nanotube article including a non-woven fabric of nanotubes 
in contact with other nanotubes to define a plurality of pathways 
along the article.
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Systems and Methods 
for Thermal Management
 
Patent No.: US 8,031,470 B2     
Inventor: Michael Nelson, Michael Wayman
Assignee: ADC Telecommunications, Inc.
Excerpt from Patent Abstract: 

A method for thermal management is provided. The method 
includes providing thermal isolation between at least one high-
power thermally tolerant electronic component and at least one 
low-power thermally sensitive electronic component housed within 
an electrical enclosure, providing a first conductive path from 
the at least one high-power electronic component to a second 
heatsink, dissipating heat generated by the at least one low-
power thermally sensitive electronic component and dissipating 
heat generated by the at least one high-power thermally tolerant 
electronic component to an environment external to the electri-
cal enclosure by channeling the heat generated by the at least 
one low-power thermally sensitive electronic component and the 
at least one high-power thermally tolerant electronic component 
along the first and second conductive path, respectively. The first 
and second conductive paths are independent from each other.

Electronic System 
with Dynamic Thermal Management
 
Patent No.: US 8,031,454 B2     
Inventor: Yosuke Muraki
Assignee: Sony Corporation
Excerpt from Patent Abstract: 

An electronic system is provided including providing a target semi-
conductor device connected to a system power supply, measuring 
the system power supply with the control device for a power us-
age by the target semiconductor device, and controlling a fan with 
the control device based on the power usage.

Liquid Submersion Cooling System
 
Patent No.: US 8,009,419 B2     
Inventor: Chad Daniel Attlesey, 
R. Daren Klum and Allen James Berning
Assignee: Hardcore Computer, Inc.
Excerpt from Patent Abstract: 

A portable, self-contained liquid submersion cooling system that 
is suitable for cooling a number of electronic devices, including 
cooling heat-generating components in computer systems and 
other systems that use electronic, heat-generating components. 
The heat exchanger includes a cooling liquid inlet, a cooling liquid 
outlet, and a flow path for cooling liquid thereafter from the cooling 
liquid inlet to the cooling liquid outlet. 
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Work with trusted advisors with 150 years of  collective thermal management experience 
and innovative thinking. Benefit from their advanced testing facilities and best practices.

From consulting to custom designs, ATS takes 
the risk out of  decision-making. Call us today at 
781.769.2800, email sales@qats.com or 
click the QR symbol for our website

REMOVE UNCERTAINTY.  GO TO MARKET FIRST.  AVOID RECALLS. 

SHORTCUTS 
CAN BE 
RISKY!

28th Annual SEMI-THERM Thermal Measurement, 
Modeling and Management Conference - www.semi-therm.org
 
SEMI-THERM is an international forum dedicated to the 
thermal design and characterization of electronic components and systems. 
The symposium fosters the exchange of knowledge between practitioners and 
leading experts from industry, as well as the exchange of information on the 
latest academic and industrial advances in electronics thermal management. 

Date: March 18-22, 2012  Place: San Jose, CA 

The Heat is On -- Revolutionary and Evolutionary Innovations 
in Thermal Management - www.meptec.org/meptectheheatiso.html
 
Packaging of electronics continues on rapid paths toward smaller size and/or 
higher efficiency, sometimes both, which require higher power and lower temperatures.  
This symposium will offer outlooks of thermal management devices and materials, 
as well as integration into electronic packaging, from the viewpoints of suppliers and end users.  

Date: March 19, 2012  Place: Doubletree Hotel, San Jose, CA

coolingZONE LED 2012  - www.coolingzone.com
 
coolingZONE and InnovationFAB will be hosting a dedicated conference on 
LED thermal management and smartCooling. The conference is a combination 
of the technical and manufacturers presentation on thermal management of LEDs. 
The conference will be preceded by a series of short courses dedicated to 
thermal management and characterization of LEDs.

May 29-31, 2012 - Berlin, Germany

Register

Upcoming Thermal Management Events

http://qats.com/Qpedia-Thermal-eMagazine/Advertise/22.aspx
http://www.qats.com
http://qats.com/Training/Webinars/7.aspx
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