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(57) Abstract: A containment system is provided to access, monitor and control a containment area in a facility. A computing device
can be associated with the containment system in order to control the containment area and/or devices inside the containment area
without having to break the containment of the containment area. Hot areas can be kept separated from cold areas and efficiency of
the facility is improved.
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MONITORING AND CONTROLLING DATA CENTER COMPONENTS
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application Serial No.
61/616,257 filed March 27, 2012, this application claims the benefit of U.S. Provisional
Application Serial No. 61/622,262 filed April 10, 2012, and this application claims the
benefit of U.S. Provisional Application Serial No. 61/799,711 filed March 15, 2013. The

foregoing applications are incorporated by reference in their entirety.
BACKGROUND
1. Background and Relevant Art

[0002] Computer systems and related technology affect many aspects of society.
Indeed, the computer system’s ability to process information has transformed the way we
live and work. Computer systems now commonly perform a host of tasks (e.g., word
processing, scheduling, accounting, etc.) that prior to the advent of the computer system
were performed manually. More recently, computer systems have been coupled to one
another and to other electronic devices to form both wired and wireless computer
networks over which the computer systems and other electronic devices can transfer
electronic data. Accordingly, the performance of many computing tasks is distributed
across a number of different computer systems and/or a number of different computing
environments.

[0003] In some computing environments, a single facility, often referred to as a “data
center”, is used to house (a potentially large number of) computer systems and associated
components, such as, for example, telecommunication and storage systems. A data center
can also include redundant or backup power supplies, redundant data controls,
environmental controls (e.g., air conditioning, fire suppression, etc.), and security devices.
The various devices inside the data center can be referred to as computing devices, which
may include various types of Information Technology (IT) devices and equipment. Use
of reliable and controlled data center environments minimizes the chance for disruption
and increases information security for entities that use the data center.

[0004] Some data centers include rows of cabinets (e.g., server racks) that are
arranged in a manner that facilitates cooling. For example, the intake of each computer is
aligned in a supply or “cold” aisle and the exhaust of each computer blowing out is
aligned into a corresponding “hot” aisle. An arrangement that separates cold airflow and
hot airflow provides at least two advantages. One provided advantage is consistent and

safe supply temperatures to the computer intake. Another provided advantage is warmer
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and drier air is returned to air conditioning (“AC”) units so as to increase cooling capacity
(tonnage).

[0005] Within a data center, the mechanical “throw rate” of supply airflow limits
what locations supply airflow can reach within a cold aisle. Other locations in the cold
aisle are provided homogenized ambient airflow as intake airflow. The homogenized
ambient airflow results, at least in part, from air stratification where a band of warmer air
with similar temperature and relative humidity are formed.

[0006] As such, containment systems can be used to separate hot and cold air. More
specifically, two types of containment, cold aisle containment and hot aisle containment,
can be used. In general, containment systems result in energy savings and increase
cooling capacity of corresponding AC units.

[0007] A cold aisle can be surrounded by end doors and a roof and potentially also
side walls. Containing a cold aisle creates an environment with consistent temperature
and relative humidity at the intake of the computing devices inside the aisle. Cold
aisle containment provides consistent airflow by creating a “pool” of cold supply air
as it enters the contained space with no outlet except through the computing devices.
Consistent airflow substantially reduces (and potentially eliminates) air stratification.
As such, cold aisle containment increases locations within a cold isle that can be
reached with intake airflow. In turn, the amount of computing devices in cabinets in
a cold aisle can also be increased.

[0008] Accordingly, disrupting containment also disrupts the delivery of cooling
airflow to the computing devices and reduces the benefits of using containment. For
example, if an aisle end door is opened in a cold air containment, cold and thus
denser air flows out the aisle end into the ambient room. Inside the containment area,
cold air would be replaced with warmer air that would flow into the cold aisle above
the “throw rate” band of air. Thus, for a period of time while the door is open, and
after which the warmer air would require replacement with cold supply air, the
cooling solution would be compromised.

[0009] Unfortunately, personnel have to enter a cold aisle form time to time to
collect data and operate devices, such as, for example, to measure environmental
conditions (temperature, humidity, airflow, inside containment, etc.), to measure
power usage effectiveness (“PUE”), access electrical systems, inventory equipment,
adjust lighting, respond to equipment malfunctions, etc. Every time containment is

disrupted the cooling solution is compromised.
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BRIEF SUMMARY

[0010] Embodiments of the present invention extend to methods, systems, and

computer program products for monitoring and controlling data center components.
Embodiments of the invention integrate a docking station into a data center containment
system. The docking station can be configured to accept a computing device. The
computing device may be configured to control and/or monitor aspects of the containment
system and/or of the computing devices inside the containment system.

[0011] A containment system may be associated with a containment area. A facility
or data center, however, may have multiple containment systems. 'The number of
containment systems in a data center may depend on the configuration of the data center.
Because the computing device is configured to control and/or monitor aspects of the
containment system and/or of the computing devices inside the containment system, a
user can visit a containment system and monitor or control the containment system
without having to break the containment. This helps maintain the efficiency of the
containment system by preventing or at least minimizing the impact of external air that
may be allowed inside the containment system when the containment is broken.

[0012] The computing device can connect wirelessly and/or via a wired connection to
the computing devices inside the containment system and/or to the containment system if
necessary. In one example, a single computing device may be used for multiple
containment systems (or for each contained area).

[0013] Because many data centers are arranged to have rows of computing devices,
the containment systems are often configured to contain aisles of the rows. As a result, a
hot aisle or a cold aisle is an example of a containment area that may be contained by a
containment system. Although embodiments of the invention are discussed with
reference to cold aisles and hot aisles, one of skill in the art can appreciate that
embodiments of the invention apply to other containment areas and containment systems
regardless of their specific configurations.

[0014] Each containment system may include a docking station configured to receive
a computing device.  The docking station can include mechanical connections for
selectively securing and releasing the computing device from the docking station.
Selectively securing the computing device in the docking station can communicatively
couple the computing device to one or more sensors within a hot and/or cold aisle (and/or
adjacent aisles) for monitoring components within the hot aisle and/or cold aisles (and/or

adjacent aisles). Selectively securing the computing device in the docking station can
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also communicatively couple the computing device to one or more controls for
controlling components within a hot and/or cold aisle (and/or adjacent aisles). At the
same time, securing the computing device in a docketing station may physically connect
the computing device to the containment system while any computer or network type
communications occur using the wireless capabilities of the computing device.

[0015] When a computing device is selectively secured, input/output devices (e.g., a
touch screen) of the computing device can be located outside of a cold aisle or hot aisle
containment area. The computing device can be connected (wired or wirelessly) to
monitoring equipment that monitors and/or collects monitoring data for one or more of:
information technology (“IT”) equipment (which includes computing devices inside the
containment system), other related devices, and environmental conditions, within a cold
aisle or hot aisle of a data center. The computing device can also be connected (wired or
wirelessly) to controls for controlling or interacting with the I'T equipment or computing
devices, other related devices, and environmental conditions within the cold aisle and/or
hot aisle.

[0016] The computing device can include a user interface for presenting monitoring
data and receiving control commands. Users can interact with the containment system
through with the user interface and the input/output devices (e.g., touch screen) of the
computing device located outside the containment area. For example, the user interface
can present monitoring data at a touch screen for one or more of: information technology
(“IT”) equipment, other related devices, and environmental conditions within a cold aisle
or hot aisle. The user interface can also receive user-entered commands at a touch screen
for controlling one or more of: information technology (“IT”) equipment, other related
devices, and environmental conditions within a cold aisle and/or hot aisle through the
touch screen.

[0017] In response to user-entered commands, the computing device can control one
or more of: I'T equipment, other related devices, and environmental conditions within a
cold aisle containment area and/or a hot aisle containment area via corresponding control
connections.  Accordingly, docking stations permit a data center operator to move
between containment locations and monitor and control a number of containment areas
with a single (mobile) computing device. Further, embodiments of the invention allow,
by way of example, I'T equipment, other related devices, and environmental conditions
within a containment area or in a containment system without breaking the containment.

As a result, the cooling system is not compromised as frequently and operating
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efficiencies are improved.
[0018] This summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor is
it intended to be used as an aid in determining the scope of the claimed subject matter.
[0019] Additional features and advantages of the invention will be set forth in the
description which follows, and in part will be obvious from the description, or may be
learned by the practice of the invention. The features and advantages of the invention
may be realized and obtained by means of the instruments and combinations particularly
pointed out in the appended claims. These and other features of the present invention will
become more fully apparent from the following description and appended claims, or may
be learned by the practice of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Figure 1 illustrates an example date center.

[0021] Figure 2 further illustrates an example of the structure of a containment

systen.

[0022] Figure 3 illustrates a hinged door.

[0023] Figure 4 illustrates a computing device.

[0024] Figure 5 illustrates a computing device integrated into a containment door.

[0025] Figure 6 illustrates example connections to a computing device.

[0026] Figure 7 illustrates a portion of data center.

[0027] Figure 8 illustrates a portion of data center.

[0028] Figure 9 illustrates front view and rear view of a containment door.

[0029] Figure 10 illustrates a mounting assembly.

[0030] Figures 11A and 11B illustrate different views of a containment door.

[0031] Figures 12A and 12B illustrate different views of a containment door.
DETAILED DESCRIPTION

[0032] Embodiments of the present invention extend to methods, systems, and

computer program products for accessing, monitoring and controlling data center
components. Embodiments of the invention integrate a user interface computing device
into a data center containment system. Examples of the computing device include, but
are not limited to, laptop computers, smartphones, tablet devices, or the like or any
combination thereof. The computing device may be able to connect to a docking station

that may be located in a containment system. The docking station may be located in a
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door of the containment system, in a wall of the containment system, or in another part of
the containment system. In one example, the docking station may be exposed on an
exterior of the data center aisle that is not inside the containment area.

[0033] The docking station can be configured to accept a computing device that is
inserted into or attached to the docking station. The docking station can include
mechanical connections for selectively securing and releasing the computing device from
the docking station. Selectively securing the computing device in the docking station can
communicatively couple the computing device to one or more sensors within a hot and/or
cold aisle (and/or adjacent aisles) for monitoring components within the hot aisle and/or
cold aisles (and/or adjacent aisles). Selectively securing the computing device in the
docking station can also communicatively couple the computing device to one or more
controls for controlling components (including the computing components or IT
equipment) within a hot and/or cold aisle (and/or adjacent aisles). The docking station
may also provide electrical connections including, but not limited to, power lines and data
lines.

[0034] The docking station may be inset into the door, wall, or other portion of the
containment system. In this example, the computing device, when removably secured,
may be flush with the outer surface of the containment system. This allows the
computing device to remain connected to the containment system without hindering
certain operational aspects of the containment system. For example, if it becomes
necessary to open a door, the computing device could remain connected while the door is
opened. The docking station may also hold the computing device such that the user is not
required to support the computing device while operating the computing device.

[0035] The docking station may be configured with flexible tabs that flex when the
computing device is inserted. The tabs may have an edge that overlaps with the edge of
the computing device one the computing device is fully inserted. The computing device
can be removed by flexing the tabs and removing the computing device. The docking
station may alternatively have one or more bars or latches that when connected hold the
computing device in place without interfering with the display or the input/output
devices. The bars and latches may overlap edges of the computing device. Tabs and bars
or latches can be include in the docking station and are examples of components that are
configured to overlap an edge of the computing device and hold the computing device in
place at least while in use.

[0036] When a computing device is selectively and/or removably secured,
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input/output devices (e.g., a touch screen) for the computing device can be located outside
of a cold aisle or hot aisle containment area. The computing device can be connected
(wired or wirelessly) to monitoring equipment that monitors and/or collects monitoring
data for one or more of: information technology (“I'T”") equipment, other related devices,
and environmental conditions, within a cold aisle or hot aisle of a data center. The
computing device can also be connected (wired or wirelessly) to controls for controlling
the IT equipment, other related devices, and environmental conditions within the cold
aisle and/or hot aisle.

[0037] In response to user-entered commands, the computing device can control one
or more of: I'T equipment, other related devices, and environmental conditions within a
cold aisle containment area and/or a hot aisle containment area via corresponding control
connections. Accordingly, docking stations permit a data center operator to move
between containment locations and monitor and control a number of containment aisle
locations with a single (mobile) computing device.

[0038] Embodiments of the invention provide an intelligent aisle containment system
that is accessible via at least one aisle end doors or access. The containment area for an
aisle containment system can correspond to a cold aisle or a hot aisle. As previously
stated, a cold aisle or a hot aisle is an example of a containment area, which may have
other configurations. The containment system, through an integrated computing device,
can control I'T components, other related devices, and environmental conditions within a
cold aisle and/or hot aisle without having to disrupt the containment area. For example, a
computing device integrated into a containment system (e.g., in a door of the containment
system) can control security, equipment, inventory, lighting, and other similar aspects of a
cold aisle or a hot aisle or other containment area. The computing device can be
connected (wired or wirelessly) to other devices for controlling operation within the
containment area. In some embodiments, the computing device is connected to existing
cold aisle and/or hot aisle systems that would otherwise have to be monitored manually
(resulting in containment area disruption).

[0039] The containment system contains a containment area by providing one or
more of at least one door, a roof, a contained connection to an air conditioning system,
one or more walls, or the like. Because a data center often includes rows or racks of
computing equipment, the containment systems are configured such that the air is
directed through the computing equipment from a cool side to a hot side. In effect, the

rows or racks of equipment become a portion of the containment system. The other
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portions of the containment system are arranged such that air flow primarily occurs
through the computing equipment. As a result, the configuration of the containment
system may depend on the arrangement of the rows or racks or, more generally, of the
computing equipment in the data center.

[0040] In some examples, the containment system may be associated with a network
operation center (NOC). However, the portability of the computing device and the ability
to interface directly with a containment system can be advantageous. or example, some
data centers such as high security centers often prohibit electrocin devices such as phones,
tablets, thumb drives, cameras, recording devices, or the like from entering the data
center. As a result, this may lead to the containment areas being breached or broken
when it is necessary to monitor or control the computing equipment of the environment.
Embodiments of the invention can provide the ability to prevent containment areas from
being broken even in high security data centers since the computing devices may already
be present inside the data center and are not removed from the data center. As a result,
the containment systems can be monitored/controlled without having to break the
containment provided by the containment systems.

[0041] Embodiments of the invention provide portable control for containment
systems and containment areas.

[0042] The following information, by way of example only, can be provided,
accessed, monitored, and or controlled using a computing device that is associated with a
containment system:

¢ Environmental Conditions
o Temperature
= Readings by cabinet (Bottom U, Middle U, Top U)
= Readings of aisle average
o Relative humidity
= Readings by cabinet (Bottom U, Middle U, Top U)
= Readings of aisle average
o Readings of airflow volume (CFM)
o Negative Air Pressure
o Wireless sensors will read acquire data and send to a console (e.g., the
display) attached to the computing device.
o AC controls
= Adjust temperature and relative humidity
=  Adjust fan speed and volume
¢ PUE measurement and optimization
e Security
o Video and still photography inside the aisle
o Video and still photography at the outside door
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= The three-axis gyroscope can be used to turn on and off the camera
system if the door is moved or opened
= Audio warnings can be played to inform people around the
containment
o Electronic Access Control Systems (ACS), which allow only authorized
individeals 1o enter the containment. This could include biometric
safeguards, such as palm readers, iris recognition, and fingerprint readers.
o Aisieentry log
¢ [T equipment inventory
o Location (cabinet/U)
Status
Serial number
Dates
Process
o A computing device compass can be used to identify location
e Lighting
o Control of aisle lighting so as to save energy
o Lights off when the aisle is empty
o Ambient light sensor
e Alarm
o Red flashing alarm for quick identification of aisle where an immediate
response is required
¢ [T equipment monitoring
o Individual IT status
o Server Administration
o [IT Dashboard
o Desktop PC access (secured)
e Facility messenger
o Instant messages can be sent from the computing device to key personnel
for instant response such as cleanup, security, and safety.
e Fire suppression
o Bypass switch
o Monitor

0 O O O

[0043] In some embodiments, a containment system (e.g., the containment system
door) may be integrated with a computing device. The portion of the containment
system, such as the door, that is integrated or that may be removably connected with the
computing device may include or be made of any suitable material (e.g., made from glass,
acrylic, a polycarbonate material, or any other suitable material). The structures of the
containment system, such as doors, ceilings, walls, or the like may be transparent, solid,
partially transparent, have windows, or the like. FEach containment system may include a
docking station configured to receive a computing device. The portion of the
containment system may contain a computing device so that the computing device is

accessible from outside the containment system. The computing device can be operated
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by a touch interface in one example. The computing device can include cameras. One
camera can record images within a corresponding containment area. The other camera
can record images of users using the computing device. The computing device can
include or interface with a motion sensor that activates a user facing camera when motion
is detected at or near the touch interface. The height of the tablet computing device from
the floor is configurable for convenient access by a user.

[0044] A containment door, or other portion of the containment system, can be
configured with connectors, for example, a 30 pin dock connector or the like. The
connecters can provide power (e.g., Universal Serial Bus (“USB”) power) for powering
the computing device as well as connections to various sensors. A computing device can
be connected to connectors of a containment door or other portion of the containment
system. Many types of connectors may be used and the connections can be wireless in
some examples.

[0045] The containment system may include a door having a width that extends
between two rows or racks in a data center. The other end of the containment system
opposing the door may also be a second door or may be an end wall. A roof is typically
provided that is connected to the door and the end wall. The roof is also mounted to the
two racks. The door and the opposing end wall (or second door) are also connected to the
floor. The door of the containment system is configured to open as discussed in more
detail below. When the door is a sliding door, the front end of the containment system
may also include a front wall that includes a pocket.

[0046] The roof, doors, and walls are typically configured such that leakage (air
entering or leaving) the containment area is minimal (e.g., 3% or less, or 2% or less, or
1% or less) when the containment system is closed. The bottoms of the walls and doors
may be formed to press against the floor to close the containment area while still allowing
movement necessary to open the door. For example, the bottom of the door may be a
material that is configured to slide on the floor such as a thick brush or a flexible rubber
piece.

[0047] The connections between the roof and the wall may be integral or sealed to
prevent leakage into or out of the containment area. Any areas where movement of the
containment system is expected (e.g., between a door and the floor, between the door and
the door frame) may include a cover that allows movement while preventing leakage.
[0048] In addition, the various connections between the containment system and the

computing device that may be removably mounted are configured to account for
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movement. For example, the electrical connections provided in the docking station may
be configured to account for movement of the door.

[0049] The containment system may also include a conduit to a vent or other air
ingress/egress (access) point. The roof, for example, may be connected to the air access
point such that the connection can be sealed. The connection may be sealed with any
suitable material or may be configured to account for relative movement and maintenance
access. For example, the edges of the roof (or other portion of the containment system)
that connects to the air access may have a flexible rubber plate mounted thereon that
presses against a surface of the air access. The flexible plate can press against the surface
of the air access point to prevent leakage while still allowing for movement.

[0050] A data center may include both hot containment areas and cold containment
areas. 'The containment systems are often configured to contain either the cold areas or
the hot areas, although the containment systems could contain both (in separate
containment pods).

[0051] The containment systems often provide a path for air flow. For a containment
system for a hot containment area, the hot air exiting the IT devices is contained by the
containment system and directed via a return path to the AC system in one example. In a
containment system for a cold containment area, the output of the ac system is contained
and directed to the air intake portions of the IT devices in the data system or of the
containment area.

[0052] In both cases, mixing of the hot air and the cold air is minimized. This
prevents reductions in efficiencies and helps maintain adequate temperatures, humidity,
etc., inside of the containment areas.

[0053] In some embodiments, a data center contains a plurality of cold aisles. As
such, a computing device can be integrated into a containment door (or other portion of
the containment system) at each of the plurality of cold aisles. When a plurality of
integrated computing devices are used, data acquired at each of the plurality of integrated
computing devices can be combined. Data can be synched between integrated computing
devices to compile data for consolidated reporting or other functions.

[0054] Figure 1 illustrates an example date center 100. As depicted data center 100
includes a number of racks of Information Technology components (e.g., servers). Racks
of IT components are grouped together with cold aisles separating different groups of
racks. Groups of racks also have external hot aisles. In generally, cooler air (e.g., in the

range of 18-22 degrees Celsius) is released into cold aisles, such as, for example, through
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a raised floor. The intake side of rack components accepts air from a corresponding cold
aisle. The exhaust side of rack components outputs warmer air into external hot aisles.
[0055] The following discussion discusses containment systems and containment
areas in the context of racks and aisles. One of skill in the art can appreciate, with the
benefit of the present invention, that embodiments of the invention can be applied to other
containment area configurations and to different sizes of containment areas. The hot and
cold aisles are examples of potential containment areas.

[0056] For example, cold aisle 102 separates racks 103A-103E and racks 103F-103J.
Cooler air is released into cold aisle 102. The intake side of components in racks 103A-
103J accepts air from cold aisle 102. The exhaust side of components in racks 103A-
103E output warmer air into hot aisle 104B. Similarly, the exhaust side of components in
racks 103F-103]J output warmer air into hot aisle 104A.

[0057] Likewise, cold aisle 112 separates racks 113A-113E and racks 113F-1131.
Cooler air is released into cold aisle 112. The intake side of components in racks 113A-
1131 accepts air from cold aisle 112. The exhaust side of components in racks 113A-
113E output warmer air into hot aisle 114B. Similarly, the exhaust side of components in
racks 113F-1131 output warmer air into hot aisle 114A.

[0058] Along the same lines, cold aisle 122 separates racks 123A-123F and racks
123F-123J. Cooler air is released into cold aisle 122. The intake side of components in
racks 123A-123J accepts air from cold aisle 122. The exhaust side of components in
racks 123A-123E output warmer air into hot aisle 124B. Similarly, the exhaust side of
components in racks 123F-123] output warmer air into hot aisle 124A.

[0059] Portions of each cold aisle can be contained within one or more containment
doors and one or more containment walls. For example, cold aisle 102 is contained by
containment door 101 and containment door/wall 106 (which in different embodiments
can be either another containment door or a containment wall). Cold aisle 112 is cold
aisle 102 is contained by containment door 111, containment wall 117 (since the number
of racks on each side of cold aisle 112 differ), and containment door/wall 116 (which in
different embodiments can be either another containment door or a containment wall).
Cold aisle 122 is contained by containment door 121 and containment door/wall 126
(which in different embodiments can be either another containment door or a containment
wall).

[0060] In some embodiments, cold aisles also include a top portion that reduces

cooler air leakage out of the top of the cold aisles. Raised floor portions at or around cold
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aisles can also be sufficiently sealed to reduce cooler air leakage out of the raised floor
portions.

[0061] Computing devices can be mounted to and/or integrated into any of the
containment doors or other portions of the containments systems depicted in Figure 1.
The computing devices can collect data monitored within corresponding cold aisles and
can send commands (e.g., in response to used input) to adjust settings, conditions,
devices, etc, within the corresponding cold or hot aisles. The computing devices can also
be connected (wirelessly or wired) with one another and with other computing devices,
systems, and modules (e.g., an aggregation module that synchronizes data for
consolidated reports). The computing devices can also be used to perform operations
such as check email, install updates, or the like using the IT equipment inside the
containment area without breaking the containment (e.g., without entering the
containment area).

[0062] Any of a variety of different containment door configurations can be used
including but not limited to aisle end dual sliding containment doors, dual sliding doors,
dual sliding containment doors, single sliding containment doors, and hinged doors.
Figure 2 illustrates an example of a containment system 200 that includes a dual sliding
door with sliding door portion 201 A and sliding door portion 201B. Figure 3 illustrates a
hinged door 301 that may also be included in a containment system such as illustrated in
Figure 3. Figures 2 and 3 further illustrate that the containment system may have various
configurations that can account for the computing equipment or racks or that account for
the environment.

[0063] Figure 2 further illustrates an example of the structure of a containment system
200. The containment system 200 includes a door 201C that includes a door portion
201A and 201B. The door 201C is a sliding door and includes a door frame 202 in which
the door 201C is mounted. The frame 202 extends past the aisle and is mounted to the
racks 224 and 226. A connection or an interface 204 between the frame 202 and the rack
224 may be sealed. Similarly, an interface 206 between the door portion 201A and the
frame 202 may also be sealed to prevent or reduce air leakage while still enabling the
door to be opened. As discussed herein, the interface 206 may be a flexible rubber plate
or a thick brush that is mounted to the frame 202 and that presses against the door portion
201A. The frame 202 may be similarly configured for the door portion 201B. 'The
interface 218 between the door 201C and the floor may also be configured to prevent or

reduce air leakage.
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[0064] The containment system 200 may also include a roof 226 that is mounted to
the racks 224 and 210 and to the frame 202. The door 201C may be mounted to a front of
the frame 202, which may facilitate sealing a connection between the roof 226 and the
frame 202. In this example, the roof 226 includes a connection or interface 214 to the
tops of the racks 224 and 210. Sides 222 of the roof 226 may extend to the ceiling and
are connected by a connection or interface 216. The side 220 of the roof 226 may
connect to the ceiling and the frame 202.

[0065] The connection or interface 208 between the frame 202 and the floor may be
more permanent. Alternatively and depending on leakage tolerances, the containment
system 200 may rest on the floor and may not require any sealing. The space between the
frame 202 and the floor (or between the roof 226 and the racks 224 and 210) may be
sufficiently small such that leakage is not a concern. The back end of the containment
system 200 may be a wall that extends to contain the containment area or may be
configured as a second door. The computing device may be mounted in the frame 202,
the door 201C, the opposing end wall 228, or the like. Figure 3 illustrates another
example of a roof and a different configuration for the door frame.

[0066] Figure 4 illustrates a computing device 401, which may be a tablet device, a
laptop computer, a smartphone, or the like or combination thereof. Computing device
401 can be integrated into a containment door, such as, for example, an aisle end dual
sliding containment door, a dual sliding door, a dual sliding containment door, a single
sliding containment doors, and hinged door. For dual sliding doors, a tablet or other
computing device can be integrated into one portion of the door. The computing device
could be integrated into other structure of the containment system such as the walls. The
location where the computing may be integrated may depend on the configuration of the
containment area and the arrangement of computing or I'T devices inside the containment
area. Por example, in Figure 2, a computing device can be integrated into door potion
201B. Alternatively, the door portion 201B may be configured to removably receive the
computing device.

[0067] Figure 5 illustrates a computing device integrated into a containment door. As
depicted, containment door 501 includes door handle 502. Containment door 501 can be
made of a clear material (e.g., glass, acrylic, a polycarbonate material, etc.) that permits a
user to see through containment door 501. Containment door 501 may also be made of
any other material than may not be clear. The containment door 501 may alternatively

have windows or the like. Computing device 503 can be removably or permanently
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mounted into containment door 501. Computing device 503 can include a touch screen
504. Monitored data related to a cold aisle environment or a hot aisle environment, I'T
resources mounted in a rack, and auxiliary devices can be displayed at touch screen 504.
Touch screen 504 can present a virtual keyboard 506. A user can use virtual keyboard
506 to enter data and comments into computing device 503. Computing device 503 can
use (wireless and/or wired) connections to various controls within a cold aisle or a hot
aisle to effectuate changes within the cold aisle or the hot aisle. The computing device
503 may also be configured to make adjustments to a remotely located air conditioning
controller so as to control air flow, air temperature, or the like. As such, a cold aisle
and/or a hot aisle can be changed without disrupting the containment of the cold aisle
and/or the hot aisle.

[0068] Figure 6 illustrates example connections to a computing device. As depicted,
computing device 601 can communicate with sensors and/or controls through connections
602.

[0069] Racks of IT equipment can have a variety of different arrangements within a
data center. In some embodiments, rows of IT racks are arranged together with
alternating cold aisles and hot aisles between rows. The intake for I'T equipment in the IT
racks can draw air from a cold aisle. The exhaust for I'T equipment in the I'T racks output
air into a hot aisle. In these embodiments, cold aisles, hot aisles, or both cold aisles and
hot aisles can be contained.

[0070] Figure 7 illustrates a portion of data center 700. As depicted, I'T racks 707A-
707G are arranged around hot aisles 701 A-701D and cold aisles 702A-702C. In Figure 7,
cold aisles are contained. Containment door 703A and containment door/wall 703B
contain cold aisle 702A. Containment door 704A and containment door/wall 704B
contain cold aisle 702B. Containment door 706A and containment door/wall 706B
contain cold aisle 702C. As such, a computing device can be mounted on each of
containment doors 703A, 704A, and 706A to monitor and, when appropriate, adjust
environmental conditions of cold aisles 702A, 702B, 702C and equipment in
corresponding IT racks respectively. Of course, the computing device can be mounted
elsewhere on the containment system. Often, the door is selected because the rows or
racks essentially form the walls of the computing system. As a result, the computing
device may be mounted at the aisle ends or in the door at at least one of the aisle ends.
[0071] In some embodiments, a computing device on a cold aisle containment door

also monitors one or more aspects of a corresponding hot aisle or vice versa. For
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example, a computing device on containment door 703A can also monitor aspects of hot
aisle 701A. The horizontal ellipsis in Figure 7 indicates that further cold aisles, I'T racks,
and hot aisles can continue in a similar pattern. The vertical ellipses indicate that other
rows of I'T racks, cold aisles, and hot aisles can be included in data center 700.

[0072] Figure 8 illustrates a portion of data center 800. As depicted, I'T racks 807A-
807G are arranged around cold aisles 801A-801D and hot aisles 802A-802C. In Figure 8,
hot aisles are contained. Containment door 803A and containment door/wall 803B
contain hot aisle 802A. Containment door 804A and containment door/wall 804B contain
hot aisle 802B. Containment door 806A and containment door/wall 806B contain host
aisle 802C. As such, a computing device can be mounted on each of containment doors
803A, 804A, and 806A to monitor environmental conditions of hot aisles 802A, 802B,
and 802C respectively. Based on monitored environmental conditions in a hot aisle, a
computing device on a hot aisle containment door can adjust the environment of a
corresponding cold aisle and/or equipment in corresponding I'T racks.

[0073] Further, computing devices on hot aisle containment doors can also monitor
environmental conditions of corresponding cold aisles, such as, for example, 801A, 801B,
801C, 801D, etc., and equipment in IT racks. The computing devices can consider
information for cold aisle and IT rack equipment when adjusting the environment of a
cold aisle and/or equipment in I'T racks

[0074] In further embodiments (not shown), containment doors and/or containment
walls are used to contain both cold aisles and hot aisles within a data center. Computing
devices can be included on hot aisle containment doors, cold aisle containment doors, or
some combination of both hot aisle and cold aisle containment doors.

[0075] Figure 9 illustrates front view and rear view of a containment door 901
respectively. As depicted, tablet device 902 is mounted on the side of containment door
901 visible in the front view. The side of containment door 901 visible in the view is the
side that is external to containment and thus can be accessed by a user without disrupting
a containment area.

[0076] Figure 10 illustrates a mounting assembly 1004 that can be mounted in a
containment door. Computing device 1001, face plate 1002, and mounting plate 1003 can
be combined into mounting assembly 1004. Other mounting assemblies may also be
considered. The mounting assembly 1004 may be configured such that when mounted,
the computing device is flush with the containment door (or other portion of the

containment system). The mounting system may hold the computing device. 'The



10

15

20

25

30

WO 2013/148884 PCT/US2013/034171

17

mounting assembly may hold the computing device with sufficient force so that a user
can operate the computing device easily and such that the computing device could be
removed. In some embodiments, the computing device may be a permanent part of the
containment system. Alternatively, the computing device may be removable and may be
associated with multiple containment systems or areas in a facility or data center, for
example. When inserted into a mounting assembly, the computing device may be able to
automatically identify which containment system or containment area is being connected
to.

[0077] The mounting assembly 1004 may be integrated with a containment door or be
mounted on a surface of the containment door. Connectors, including mechanical and/or
electrical and/or data connections may be run through an interiof of the face plate 1002 or
other portion of the mounting assembly 1004. These connectors may also be run through
an interior of the door and to an interior of the containment system, where they may be
connected with various sensors or other equipment. The connectors are configured to
account for movement of the door if necessary.

[0078] The connectors may enter the docking area 1005 through a bottom of the face
plate 1002. The connectors, such as the connector 1006 may be sufficient to hold the
computing device 1001 in place during operation. The docking area 1005 may also be
sufficiently large such that the computing device 1001 can be mounted on the connector
1006 or to allow a user’s fingers to grasp the computing device 1001 when removing the
device 1001. Alternatively, an eject device may be provided that can be pressed by a user
to eject the device with a lever, for example. This may enable the size of the docking area
1005 to be reduced and fit tightly with the computing device 1001.

[0079] An exterior of the docking area 1005 may be provided with flexible tabs that
can grasp an edge of the computing device 1001 and securely hold the computing device
1001 in place.

[0080] The mounting assembly 1004 may be placed on a door or other portion of the
containment system such that the operation of the containment system is not impaired by
the mounting assembly 1004. For example, the mounting assembly 1004 may be placed
on a sliding door. If the door is attached to the frame as illustrated in Figure 11A, for
example, the mounting assembly 1004 does not interfere with door movement.

[0081] Figures 11A and 11B illustrate different views of a containment door 1101.
Containment door 1101 includes mounting assembly 1104, which can contain a tablet

device for monitoring and/or adjusting environmental conditions within an aisle and/or I'T
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equipment.

[0082] Figures 12A and 12B illustrate different views of a containment door 1201.
Containment door 1201 includes mounting assembly 1204, which can contain a
computing device for monitoring and/or adjusting environmental conditions within an
aisle and/or I'T equipment.

[0083] In some embodiments, different components of a computing device are in
different locations. Thus, a display device can be mounted on a containment door and
other components of a computing device, such as, for example, a processor and system
memory are in another location. For example, a touch screen can be mounted on a
containment door and a processor and system memory connected to the touch screen can
be included in an adjacent I'T rack. A user can still interact with the computing device to
monitor and/or adjust environmental conditions and/or I'T equipment without disrupting
containment.

[0084] In some embodiments, a mounting assembly, such as, for example, similar to
mounting assembly 1004, 1104, 1204, etc. is configured as a docking station. The
docking station can be integrated into a door panel. The docking station can be
configured to accept a computing device, such as, for example, a tablet computing device,
a smartphone computing device, or the like, inserted into the docking station. The
docking station can include mechanical connections for selectively securing and releasing
the computing device from the docking station. Selectively securing the computing
device in the docking station can communicatively couple the computing device to one or
more sensors within a hot and/or cold aisle (and/or adjacent aisles) for monitoring
components within the hot aisle and/or cold aisles (and/or adjacent aisles). Selectively
securing the computing device in the docking station can also communicatively couple
the computing device to one or more controls for controlling components within a hot
and/or cold aisle (and/or adjacent aisles).

[0085] Accordingly, a computing device can be inserted into and secured within the
docking station. When secured, the tablet computing device can monitor and/or control
hot aisles and/or cold aisles as appropriate. When monitoring and/or controlling are
completed, the computing device can be removed from the docking station. The use of
docking stations can reduce hardware costs since computing devices can be moved
between different containment doors/walls, etc.

[0086] For example, a data center operator can bring a tablet computing device with

them and dock the tablet computing device into a containment door of a specific hot or
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cold aisle location within a data center. After docking, the data center operator can
establish a connection with components in that specific hot or cold aisle containment
location for monitoring and system control. Accordingly, the data center operator is able
to view available information associated with that containment location from outside the
containment. After completing work at the containment location, the data center operator
can un-dock the tablet computing device and move on to another location within the data
center.

[0087] Accordingly, embodiments of the invention preserve containment airflow by
maintaining a consistent static pressure differential. Embodiments also maintain cooling
temperature and relative humidity in the cold aisle. Warmer and potentially contaminated
outside air is preventing from entering a containment area. An integrated computing
device can provide information for both IT and facility personnel in one location.

[0088] Embodiments of the present invention may comprise or utilize a special
purpose or general-purpose computer including computer hardware, such as, for example,
one or more processors and system memory, as discussed in greater detail below.
Embodiments within the scope of the present invention also include physical and other
computer-readable media for carrying or storing computer-executable instructions and/or
data structures. Such computer-readable media can be any available media that can be
accessed by a general purpose or special purpose computer system. Computer-readable
media that store computer-executable instructions are computer storage media (devices).
Computer-readable media that carry computer-executable instructions are transmission
media. Thus, by way of example, and not limitation, embodiments of the invention can
comprise at least two distinctly different kinds of computer-readable media: computer
storage media (devices) and transmission media.

[0089] Computer storage media (devices) includes RAM, ROM, EEPROM, CD-
ROM, solid state drives (“SSDs”) (e.g., based on RAM), Flash memory, phase-change
memory (“PCM”), other types of memory, other optical disk storage, magnetic disk
storage or other magnetic storage devices, or any other medium which can be used to
store desired program code means in the form of computer-executable instructions or data
structures and which can be accessed by a general purpose or special purpose computer.
[0090] A “network” is defined as one or more data links that enable the transport of
electronic data/communication between computer systems and/or modules and/or other
electronic devices. When information is transferred or provided over a network or

another communications connection (either hardwired, wireless, or a combination of
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hardwired or wireless) to a computer, the computer properly views the connection as a
transmission medium. Transmissions media can include a network and/or data links
which can be used to carry desired program code means in the form of computer-
executable instructions or data structures and which can be accessed by a general purpose
or special purpose computer. Combinations of the above should also be included within
the scope of computer-readable media.

[0091] Further, upon reaching various computer system components, program code
means in the form of computer-executable instructions or data structures can be
transferred automatically from transmission media to computer storage media (devices)
(or vice versa). For example, computer-executable instructions or data structures
received over a network or data link can be buffered in RAM within a network interface
module (e.g., a “NIC”), and then eventually transferred to computer system RAM and/or
to less volatile computer storage media (devices) at a computer system. Thus, it should
be understood that computer storage media (devices) can be included in computer system
components that also (or even primarily) utilize transmission media.

[0092] Computer-executable instructions comprise, for example, instructions and data
which, when executed at a processor, cause a general purpose computer, special purpose
computer, or special purpose processing device to perform a certain function or group of
functions. The computer executable instructions may be, for example, binaries,
intermediate format instructions such as assembly language, or even source code.
Although the subject matter has been described in language specific to structural features
and/or methodological acts, it is to be understood that the subject matter defined in the
appended claims is not necessarily limited to the described features or acts described
above. Rather, the described features and acts are disclosed as example forms of
implementing the claims.

[0093] Those skilled in the art will appreciate that the invention may be practiced in
network computing environments with many types of computer system configurations,
including, personal computers, desktop computers, laptop computers, message
processors, hand-held devices, multi-processor systems, microprocessor-based or
programmable consumer electronics, network PCs, minicomputers, mainframe
computers, mobile telephones, PDAs, tablets, pagers, routers, switches, and the like. The
invention may also be practiced in distributed system environments where local and
remote computer systems, which are linked (either by hardwired data links, wireless data

links, or by a combination of hardwired and wireless data links) through a network, both
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perform tasks. In a distributed system environment, program modules may be located in
both local and remote memory storage devices.

[0094] Accordingly, in some embodiments, different types of computing devices may
be used. The devices may have the same or different operating systems. And the
software may be configured to interface with sensors, computers, or the like using
appropriate protocols and interfaces.

[0095] Embodiments of the invention include components that are connected to one
another over (or is part of) a network, such as, for example, a Local Area Network
("LAN"), a Wide Area Network (“WAN"), and even the Internet. Accordingly, each of
the components as well as any other connected computer systems and their components,
can create message related data and exchange message related data (e.g., Internet Protocol
(“IP”) datagrams and other higher layer protocols that utilize IP datagrams, such as,
Transmission Control Protocol (“TCP”), Hypertext Transfer Protocol (“HTTP”), Simple
Mail Transfer Protocol (“SMTP”), etc.) over the network.

[0096] The present invention may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are to be
considered in all respects only as illustrative and not restrictive. The scope of the
invention is, therefore, indicated by the appended claims rather than by the foregoing
description. All changes which come within the meaning and range of equivalency of the

claims are to be embraced within their scope.
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CLAIMS
What is claimed:
1. A containment door for containing an aisle within a data center, the

containment door comprising:

a door panel constructed of a material, wherein the door panel is
configured to open and close, wherein a containment of the aisle is disrupted when
the door panel is opened; and

a docking station configured to accept a computing device inserted into the
docking station, the docking station including:

communication connections to one or more sensors within the aisle
and/or at least one adjacent aisle, the one or more sensors collecting sensor
data for one or more of: rack mounted information technology (“IT”)
components that either intake air from or exhaust air into the aisle,
auxiliary devices related to operation of the aisle and/or the at least one
adjacent aisle, and environmental conditions within the aisle and/or the at
least one adjacent aisle;

communications connections to one or more controls for
controlling one or more of: the rack mounted information technology

(“IT”) components, the auxiliary devices, and the environment conditions

within the aisle and/or the at least one adjacent aisle; and

mechanical connections for selectively securing and releasing the
computing device from the docking station, selectively securing the
computing device in the docking station, communicatively coupling the
computing device to the communication connections to one Or more
sensors and to the communications connections to one or more controls.

2. The containment door of claim 1, wherein the docking station comprises a
mounting assembly configured to accept a tablet computing device.

3. The containment door of claim 1, further comprising a motion sensor, the
motion sensor for sensing motion at or near the docking station.

4. The containment door of claim 1, wherein the door panel comprises a door
panel of one of: an aisle end dual sliding containment door, a dual sliding containment
door, a single sliding containment door, and a hinged door.

5. The containment door of claim 1, wherein communication connections to

one or more sensors within the cold aisle comprise wired and/or wireless connections to
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one or more sensors that monitor temperature and relative humidity of air within the cold
isle.

6. The containment door of claim 1, wherein the aisle comprises a cold aisle.

7. The containment door of claim 1, wherein the aisle comprises a hot aisle
and the at least one adjacent aisle includes a cold aisle.

8. A containment system for containing at least one aisle within a data center,
the containment system including a data aggregation module and a plurality of
containment doors,

each of the plurality of containment doors comprising:

a door panel constructed of a material, wherein an aisle corresponding to
the door panel is disrupted when the door panel is opened; and
a docking station integrated into the door panel, the docking station
configured to accepting a computing device inserted into the docking station, the
docking station including:
connections to one or more sensors within the aisle, the one or
more sensors collecting sensor data for one or more of: rack mounted
information technology (“I'T”) components that intake air from or exhaust
air into the aisle, auxiliary devices related to operation of the aisle and/or
at least one adjacent aisle, and environmental conditions within the aisle
and/or the at least one adjacent aisle;
connections to one or more controls for controlling one or more of:
the rack mounted information technology (“I'T”’) components, the auxiliary
devices, and the environment conditions within the aisle and/or the at least
one adjacent aisle;
mechanical connections for selectively securing and releasing the
computing device from the docking station, selectively securing the
computing device in the docking station communicatively coupling the
computing device to the communication connections to one Or more
sensors and to communications connections to one or more controls; and

a data aggregation module including connections to each of the docking stations
so as to receive collected sensor data from computing devices that are selectively secured
into the docking stations, the aggregation module configured to synchronize collected
sensor data from the selectively secured computing devices with one another to compile

the collected sensor data into a consolidated report.
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9. The containment system of claim 8, wherein the docking station comprises
a mounting assembly configured to accept a tablet computing device.

10. The containment system of claim 8, further comprising a motion sensor,
the motion sensor for sensing motion at or near the docking station.

11. The containment system of claim 8, wherein the door panel comprises a
door panel of one of: an aisle end dual sliding containment door, a dual sliding
containment door, a single sliding containment door, and a hinged door.

12. The containment system of claim 8, wherein communication connections
to one or more sensors within the cold aisle comprise wired and/or wireless connections

to one or more sensors that monitor temperature and relative humidity of air within the

cold isle.

13. The containment system of claim 8, wherein the aisle comprises a cold
aisle.

14. The containment system of claim 8, wherein the aisle comprises a hot aisle

and the at least one adjacent aisle includes a cold aisle.

15. The containment system of claim 8, wherein the computing device is
configured to record at least one of video data and audio data when inserted into the
docking station.

16. The containment system of claim 15, wherein the video data includes
video data inside the at least one aisle and outside the at least one aisle.

17. The containment system of claim 8, wherein the docking station includes
components configured to overlap an edge of the computing device when the computing
device is inserted into the docking station and hold the computing device in place at least
while in use.

18. The containment system of claim 8, wherein the computing device is
configured to be mounted in multiple containment doors.

19. The containment system of claim 8, further comprising a roof and an end
portion opposing the door panel, and a door frame in which the door panel is mounted,
wherein the roof, the end portion, the door frame, and the door panel are connected in a
manner to contain the aisle such that air flow is directed through the rack mounted
information technology components, wherein the roof, the end portion, the door frame,
and the door panel are connected such that a leakage of air into or out of the containment

system is within a tolerance level.
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20. The containment system of claim 19, wherein electrical connections to the
computing device run through an interior of the door panel.

21. A containment system for containing a containment area in a data center,
the containment system comprising:

a structure including:

at least one wall;

a door frame;

a door mounted in the door frame;

a roof, wherein the at least one wall, the door, the door frame, and
the roof are arranged to define a containment area with respect to
computing equipment; and

a computing device, wherein the structure is configured to removably receive the
computing device and the computing device is configured to control environmental
conditions within the containment area without disrupting the containment area.

22. The containment system of claim 21, wherein the door is configured to
removable receive the computing device.

23. The containment system of claim 21, wherein the containment area
includes either a hot aisle that receives air that has passed through the computing
equipment or a cold aisle that contains air to be passed through the computing equipment.

24. The containment system of claim 21, wherein the computing device is
configured to control the computing equipment without having to disrupt the containment
area.

25. The containment system of claim 21, wherein the structure includes
interfaces that are configured such that a leakage of air into or out of the containment area
is within a tolerance level.

26. The containment system of claim 25, wherein the interfaces include an
interface between the door and the door frame, an interface between the structure and the
floor, and an interface between the structure and the computing equipment.

27. The containment system of claim 21, wherein the computing device is
configured to control the environmental conditions of multiple structures, each structure
defining a separate containment area.

28. The containment system of claim 21, wherein the door includes a
mounting assembly having a docking area, wherein the computing device is mounted the

docking area.
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29. The containment system of claim 28, the mounting assembly further
including components configured to overlap the computing device when inserted in the
mounting assembly such that the computing device is removably retained in the docking
area.

30. A method for monitoring environmental conditions in a data center, the
method comprising:

mounting a computing device in a first structure, wherein the first structure
defines a first containment area that controls air flow related to computing equipment,
wherein the computing device is mounted outside of the first containment area;

controlling environmental conditions of the first containment area with the
computing device without disrupting the first containment area;

mounting the computing device in a second structure that defines a second
containment area; and

controlling environmental conditions of the second containment area without
disrupting the second containment area.

31. The method of claim 30, further comprising removable mounting the
computing device in a door of the first structure, wherein the door includes a mounting
assembly configured to removably receive the computing device.

32. The method of claim 31, further comprising controlling the computing
equipment inside the first containment area and inside the second containment area using
the computing device without disrupting the first containment area or the second

containment area.
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