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(57) Abstract: An example method of flattening a circuit board assembly includes attaching the circuit board assembly to a structure
having dimensions that partly enclose a space, where attachment of the circuit board assembly to the structure creates an air-tight
seal over the space, and where the structure has at least one port in fluid communication with the space. The method also includes
applying vacuum pressure to the space via the at least one port, where the vacuum pressure forces at least part of the circuit board
assembly toward the space, and dispensing thermal interface material selectively onto parts of the circuit board assembly while the

vacuum pressure is applied.
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FLATTENING A CIRCUIT BOARD ASSEMBLY USING VACUUM PRESSURE

TECHNICAL FIELD
This specification describes exampies of systems for flaltening & circuil board

assembly using vaguum pressurg.

BACKGROUND
A circuit board assembly may bow or bend during a manufacturing process. For
exampls, the center or middie of the circuit board assembly may be elavated above all
or parts of sides of the circuit board assembly. This bowing or bending can have an
adverse sffect on operations performed during manufaciuning processes that involve the

circuit board assembiy.

SUMMARY

An example mathod of flaltening a circuit baard assambly includes altaching the
circuit board assembly {0 a struciure having dimensions that partly enclose a space,
where attachment of the circuit board assembly o the structure creates an air-light seal
over tha space, and whers the structure has at least one port in fluid communication
with the space. The method also includes applying vacuum pressure {0 the space via
the at lsast one part, whare tha vacuum pressure forees at isast part of tha circuit board
assembly toward the space, and dispensing thermal interface material selectively onio
parts of the circuit board assembiy while the vacuum pressure is applisd. The method
may inciude one or more of the following features, either alone or in combination.

The parts of the circuit board assambly may include components on a surface of
the circuit board assembly. The thermal interface material may be dispensed onto
surfaces of the components. Applying vacuum pressure may reduce, in a vertical
dimension, deviations in height of a stack comprising the circult board assembily and the
structure. The thermal interface material may not, in some examples, be dispensed
onto all or some regions of the circuil board assembly that do nol include the

compaonents.
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Absent vacuum, the circuit board assembly bows, at least in part, relative (o the
structure. The vacuum pressure may be applied at sufficient magnitude and for a
sufficient duration to reduce, or to eliminate, bowing of the circuit board assembily
refative to the structure. The vacuum pressureg may be appliad at sufficient magnitude
and for a sufficient duration {0 cause the circuit board assembly 1o become flal.

The structurs may include a gasket that craates the airdight seal over the space
betweaen the circuit board assembly and the structure. The structure may include ribs
within the space. Locations of the ribs may correspond o locations of the circuit board
assembly that do not include components. The ribs may be configured to allow fluid
communication with the at least one port throughout the space.

The structure may includes alignment ping.  Altaching the circuit board assembly
o the structure may include aligning the slignment ping of the structure to
correspanding holes in the circuit board assembly. Aligning the alignment pins may
reduce, in horizonial dimensions, mechanical tolerance in a slack comprising the circuit
board assembly and the structure. The mechanical tolerance may be in relation to a
position of the circuit board assembly withint a system used o perform the method.

The method may be perfarmead using a machine that supplies the vacuum
pressure. The struchure and the circuit board assembly may be at an oblique angle
reiative (0 a substantially rectangular surface of the machine. The method may include
causing the parts of the circud board assembly onto which the thermal interface material
is dispensed to contact a thermal plate. The methad may also include removing the
structure from the circuit board assembly. The thermal plate may be or include a
cooling plate.

An example system for flaltening a circuit board assembly includes a structure
having dimensions that enclose a space such that attachment of the circuit board
assembly to the struciure crestes an air-tight seal over the space. The structure has at
least one port in fiuid communication with the space. The system includes a vacuum
source to apply vacuum praessure {o the space via the at least one port. The vacuum
pressure is of sufficient magnitude and duration to force at least part of the circuit board
assembly toward the space. The system ailso includes a robot o dispanse thermal

interface material salectively onto parts of the circuit board assembly while the vacuum
2
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pressure is applied. The systern may inciude one or more of the following features,
gither alone or in combination.

The parts of the circuit board assembly may include components on a surface of
the circuit board assembly. The robot may be controlled {o dispense the thermal
irterface malterial onto surfaces of the components. The robot may be controlied notto
dispense thermal interface material onto regions of the circult board assembly that do
not include the components.

Absent vacuum, the circuit board assembly bows, at igast in part, relative to the
structure. The vaguum source may be controlled to apply the vacuum pressure at
sufficient magnitude and for sufficient duration to reduce, or to eliminate, bowing of the
circuit board assembly relative {0 the structure. The vacuum source may be controlied
to apply the vacuum pressure al sufficient magnitude and for a sufficient duration {o
cause the circuit board assembly {0 become flat.

The structure may include a gaske! that creates the air-tight seal over the space
betwsen the circuit board assembly and the structure. The structure may include ribs
within the spage. Locations of the ribs may correspond o locations of the circuit board
assembily that do not include components. The ribs may be configured {o allow fluid
communication with the at least one port throughout an entirety of the space. The
structure may include alignment pins that are at iocations that correspond to locations of
holes in the circuit board assembly.

The system may include a machine having a substantially rectangular surface for
holding the structure. The machine may ncilude the vacuum source. The struciure and
the circuit board assembly may be at an oblique angle relative to a substantially
recitangular surface of the machine.

Any two or more of the features described in this specification, including n this
summary section, may be combined to form implementations not specifically described
int this specification.

The sysiems described herein, or portions thereof, may be control, at least in
part, via a computer program product thal includes instructions that are stored on one or
maore non-transifory machine-readable storage media and that are executable on one or
more processing devices {e.g., microprocessor(s), application-specifiad integrated

3
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circuit(s), programmed logic such as field programmable gate array(s), or the like). The
systems described herein, or portions thereof, may be implemented as one or more
apparatus or a method and may include one of more processing devices and computer
memory {0 stors exacutabls instructions to implement contral of the various functions.
The apparatus, systems, method, and/or components described herein may be
configurad, for example, through dasign, construction, arrangement, placement,
programming, operation, activation, deactivation, andfor control,

The details of one or more implementations are set forth in the accompanying
drawings and the following description. Other features and advantages will be apparent

from the description and drawings, and from the claims.

DESCRIPTION OF THE DRAWINGS

Fig. 7 is a top view of an exampile structure for use in flattening a circult board
assembiy.

Fig. 2 is a side perspective view of the exxample structurs of Fig. 1.

Fig. 3 is a top view of an example circuit board assembly.

Fig. 4 is a side perspactive view of the example circuit board assembly of Fig. 3.

Fig. & is a top view of another example structure for use in flattening a circuit
board assembly.

Fig. 8 is a top view of ancther example structure for use In flatiening a circuit
board assembly, which is oriented at an obligue angle.

Fig. 7 is a side pergpeactive view of the example structure of Fig. 1 having a
gasket mounted thereon.

Fig. 8 is a block diagram of a system for flatiening a circuit board assembly and
for adding thermat inferface material to circuit board assembly components.

Fig. 8 is a flowchart showing an example process for manufacturing a device,
such as test instrument, containing a flattened circuit board assembly.

Fig. 10 is a block diagram showing how a cold plate is combined with an
assembly containing a circuit board assembly and a structure for flattening the circuit

board assembly.
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Fig. 11 15 a biock diagram showing a combination of the cold plale, the assembly
containing the circutt board assembly, and the structure for flatiening the circuit board
assembly.

Like reference numerals in different figures indicate like elements.

DETAILED DESCRIPTION

Described herein are example implementations of systems and processes for
flattening & circuit board assembly using vacuum pressure. An exampie of such a
system includes a siructure having dimensions that partly enclose a space { volume.
Adtachment of the circuit board assembly (o the structure cregltes an air-tight seal over
the gpace. The structure includes al least ong port in fluid communication with the
space. A vacuum source connects (o the pori{s) to apply vacuum pressure to the
space. The vacuum pressure is of sufficient magnitude and duration to force a bowed
or bent part of the circuit board assembly toward the space, thereby flattening the circuit
board assembly so that all parts of the circult board assembly are in substantially the
same plane. Arobot is configured to dispense thermal interface material (T}
selectively onto paris of the circuit board assembily while the vacuum pressure is
applied. The robot is controlied to deposit the TIM on the assumption that the circuit
board assembiy is flal. Bows or bends in the circuit board assembly could cause the
rabot to deposit the TiM at the wrong locations on the circult board assembly. However,
because the circult board assembly has been flattened by the vacuum pressure, there is
greater likelihood that the robot will depostt the TIM at the intended locations on the
circuit board assembly, thergby potentially reducing manufacturing errors.

Fig. 1 shows 8 lop view exampie of an example structure 10 of the type
described above, and Fig. 2 shows a side perspective view thereof Structure 1018
rectangular in shape; howaver, any appropriate shape may be used. For example,
struciure 10 may be square, frapezoidal, or irregularly shaped. Structure 10 includes
botiom surface 12 and sidewalls 14, 15, 16, and 17. Together, surface 12 and sidewalls
14 to 17 partly enclose a volume, or space 20, In the examples describad herein, space
20 is enciosed on five sides, with its top open, as shown. As described below, structure

10 is configured - for example, sized and shaped - so that a circuit board assembly,
5
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such as a printed circult board assembly (PCBA), fils over its top 21, theraby enclosing
space 20. In some implementations, the opening at the top 21 of structure 10 has the

same size {e.g., area) and shape as those of a circuit board assembly that fits over the
structure’s top.

Structure 10 also includes one or more ribs 22a (o 228 within the space. The ribs
nclude walls having 2 height that is the same as, or substantially the same ag, the
height of sidewalls 14 1o 17, In this context, "substantially the same ag” encompasses
manufacturing variations or minor iregularities in the height of the ribs andfor sidewalls.
The ribs provide stability and support the circuilt board assembly. The ribs are located
within the space based on the locations of structures contained on the circuit board
assembly that fits over the top of siructure 10. In an exampie, the ribs are at locations
that correspond o locations on the circuit board assembly that do not include
components.

Referring to Figs. 3 and 4, g circuit board assembily, such as circuit board
assembly 25 (Fig. 4 omits tha circuilt board assembly components}, may be comprised
of @ substrate that holds components and conductive fraces andfor layers. The circuit
board assambly contains two surfaces, its mounting swface 27 and its bottom 28 The
mounting surface 27 is where componenis 28, such as active and passive electronic
devices (a.g., programmable logic 28a, memory 28D, resistor 26¢, and other types of
componeanis), can be mounted, and slectrically connecled to, the circuit board
assembly. The bottom 28 typically doss not include components, although in some
mplementations the botiom of the circuit board assembly may include components.
The bottom may be whers the circuit board assembly connacts to another structure,
aither electrically, meachanically, or both electrically and mechanically. For the example
of Figs. 3 and 4, there are no components on the mounting or bottom surfaces of circuit
board assambly 25 that are along locations 30a to 30s, which correspond to ribs 22a to
22e on structure 10, This reduces that chances that the ribs will damage any
components when circuit board assembiy 25 is attached to structure 10 and when the
vacuum source is applied.

Referring back 1o Figs. 1 and 2, the ribs are arranged 10 enable fluid

communication throughout an entirety of space 20. That is, the ribs may include holes,
&
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openings, or pathways through which air can pass o or from all locations within space
20. In this example, there is an opening 32 between ribs 22¢ and 22d, through which
air may pass o sub-space 33. There I8 a8is0 an opening 34 between ribs 22a and 220,
through which air may pass. In this context, a sub-space includes one or more regions
of a space, such as space 20, that is partly enclosed by one or more of the ribs.

Fig. 5 shows another example structure 40, which has the same function as
siructure 10 but which has a different rib configuration. Here, ribs 42a and 42b include
an apening 41, through which air passes between sub-spaces 40a and 40b.

Referring back to Fig. 1, structure 10 includes at least one / one or more air
pori{s) 353, 35b in fiuid communication with space 20, Air may pass 1o or from the ports
o all regions of space 20, The ports are configured — for example, sized, shaped, and
air-tight — 10 connect to a vacuum source 37, such as a compressor, air pump, or the
like, or a component thereof for craeating & vacuum to suction air from space 20 or, in
some cases, to introduce air inlo space 20, In an exampie, vacuyum source 37 may
nclude, or connact {0, one or more hoses 373, 37k, The ports 35z, 35k also may be
configurad o connect to respective hoses 37a, 37h through which pressure, including
the vacuum prassure, is applied to space 20

In some implementations, the hoses may be at locations that make connection to
the ports difficult or inconvenient. Accordingly, as shown in Fig. 8, a8 structure 50, which
is & variant of structures 10 and 40, may be disposed an a maching 51 having a
substantially rectangular surface for holding the struciure during processing using the
technigues described herein. Maching 51 18 connected o, or includes, the vacuum
source {not shown). Machine 51 holds the structure {and the circuit board assembily on
the structure) af an obligue angle 52 {&.g., an angle that is not a right angle or a muitiple
of g right angle)} relative io a substantially rectanguiar surface of the machine. Haolding
the structure at an oblique angle facililates and enables connection between hoses 53,
53b and respeactive ports 54a, 54b on structure 50, That is, in this example, the hoses
need not be bent or extended o make the connection the ports on the structure.

Refarring back to Figs. 1 and 2, fitting a circuit board assembly an top of
structure 10 encloses space 20, When enclosed, space 20 is air-tight and will prevent

air from entering or escaping. Space 20 may still be considered air-tight if smal
K
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amounts of air enter or escape from the space, where those small amounts of air that
gscape or enter do not prevent or significantly interfere with flattening the circuit board
assembly using vacuum pressure as described herein. Referring also to Fig. 7, in some
mplementations, to improve or promota an air-tight seal batween circuit board
assembly 25 and struclure 10, 3 gasket 56 may be placed on top of structure 10, along
all or part of its outer parimeter. Gasket 58 may be made of rubber, plastic, or other
pliable or soft material that enables creation of an air-tight seal between the circut
board assembly, the gaskel, and the structure when the circult board assembly is on the
gaskel In some implementations, the gasket may be part of the structure. For the
purposes described herein, a circuit board assembly that is “on” the structure may
nclude a circuit board assembly placed directly onto the structure with no gasket ar a
circuit board assembly placed onto a gasket that is on, or partly of, the structure.

Referring back to Figs. 1 and 2, structure 10 may also include two or more
alignment pins 58 and 58. Alignment pins 58 and 59 align to correspending holes 61
and 82 {Fig. 3} through circult board assembly 25. 5o, when circuit board assembily 25
is fit onfo struciure 10, the glignment pins 58, 59 it into respective holes 61, 80, thereby
ensuring that circust board assembly 25 is in a proper or intended placement on
structure 10.

Referring to Fig. 8, structure 10 is part of a system 85 for manufacturing & device,
such as a test instrument, that includes circuit board assembly 25 on structure 10/
gasket 56 and that is flaltened, at least temporarily, using the lechniques described
herein. System 65 includes vacuum source 37, such as those described above, (o
apply vacuum pressure via ports 35z, 35k (Fig 1) to air-tight space 20 enclosed by
structure 10 and circuit board assembly 25. The vacuum pressure is of sufficient
magnitude and duration to force the bowed or bent parts of the circuits board toward the
space and theraby flatten the circuit board assembly. In an example, the vacuum
prassure is above 20 inches of mercury, .¢., 20 10 24 inches of mercury. However, the
vacuum prassure 18 not imited to these values.

Systemn 85 alse includes a robat 86, which is mounted on gantry 867 and
configured for movement in the X dimension 88, the Y dimension 88, and the £

dimension 70 relative to circult board assembly 25, For example, robot 86 may be
8



16

fe3
i

30

WO 2023/224873 PCT/US2023/021999

mounted on rail 74 and move in the X dimension 68 along rail 70, Rail 70 may be
mounted to rail 71 and move in the Y dimension 58 to also move the robot inthe Y
dimension. Robot 68 may include an actuator or the like to cause its TiM dispenser 72
to move in the £ dimeansion closer o a component 286a. Alternatively, robot 65 may be
mounted close snough te components on mounting surface 27 50 as not to require £
dimansion movement. Robot 86 is configured {o dispense TIM selactively onto
companents andfor pari{s) of the surface of the circuit board assembly that does not
include components while the vacuum pressure is applied. Although one robot is
shown, system 65 may include multiple robols for depositing the TIM.

Az explained above, mounting surface 27 of circuit board assembiy 25 includes
components. Some of those components generate heat. Examples of componants that
generate heatl include, but are not limited to, programmabile logic such as a fisld-
programmable gate array {(FPGA), an application-specific integrated circuit {ASIC),
memory such as random access memaory (RAM), and resistors. Heat buiid-up can
adversely affect the operation of the circuit board assembly. Accordingly, a thermal
plate, such as cold plate 75 {(Fig. 9}, may be used to conduct heat from the components
on the circuit board assembly. The cold plate 75 may be made of metal or other
thermally-conductive matenial and may be temperaturg controlled, for exampie, by the
control system described herein using a refrigerant or other cooling mechanism, 1o
maintain a certain temperature such as at or below 70° Fahrenheit (°F), st or below
50°F, at or below 50°F, or lower. The components on the circuil board assembly andfor
parts of the circuit board assembiy that do not include components (e.g., the board
substrate), may be brought into thermal contact with the cold plate, thereby causing
heat from the components and/or circuit board assembly to transfer to the cold plate.

Thermal contact between the cold plate and the components andfor parts of the
circuit board assembly that do not include components may be implemented by the TiM.
That is, all or some of the components andfor parts of the circult board assembly that do
not include components may be in physical cordact with a TiM and that TIM may be in
physical contact with the cold plate. In some implementations, the TIM may be made
from any compliant, thermally conductive and slectrically isolating material. For

example, the TIM may be, or include, a.g., paraffin wax andlor silicons based materials.
g
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The TiM may be deposited onto the components and/or onto parts of the cireut board
assembly that do not have components by robot 66 in a semi-solid or gel-like form. The
coid plate is then brought into contact with the TIM, thereby creating a thermai path,
through the TiM, betwsen the cold plate and the componeants andfor parts of the board
surface containing the TIM. In some implementations, the TiM is aliowed {0 curg or
harden prior to contact with the cold plate, resulting in a TIM that is pliable, deformabile,
and soft enough to create the tharmal interface between the cold plate and the
components andfor portions of the circuit board assembly containing the TIM.

Robot 86 may be controlled by the control system to move {o pre-programmed
locations over mounting surface 27 of circuil board assembly 25 and, at each pre-
programmed location, (o deposit a pre-programmed amount of TIM, The pre-
programmed locations may correspond o locations of components, such as Z26a, 261,
that genarate heat such as those described above andior locations on the circuit board
assembly itself that require thermal control (e.g., cocling). That is, the TiM is applied to
the surfaces of such components. The pre-programmead amounts may be based on the
area to be covered. For example, larger amounts of TiM may be required for
components having larger surface areas; whereas smaller amounts of TiM may be
required for components having smaller surface areas. The thickness of the TiM layer
that is deposited may be based on the type of the material, the heat al issug, the
location where tha TIM is deposited, andfor the fragility of the circuit board assembly
andfor components. For exampie, thicker TiM layers may be used for more fragile
components 1o reduce potential damage o those componenis when the circuit board
assembly comes into contact with the cold plate. For example, thicker TiM layers may
be used for the parts of the board that do not contain components 10 enable contact
between those TIM layers and the cold plate, since the components have height that
could otherwise interfers with such contact. The exampie of Fig. 8 shows robot 66
having deposited TiM 28 on component 28f before moving on to another component
26a. Note that only two components of circuit board assembily 25 are shown for
simphcity. As shown in Fig. 3, for example, circult board assembly 25 contains more

than two components.

10
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As shown in Fig. 8, control system 76 may include one or more processing
devices 77, examples of which are described herein. Control system 76 also includes
memory 78 sioring compuder code or instructions 79 that isfare executable by the one or
more procassing devices to perform at least part of the processes described hersin for
controlling operation of vacuum source 37, operation of robot 86, and any other
appropriats automated functions that are described herein

As noted above, robol 88 is controlled to move over locations over the mounting
surface and to deposit the TIM at pre-programmed locations on the surfacs of the
components andfor the circuit board assembly itself. The pre-programmed locations,
however, are defined with respect o a flat circult board assembly; that is, a circuit board
assembly having a substrate that is planar or substantially planar in shape (8.g., withno
more than 5%, 4%, 3%, 2%, or 1% variation in ils planarity / surface height). However,
the substrate, and thus the circult board assembly, may bow or bend, as described
above. This may be a resull of heal, humidity, or other environmental factors. The
bowing or bending may slavate parts of the circuit board assembly and, as a result,
affect the locations of the components andfor the parts of the circuit board assembly
without componants where the TIM is {o be deposited. This can lead to errors in
deposiing the TIM. Accordingly, the techniques described herein and process 80
described below with respect to Fig. § are used 1o flatten the circult board assembly
prior 0 applying the TIM so that all parts of the circuit board assembly are in
subslantiaily the same plane when the TiM is applied by the robot. This flatiening may
reduces the chances that the robot will deposit the TIM at the wrong locations.

According to process 80, circuit board assembly 25 is placed (80a) over struclure
10 and in contact with gasket 56 on structure 10, This configuration is shown in Fig. 8.
Placement may be performed manually or automatically {e.¢., using robotics — not
shown) and may align holes in circuit board assembly 25 {0 corresponding alignment
pins of structure 10, Circuit board assembly 25 is aiso piaced against gasket 58,
mounting-side up, using sufficient foree o create an air-tight seal, or substantially air-
tight seal, between circult board assembly 25 and the gasketfstructure 10

Either before, during or after placement {80a) of the circuit board assembly,

vacuum source 37 is connected (o ports 35z, 380 (Fig. 1) on structure 10 via hoses 373,
11



16

fe3
i

30

WO 2023/224873 PCT/US2023/021999

37b. The hoses may be part of the structure, the vacuum source, or another machine.
It any case, control system 76 controls the vacuum source 1o apply (80b) vacuum
pressure (o space 20, which is air-tight and enciosed by circuit board assembiv 25, The
vacuum pressure is of sufficient magnitude and duration to force or to draw the part(s)
of circuit board assembly 25 that isfare bowed or bent toward the space and thereby
flatten the circult board assembly, making the substrate of the circult board assembly
substantially planar. Applying vacuum pressure may reduce, in a vertical dimension,
deviations in height of a stack / assembly 81 that includes circuit board assembly 25,
gasket 56, and structure 10. The magnitude and duration of the vacuum pressure
requirad 1o foree or to draw the part of the circuit board assembily that is bowed or bent
toward the space may depend, for example, on the size of the space, the size of the
circuit board assembly, andfor the amount of bowing or bending. in an example, the
magnitude of the vacuum pressure is above 20 inches of mercury or 20 to 24 inches of
mercury. The duration of the vacuum pressure may be for the entirety of the time that
the robot applies the TIM and through whean the cooling plate 75 contacts the TIM.

in this regard, following application {(80b) of the vacuum prasswre o flatten the
circuit board assembly and while the vacuum pressure is continually applied, robot 88 is
controlled by control system 76 to deposit {B0c) the TiM selectively onto surfaces of the
componeanis andfor portions of the circut board assembiy that do not contain
components. The robot applies the TiM salectively in the sense that the robot applies
the TiM {o the pre-programmed locations, which may leave parts of the substate,
conductive traces, andfor ong or morg components TiM-free; that is, with no TiM on
them. However, in some cases, all components and the entirety of the circuit board
assembly’s mounting surface 27 may be covered in TIM

After all TIM has been applied, the resulting assembly — that is, structure 10,
gasket 58, circuil board assembily 25, and TIM 28 — is partially deconstructed in that
structure 10 is removed (80d). For exampie, air may be introduced into space 20, 8.9,
by reversing operation of vacuum source 37 to force structure 10 and circuit board
assembly 25 apart or to loosen their connection. Structure 10 may then be removed
from the assembly manually or using robotics (not shown). The remainder — circuit
board assambly 25 and TiM 28 - are then moved, sither manually or using robotics (not
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shown) o a compression system where they are combined (80f) with a structure, which
may be structure 10 and gasket 58, and with the a cold plate 75, The combination is
implemenied without use of vacuum pressure or other fastening mechanisms. For
gxample, referring to Fig. 10, structure 10, gasket 56, circuit board agsembly 25
containing TiM 28, and cold plate 75 may be combined by placing them in a stack. The
resulting stacked assembly 81, which is shown in Fig. 11, is inserted into & compression
meacharism (not shown}). The compression mechanism applies force in the direction of
arrows 20a, S0b 1o foree the cold plate into thermal contact with the TIM.

Specifically, the cold plate contacts the TiM on the components andfor on the
part of the circuit board assembly not containing the components, thereby creating, via
the TIM, a thermal pathway between the cold plate and the components andfor the pant
of the circuit board assembly not containing the components. The cold plate, the circuit
board assembly, and the struciure may be brought into contact manualily or
automatically using robotics {not shown). In some implementations, cold plale 76 may
also include holas 83, 84 o align to alignment pins 58, 58 of structure 10 to ensure
proper placement of the cold plate. That is, the alignment pins 58, 58 may protrude
through holes 81, 6D in circuit board assembly 25 such that they may engage
corresponding holes 83, 84 in the cold plate. The amount of pressure applied to bring
the cold plate, the circuil board assembily, and the structure into contact may be
sufficiently great to enabla thermal conduction, via the TIM, between the cold plate and
all or part of the circuit board assembly, yet not so great as to damage the circuit board
assembly, including the components mounted thereon.

Alter the assembly and the cold plate are compressed, combined assembly 81 s
remaved (80g) from the compression system, sither manually or using robotics {not
shown). The circuit board assembly and the cold plate may be fastenad (B0h) together
using screws or other typa(s) of fastener{s). Theraafter, struciure 18, including gasket
58, may be removed {801 from the remainder of the combined assembly. For example,
structure 10, including gasket 56, may then be removed from the cold plate / TIM /
circuit board assembly manually or using robotics {not shown). The resulting combined

circuit board assembily and cold piate, minus structure 10 and gasket 56, may be used
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in a system, such as a taest system. For example, the resulting assembly may be, or be
part of, a test instrument for a test system.

An example test instrument is a hardware device configured o send fest signals
toa DUT. The test signals may include stimull, such as voltage or current, to elicit
regctions in the DUT. The test instrument may also be configurad (o receive signals
from the DUT, including response signais {o the test signals, and to analyze those
signals from the DUT to determine whether the DUT has passed for failed lesting — for
gxample, whether the reactions to the stimuli are what they were expected o be. For
example, the test instrument may compare the response signal to one or more
predefined thresholds and, based on the comparnsan, determine whether the DUT has
passead for failed testing.  Exampies of types of {est mstrumenis that may use the
resulting assembly include, but are not limited to, a radio frequency (RF) test
nstrument, a digital test instrument, and a parametric tast instrument.

An sxample test system may include mulliple test instruments {8.g., one, two,
three, four, or more), which may be configured (o perform one or more types of lesling,
such as RF testing, digital testing, parametric testing, or the like. The {est sysiem also
includes a control system, which may be part of, or distributed across, one or more test
instruments or separate from the test instruments. The control system may include one
or more processing devices, exampies of which are dascribed herein. The control
system ncludes memory storing computer code or instructions that isfare exscutable by
the one or more processing devices to control testing by executing oneg or more test
programs and sending instructions o one or more of the test instruments.

All or part of the systems and processes described in this specification and their
various modifications may be configured or controlled at least in part by ong or more
computers such as control system 78 using one or more computer programs tangibly
embodied in ong or more information carriers, such as in one or more nan-transitory
machine-readabie storage media. A computer program can be written in any form of
programming language, including compiled or interpreted languages, and it can be
deploved in any form, including as a stand-aione program or as a module, part,

subrouting, or other unit suitable for use in a computing environment. A computer
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program can be deployed o be executed on one computer or on multiple computers at
one site or distributed across multiple sites and interconnected by a network.

Actions associated with configuring or controlling the test system and processes
dascrived harein can be performed by one or more programmabie procassors executing
one or more computer pragrams {o control or to perform ail or some of the operations
described haerein. Al or part of the test systems and processes can be configured or
controlled by special purpose logic circuitry, such as, an FPGA {field programmabie gate
array)} andfor an ASIC {application-specific integrated circuit) or embadded
microprocessor{s} localized to the instrument hardware.

Processors suilable for the execution of a computer program include, by way of
gxample, both general and special purpose MICroprocessors, and any one or more
processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read-only storage area or a random access storage area or
both. Elemenis of a computer include one or more processors for executing instructions
and ong or more storage area devices for storing instructions and data. Generally, a
computer will also include, or be operatively coupled to receive data from, or transfer
data to, or both, one or more machine-raadable storage media, such as mass slorags
devices for storing data, such as magnetic, magneto-optical disks, or optical disks.
Non-transitory machine-readable storage media suitable for embodying computer
program instructions and data include all forms of non-volatile storage area, inchuding by
way of example, semiconductor storage area devices, such as EPROM {(erasable
programmable read-only memary), EEPROM {slectrically serasabie programmabie read-
only memory}, and flash storage area devices; magnstic disks, such as internal hard
disks or removable disks, magneto-optical disks; and CO-ROM {compact disc read-only
memaory) and DVD-ROM (digital versatile disc read-only meamory).

Elements of different implementations described may be combined to form other
implementations not specifically set forth previously. Elements may be left out of the
systemns described previousily without adversely affecting their operation or the
opearation of the system in general. Furthermore, various separate elements may be
combined into one or more individual elements {o perform the funclions described in this
specification.

15
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Gther implementations not specifically described in this specification are also
within the scape of the following claims.

What is claimed is:
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1. Amethod compriging:

attaching a circuit board assembly (0 a structure having dimensions that partly
gnclose a space, where attachment of the circuit board assembly 1o the struciure
creates an air-tight seal over the space, the struciure having at least one port in fluid
communication with the space;

applying vacuum prassure to the space via the at least ona port, the vacuum
pressure foreing af least part of the circult board assembly toward the space; and

dispensing thermal interface material selectively onto parts of the circuit board

assembly while the vacuum pressure is applied.

2. The method of claim 1, whergin the parts of the circult board assambly
comprise components on a surface of the circuit board assembly; and
wherein the thermal interface material is dispensed onito surfaces of the

componsants.

3. The method of claim 1, wherein applying vacuum pressure reduces, in a
vertical dimension, deviations in height of a stack comprising the circuit board assembly

and the structure.

4. The method of claim 2, wherein the thermal interface material is not
dispensed onto regions of the circuit board assembly that do not include the

componesnts.

5. The method of claim 1, whersin, absent vacuum, the circuit board assembly
bows, at least in part, relative 10 the siructure; and

wherein the vacuum pressure is applied at sufficient magnitude and for a
sufficient duration (o reduce, or {o gliminate, bowing of the circuit board assembly

relative {o the structure.
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8. The method of claim 5, wherein the vacuum pressure is applied at sufficient
magnitude and for a sufficient duration to cause the circuit board assembly to become
flat.

7. The method of claim 1, wherein the structure comprises a gaskel that creales

the air-tight saal over the space betwaen the circuit board assambly and the structure.

8. The method of claim 1, wherein the structure comprisas ribs within the space,
where locations of the ribs correspond to iocations of the circuit board assembly that do

not include componants.

3. The method of claim 8, wherein the ribs are configured 1o allow fluid

commurication with the at least one port throughout the space.

10 Tha method of claim 1, wherein the structurs comprisas alignment pins; and
wherain attaching the circuit board assembly 1o the structure comprises aligning

the alignmeant pins of the structure to corasponding holes in the circuit board assembly.

1. The method of claim 10, wherein aligning the alignment pins raduces, in
horizontal dimansions, machanical tolerance in a stack comprising the circuit board
assembly and the structure, the mechanical tolerance being in relation to a position of

the circuit board assembly within a system used o perform the meathod.

12. The method of claim 1, wherein the method is performed using a machine
that supplies the vacuum prassure; and
wherein the structurs and the circult board assembiy are at an ablique angle

refative (o a substantially rectangular surface of the machine.

13, Tha method of claim 1, further comprising:
causing the parts of the circuit board assembily onto which the tharmal interface
material is dispansead {o contact a tharmal plate; and
18
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removing the structure from the circult board assembiy.

14. The method of claim 13, wherein the thermal piate comprises a cooling
plate.

15 A system comprising:

a structure having dimensions that enciose a space such that altachment of a
circuit board assembly o the structure creates an air-light seal over the space, the
struciure having at least one port in fiuid communication with the space;

& vacuum source 1o apply vacuum pressure {o the space via the at least one
port, the vacuum pressure being of sufficient magnitude and duration {o force at least
part of the circuit board assembly toward the space; and

a robot to dispense themal interface material selectively onto parts of the circuit

board assembiy while the vacuum pressure is applied.

168, The system of claim 15, wherein the parts of the circuit board assembly
comprise components on a surface of the circuit board assembly; and
wherein the robot is controlied to dispense the thermal interface material onto

surfaces of the componenis.

17. The system of claim 15, wherein the robot is controlled not to dispense
thermal interface material onto regions of the circuit board assembly that do not include

the componenis.

18, The system of claim 15, wherein, absent vacuum, the circuit board assembly
bows, at least in part, relative to the structure; and

wherein the vacuum source is controlied to apply the vacuum pressure at
sufficient magnitude and for sufficient duration to reduce, or to eliminate, bowing of the

circuit board assembly relative to the structure.
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19, The system of claim 18, wherein the vacuum source is controlled (o apply
the vacuum pressure at sufficient magnitude and for a sufficient duration to cause the

circuit board assambiy to become flat.

20, The system of claim 15, wherein the structure comprises a gasket that
creates the air-tight seal over the space betwesen the circuit board assembly and the

structurs.

21. The system of claim 15, wherein the structure comprises ribs within the
space, whare locations of the ribs correspond to locations of the circuit board assembly

that do not include componeants.

22. The system of claim 21, wherein the ribs are configured to allow fluid

communication with the at [sast one port throughout an entirety of the space.

23. The system of claim 15, wherein the structure comprises alignment pins that

are at locations that correspond o locations of holes in the circuit board assembly.

24, The system of claim 15, further comprising:

a machine having 2 substantially rectanguiar surface for holding the structurs,
the machine comprising the vacuum source;

wherain the struciure and the circuit board assembly arg &l an oblique angle

relative to 2 substantially rectangular surface of the machine.
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