Thermal Minutes

Thermal Management of Telecom and
Datacom Equipment

Because of their unique product offerings, communications
and computing industries drive a large segment of the technol-
ogy market. The power dissipation of equipment doing faster
data transmission and processing is on the unwavering rise.
For that reason, proper thermal management of this gear has
a central role in its successful deployment and operation.

End-users insist that their telecom and datacom equipment
meet compliance and performance standards. For the
manufacturers, one of the most difficult requirements to
satisfy is effective thermal management.

The basis of this thermal challenge resides in
several parameters:

* Thermal coupling within the system and
surrounding equipment

+ System standardization (e.g., the ATCA Standard)
+ Constrained space

« EMI/EMC requirements for high frequency devices, boards
and packaging

+ Acoustic noise
+ Limited air flow

* Rigid performance standards (e.g., 72 hours
operation at 55°C)

* Non-uniform power distribution and congested PCBs

* Field serviceability (e.g., system operational
within 4 hours of failure)

A successful thermal design requires that the junction tempera-
tures of all critical devices in a system be sufficiently below
their critical level in the worst-case ambient temperature.
Otherwise, higher temperatures may result in data transmis-
sion bit errors and/or a decrease in a system’s life expectancy.
Thermal coupling and non-uniform PCB layout make this
determination a complicated process. Figure 1 shows an
example of thermal coupling from environment to the device.
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Figure 1. Thermal coupling in telecom and datacom equipment,
from the central office (data center) to the component.
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Solution Order Package Level

Requirements and Tools

Requirements and Tools

Table 1. Solution hierarchy for thermal analysis.

In telecom and datacom equipment, to calculate the junction
temperature of a device residing on a PCB, all parameters
impacting its magnitude must be accounted for. See Figure 2.

Figure 2. Thermal coupling at the device level.

The junction temperature (T;) is a function of
following parameters:

Tj = f(vﬂuid! kboard’ kcomponent’ kspreaderl
kinterface materials hheat sinks Ta’ F)device’ €, Qupstream)

Where V is the air velocity, k is the thermal
conductivity, and € is the emissivity.

Table 1 shows the approach, domain, anticipated results,
and the needed tools to successfully obtain the junction
temperature of a device in the system.

Once the junction temperature is obtained by using two inde-
pendent methods, it must be ensured that there is at least a
10% margin of safety in the design. Therefore, the following
equation must be satisfied:

r] y (Tj, calculated ~ Ta, reference)/ (Tj, spec ~ Ta, reference ) <90
Where

T, = junction temperature as the result of above
j» calculated

calculation.
T}, spec = critical junction temperature specified
by the manufacturer.

T, reference = reference ambient or approach
air temperature.
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With a properly determined junction temperature in hand, a
cooling method can be selected for maintaining the desired
performance. Depending on the data obtained from Table 1,
we can choose from these options:

* Natural convection

* Forced convection (air-mover)

* Active air cooling (not very common)

* Jet impingement (air or liquid)

* Advanced systems (liquid or refrigeration)

Although cooling by air is the most common and preferred

system, liquid cooling has been used in unique circumstances.

Regardless of the method selected, every cooling decision
should consider the following parameters:

* Cooling capacity — Does it satisfy the junction
temperature requirements?

* Size — Does it comply with the packaging
requirements?

* Regulatory requirements— Does it meet the
system and site implementation requirements (e.g., NEBS)?

* Reliability — Does it meet the expected life
requirements?

* Budget- Does it comply with the cost constraints imposed
on the system?

* Market availability - Is it readily available?
Can supply-chain requirements be met?

Obtaining a successful cooling solution is made possible by
combining methodical thermal analysis (as delineated in Table
1) with the results from at least two independent approaches,
and by taking into account the above system parameters.

INTRODUCING
ATS’s Candlestick Sensor

Simultaneous Temperature
and Velocity Measurement

Introducing ATS's flexible and robust Candlestick Sensor
that measures both temperature and air velocity for
characterizing thermal conditions in electronic systems.
The Candlestick Sensor is narrow and low profile to
minimize disturbance of air flow in the test domain.

Its flexible, plastic-sleeved stem facilitates installation
and repositioning during the testing process.

Sensors are calibrated for low (natural convection) and
high velocity flows. They are capable of temperature
measurements ranging from -30 to +150°C £1°C.
Velocity measurements range from 0 to 51 m/s (10,000
ft/min) £2%.The sensor’s base is 9.5 mm in diameter.
Three different heights are available: 9, 12,and 20 mm.

For more information on this and other
ATS products, or to place an order, call 781-769-2800.
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