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ower on pluggable optics modules (POMs) such as SFP+, QSFP+, QSFP28, CFP2, CFP8

has increased along with the demand for higher bandwidth. POMs give access at the

faceplate to an optical signal. Existing Multi-Source Agreements (MSAs) specify physical
form factor and electrical interfaces, which allow multiple manufacturers to make physically
compatible products to promote competition, interoperability and multiple sources for systems
vendors and end users. These MSAs also define power classes for POMs that are based on the
supplied power and correspond to different internal processing levels and optical signal reach.

POMs are designed to support various communication standards and their data rates range
from ~1 Gb/s to 400 Gb/s with many data rates available in each form factor.

POMs are difficult to cool; all but the CFP, are
housed in a cage which guides the modules
to the connectors and contains EMC
solutions for the faceplate ports. The modules
extend through the faceplate, and can be
hot swapped. There are air gaps, ~0.2mm to
0.3mm nominal, between the module case
and the cage, and between the cage and
PCB. This provides an inconsistent thermal
resistance due to tolerances. The cages
generally have small openings on the sides
to allow ingress and egress of air for cooling
purposes. With high power POMs, these
openings do not provide sufficient cooling

S0 an opening on the cage top is added
which gives access for a spring-loaded riding
heatsink. To date only a dry thermal interface
between the two surfaces has been available
because the pluggable feature has precluded
the use of thermal interface materials between
the heatsink and the POM case. The thermal
interface between POM and heatsink is

not consistently defined or controlled in the
MSAs. The challenge is to permit the required
sliding while providing a low interface thermal
resistance. This is especially important in a
telecom environment where equipment in
NEBS [1] shelf level products must operate
in an ambient of 55°C. POMs temperature
case limit is usually 70°C. This results in a
15°C temperature delta to cool the POMs,
usually less when pre-heated by other POMs
or components. Figure 1 shows typical
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thermally-important features of POMs and
cages.

Heat transfer routes to and from the POMs
are described in references [2,3]. Thermal
evaluation requires detailed 3D conjugate
heat transfer analysis software. Essential input
for the analyses includes detailed geometric,
power, and thermal properties of the POM,
EMC gasket and cage, and contact interface
as described in the OIF thermal interface
specification |A# OIF-Thermal-01.0 [4].

IA# OIF-Thermal-01.0 specifies general
resistance parameters for the thermal interface
as a function of power density. For high power
modules, the major path for heat removal is
via the heatsink across the contact area with
the POM. It stipulates the MSA to define the
location and size of contact area for heat
removal on the top surface of POM. It also
describes factors affecting thermal interface
resistance: flatness, surface finish, and heat
spreading. Additionally, it defines a calibration
method for the internal sensors and includes
the requirement to identify the location of
thermal monitor point(s).

The initial work done in support of IA# OIF-
Thermal-01.0 IA included a study of the
thermal interface resistance between a CFP2
lid and heatsink base including heat spreading
effects. The study examined three contact
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Figure 1. a) A typical POM cage, b) QSFP in cage section at inside edge of cage, ¢) QSFP section showing typical internal layout. Narrow air gap locations: 1) Module to top of cage, 2)
Module to bottom of cage, 3) Bottom of cage to PCB, and not shown 4) sides of module to sides of cage.

scenarios: 1) a transverse bump in the center
of the lid, 2) a transverse hollow in the center
of the lid, and 3) a transverse contact in the
center and ends of the lid. All three scenarios
have the same contact area. These simplified
contact geometries are depicted in Figure 2
and the contact gap ranges from what would
be an extremely fine production surface
flatness to 0.3mm, the maximum allowed by
the MSA for the CFP2 contact surface for
Power Class 1 and 2. It was assumed for the
study that both surfaces had the same type of
out of flatness so that modeling of the net gap
between surfaces was easily implemented in
FloTHERM® software used for the analysis.

The resistance in the contact areas between
the heatsink and the module was modeled
using the method described by Yovanovich et
al. [5]. Where:

h=h +h

Joint Resistance  h=h_ . +h

A simplified CFP2 FloTHERM model was
created with a T6063 aluminum case and

up to six sources that can be set to dissipate
power and to contact the lid as shown in
Figure 3. Results were obtained for varying
gaps due to out-of-flatness and different
source locations. Intake air is 55°C at 1m/s
across the enclosure cross-section upstream
of the module. Total power for the CFP2

is 12W in all cases. Other model details

are given in [2,3]. CFP2 lid temperature is
monitored directly above the center of each
source. Maximum lid temperatures are plotted
in Figure 4 versus net flatness over the range

Scenario 1: Transverse
bump in middle.

5mm wide contact
line in middle

Scenario 2: Transverse
line hollow in middle.

0.03-0.30 mm hollow

Line Contact at ends,
2.5mm wide

Scenario 3: Transverse line contact
in middle & ends, 1.25mm at ends
2.5mm in middle

0.03-0.30 mm

Line Contact 1.25mm wide at
ends & 2.5mm wide in middle

Figure 2. CFP2 Contact Interface Flatness Scenarios

of 0.03 mm to 0.3 mm flatness, for the three
scenarios depicted in Figure 2.

Defining:
T iamax = Maximum lid temperature
T e = @Verage heatsink pad temperature

dT,,, = temperature difference among lid
locations A — F (indicative of thermal spreading
resistance)

dT,,, max to HS ave = TLid max, - THS ave

Spreading resistance in the lid was highest
for scenario one, a center bump, which is
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also effectively a single contact. Spreading
resistance varies with the thermal conductivity
and thickness of the lid. The interface
resistance between the lid and heatsink

is shown to be sensitive to the interface
flatness. Temperature differences between

lid and heatsink base can be reduced by

5°C to 8.5°C with flatness improvement on

a CFP2 depending on heat source location
and the nature of the out-of-flatness. This

is a third to half of the CFP2 temperature
budget in a NEBS environment! This is a huge
improvement without increasing the size of
the heatsink.

QSFP Model - Expanding on the Effect of
Spreading Resistance

The QSFP form factor is a common POM
that presently has the highest power density
of all the form factors. Most of its heat is
dissipated close to the faceplate and not
directly underneath the heatsink contact area.
A numerical wind tunnel study was conducted
to explore the internal resistances and develop
methods of reducing the QSFP temperatures.
The numerical model, detailed in [2,6], was
similar to that of [7] having a 5 W QSFP and

a power density of 1.34 W/cm?, class pd14.
Cooling was via a typical aluminum off-the-
shelf heatsink. The model was used to predict
the effect of changes in the heat source
locations relative to the heatsink contact area
and surface finish in the interface area. Figure
5 gives the scenario descriptions. For scenario
d) the 5mm extension of the heatsink contact
area towards the transceivers, the power
density decreases 15% to 1.14 W/cm? or to
pd12. Two contact resistance values between
the case and the heatsink were explored as
well for two difference surface roughness and
load conditions. Results were calculated for
QSFP case material thermal conductivities

of 116, 169, 385 and 1000 W/m-K
corresponding to a zinc alloy, high grade
aluminum casting, copper, and an ultra-high
conductivity material respectively. FIOTHERM
Command Centre was used to solve these
scenarios.

The results shown in Figure 6 illustrate the
importance of the surface finish of the case and
heatsink, and of locating the heat sources and
the thermal interface area as closely together
as possible. QSFP MSA cage dimensions [8-9]
allow an increase in heatsink contact length by
up to 5mm. In our model this larger contact
resulted in a temperature decrease of more
than 1.5°C with the lowest case conductivity
and Rc1. If the case material conductivity

is increased to 169 or 385 W/m-K, further
decreases of 1°C to 2°C respectively could be
achieved. While very high case conductivities
representing an exotic material was examined,
changing QSFP case material to Cu from zinc
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Figure 3. CFP2 flatness model layout showing front device, rear CFP2 PCB heat and central contact location
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Figure 4. Range of flatness results with front device, and rear PCB heat dissipation and only the devices connected directly

to the lid.

alloy can improve performance by 2 to 3°C.
Decreasing the contact resistance to Rc2
would bring total improvement to ~5°C. These
are significant when the overall ambient to case
temperature budget could be 15°C or less.

The expansion of the heatsink opening in
the cage has been incorporated into the
MSA for the much higher power QSFP-DD
modules [10].
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Figure 5. Modeling scenarios for the QSFP a) Original, b)
Transceivers 5 mm closer to heatsink contact, ¢) Heatsink
contact 5 mm closer to transceivers, d) Heatsink contact 5
mm longer towards transceivers. Transceiver location is the
red rectangle on the left.

Final module thermal assessment is at
present only available with a computationally
expensive detailed model created from the
information specified in [4] and either built by
the system designer with information from
the module supplier, or is a model supplied
by the module vendor, likely under some type
of non-disclosure agreement. An alternative
to this that has not yet been explored is the
development of a Delphi-type resistance
network. A model of this type could be

used to model the connections to the PCB,
surrounding air and heatsink with distributed
internal heat sources in a manner similar to
that used for multi-junction integrated circuit
devices. This could be provided by module
vendors without giving internal details of

the module.
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