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POCKETED CIRCUIT BOARD

TECHNICAL FIELD
This specification relates generally to a circuit board having pockets in which

signal connections are made.

BACKGROUND
Conductive vias pass signals through a printed circuit board (PCB). Signals
can degrade as they pass through the vias. Signal speed and via length can affect
the amount of signal degfadation. Typically, signal degradation increases as signal

speeds and via lengths increase.

SUMMARY

An example circuit board structure comprises: a substrate, and vias that are
electrically conductive and thai pass through the substirate to enable electrical
connection through the circuit board structure. The substrate is thinner in first areas
of the circuit board structure that deliver first type signals than in second areas of the
circuit board structure that deliver second type signals. The example circuit board
structure may include one or more of the following features, either alone or in
combination,

Lengths of the vias may be shorter in the first areas of the substrate. The first

type signals may comprise first speed signals, the second type signals may
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comprise second speed signals and power, and the first speed signals may have a
shorter rise time than the second speed signals.

The substrate may comprise one or more pockets that are at thinner parts of
the substrate in the first areas. The substrate may comprise multiple layers, and the
one or more pockets may be formed by removal of at least some of the multiple
layers. The circuit board structure may comprise a backing plate disposed adjacent
to thinner parts of the substrate in the first areas to reinforce the substrate.

The circuit board structure may comprise an interposer adjacent to the
substrate and comprising electrical paths that connect to the vias to establish a
signal path. The interposer may comprise contacts for mating to an external device.
The interposer may comprise a structure that provides a micro-compliant electrical
path from the circuit board structure to an assembly that carries the first speed
signals to/from a source/receiver.

The circuit board structure may comprise one or more alignment pins through
the substrate for aligning to one or more connectors to the circuit board structure.

The first speed signals may have speeds that meet or exceed 16 gigabits-per-
second, and the second speed signals may have speeds that are less than 16
gigabits-per-second; or the first speed signals may have speeds that meet or exceed
16 gigahertz, and the second speed signals may have speeds that are less than 16
gigahertz. The first speed signals may have speeds that meet or exceed 32
gigabits-per-second, and the second speed signals may have speeds that are less

than 32 gigabits-per-second; or the first speed signals may have speeds that meet
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or exceed 32 gigahertz, and the second speed sig'nals may have speeds that are
less than 32 gigahertz. The first speed signals may have speeds that meet or
exceed 64 gigabits-per-second, and the second speed signals may have speeds
that are less than 64 gigabits-per-second; or the first speed signals may have
speeds that meet or exceed 64 gigahertz, and the second speed signals may have
speeds that are less than 64 gigaheriz.

Thinner parts of the substrate in the first areas may havé a thickness that is
20% or less of thicker parts of the substrate in the second areas. Thinner parts of
the substrate in the first areas may have a thickness that is 30% or less of thicker |
parts of the substrate in the second areas. Thinner parts of the substrate in the first
areas may have a thickness that is 40% or less of thicker parts of the substrate in
the second areas.

The circuit board structure may comprise a tower that mates to a
complementary pocket in another circuit board.

An example device interface board (DIB) for connection between a device
under test and test equipment comprises a circuit board structure that comprises the
following features: a substrate; and vias that are electrically conductive and that
pass through the substrate to enable electrical connection through the circuit board
structure. The substrate is thinner in first areas of the circuit board structure that
deliver first type signals than in second areas of the circuit board structure that

deliver second type signals.
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In the circuit board structure, the first type signals may comprise radio
frequency (RF) signals and the second type signals may comprise non-RF signals.
The first areas of the substrate may comprise an area that includes a first dielectric
having metal on which a microwave component is mountable, with the ﬁrst.dielectric
being adjacent to a microwave dielectric layer.

In the circuit board structure, the second areas of the substrate may comprise
an area that includes a stack of dielectric layers that that do not include a microwave
dielectric. The vias may have a diameter that is based on a thickness of the first
areas of the substrate. The vias in the first areas of the substrate may have
diameters that are less than diameters of vias in the second areas of the substrate.

An example device interface board {DIB) comprises: a substrate having a
first area of a first thickness and a second area of a second thickness, with the
second thickness being greater than the first thickness; and vias that are electrically
conductive and that pass through the first area to enabie‘ electrical connection
between the vias and a device under test, where vias that pass through the first area
are reserved for transmission of signals having at least a minimum speed. The
example DIB may include one or more of the following features, either alone or in
combination.

The DIB may comprise vias through the second area that are reserved for

~ transmission of signals that do not meet the minimum speed. The DIB may include

a backing plate disposed adjacent to the first areas to reinforce the substrate. The
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DIB may include one or more alignment pinsvthrough the substrate for aligning to
one or more connectors that are connectable to the DIB. |

The minimum speed may be 16 gigabits-per-second, 32 gigabits-per-second,
or 64 gigabits-per-second; or the minimum speed may be 16 gigahertz, 32 gigahertz,
or 64 gigahertz. The first areas of the substrate may have a thickness that is 20% or
less of the second areas of the substrate.

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

The test systems and testing described herein, or portions thereof, can be
implemented as/controlled by a computer program product that inciudes instructions
that are stored on one or more non-transitory machine-readable storage media, and
that are executable on one or more processing devices to control (e.g., coordinate}
the operations described herein. The circuit board structure described herein can be
part of any appropriate apparatus or electronic system, and is not limited to testing:

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

from the description and drawings, and from the claims.

DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cut-away view of a part of an example circuit board structure.

Fig. 2 is a close-up view of a portion of the circuit board structure.
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Fig. 3 is a section view of a spring loaded structure to which Midstrip
assemblies are mounted.
Fig. 4 is a perspective cuf-away view of a Midstrip assembly having an
interposer installed thereon
5 Fig. 5 is a perspective view of an electro-mechanical interface onto which the
device interface board is installed.
Fig. 6 is a perspective top view of a device interface board.
Figs. 7A and 7B include front and side views of parts of circuit boards.
Fig. 8 is a block diagram of automatic test equipment.
10 Fig. 9 is a side view of a circuit board structu‘re having no pockets.
Fig. 10 is a top view of example via holes and a trace on a circuit board
structure.
Fig. 11 is a side view of an example laser-drilled via.
~ Figs. 12 and 13 are side views of example circuit board structures having
15 pockets.

Like reference numerals in different figures indicate like elements.

DETAILED DESCRIPTION
Described herein are examples of circuit boards that have pockets, or
20 cavities, to implement electrical connections to vias internal to the circuit boards. By
incorporating pockets into a circuit board, total lengths of the vias within the circuit

can be decreased by making connections in parts of the circuit board where the
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pockets are located. As a result, sighal degradation caused by passage of signals
through the vias can be decreased, resulting in improved signal integrity. This effect
can be more pronounced for higher-speed signals (an example of a first type signal), -
which can degrade more than lower-speed signals (an example of a second type
signal) along the iength of a via. Examples of the circuit boards described herein are
employed in the context of automatic test equipment, however, the circuit boards are
not limited to use in testing, and may be used in any appropriate context.

Fig. 1 shows an example of a circuit board structure 10 that includes a printed
circuit board (PCB) 11 having a pocket 12 constructed to reduce the length that
signals fravel on vias through the PCB. PCB 11 may be constructed of a substrate,
such as plastic resin or other appropriate non-conductive material, and includes
conductive traces, or vias, over which signals pass befween one side 13 of PCB 11
and the other side 14 of PCB 11. The via§ may be formed by drilling holes in the
PCB and back-filling the holes with copper or other appropriate conductor. Layers of
copper or othér conductor may be incorporated into the PCB 11 to form length-wise
electrical connections across the PCB. For example, Fig. 2, which is a close-up
view that includes area 15 of Fig. 1, shows vias 17 and 18, and length-wise electfical
connections included in PCB 11. In this example, vias 17 and 18 are interconnected
through electrical connections 20. In this example, vias 21 and 22 are
interconnected through electrical connections 23. Although not shown here, in some
implementations, vias may pass through the entire thickness of the PCB, thereby

eliminating the need for length-wise electrical connections.
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Referring back to Fig. 1, pocket 12 may be a cut-out, which is formed after
construction of PCB 11 or pocket 12 may be formed during the construction of PCB
11. Pockét 12 may have any appropriate depth 24. In some implementations, about
80% of the total thickness 25 of PCB 11 is missing at the pocket, leaving about 20%
of the total thickness of the PCB, where the total thickness 25 refers to the depth of
the pocket 24 plus the thickness 26 of the circuit board remaining at the site of the
pocket. However, in some implementations, different amounts of PCB may be
missing at the pocket including, but not limited to, the following. For example, in
some implementations, about 95% of the total thickness of the PCB is missing at the
pocket, about 90% of the total thickness of the PCB is missing at the pocket, about
85% of the total thickness of the PCB is missing at the pocket, about 76% of the total
thickness of the PCB is missing at the pocket, about 70% of the total thickness of the
PCB is missing at the pocket, about 65% of the total thickness of the PCB is missing
at the pocket, about 60% of the total thickness of the PCB is missing at the pocket,
about 55% of the total thickness of the PCB is missing at the pocket, about 50% of
the total thickness of the PCB is missing at the pocket, about 456% of the fotal
thickness of the PCB is missing at the pocket, about 40% of the total thickness of the
PCB is missing at the pocket, about 35% of the total thickness of the PCB is missing
at the pocket, about 30% of the total thickness of the PCB is missing at the pocket,
about 25% of the total thickness of the PCB is missing at the pocket, and so forth. In

a specific example, a PCB is .25 inches in thickness, and 80% of its total thickness
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is missing at the pocket. The missing perc'ehtage of the circuit board, however, is
not limited to any particular value, including those listed herein.

Because part of the PCB is missing at the pocket, the PCB is thinner, and the
lengths of the vias are shorter in the pocket than in other parts of the PCB. In some
implementations, the reduction in via length is proportional to thé reduction in
thickness of the PCB substrate. For example, if there is an 80% reduction in
substrate thickness, there is a corresponding 80% reduction in via length; if there is
a 95% reduction in substrate thickness, there is a correspending 95% reduction in
via length; if there is a 90% reduction in substrate thickness, there is a
corresponding 90% reduction in via length; if there is an-85% reduction in substrate
thickness, there is a corresponding 85% reduction in via length; if there is a 75%
reduction in substrate thickness, ';here is a corresponding 75% reduction in via
length; if there is a 70% reduction in substrate thickness, there is a corresponding
70% reduction in via length; if there is a 65% reduction in substrate thickness, there
is a corresponding 65% reduction in via length; if there is a 60% reduction in
substrate thickness, there is a corresponding 60% reduction in via length; if there is
a 55% reduction in substrate thickness, there is a corresponding 55% reduction in
via length; if there is a 50% reduction in substrate thickness, there is a
corresponding 50% reduction in via length; if there is a 45% reduction in substrate
thickness, there is a corresponding 45% reduction in via length; if there is a 40%
reduction in substrate thickness, there is a corresponding 40% reduction in via

length; if there is a 35% reduction in substrate thickness, there is a corresponding



10

15

20

WO 2017/099862 PCT/US2016/052055

35% reduction in via length; if there is a 30% reduction in substrate thickness, there
is a corresponding 30% reduction in via length; if there is a 25% reduction in
substrate thickness, there is a corresponding 25% reduction in via length; and so
forth. In some implementations, the proportional reduction is not direct (e.g., 1:1),
but rather a reduction in substrate length may lead to a fraction of a reduction in via
length or some other appropriate reduction in via length.

in some implementations, the pocket is located in parts of the PCB that pass
higher speed signals (e.g., signals that have at least a predefined minimum speed),
and not in parts of the PCB that pass lower speed signals. In this context, the terms

high or higher and low or lower are relative do not have any particular numerical

connotations. In general, a higher speed signal has a rise time that is shorter than

the rise time of a lower speed signal. For digital signals, in some implementations,
the higher speed signals have speeds that meet or exceed 8 gigabits-per-second
(Gbfs), and the lower speed signals have speeds that are less than 8 Gb/s; in some
implementations, the higher speed signals have speeds that meet or exceed 10
Gbf/s, and the lower speed signals have speeds that are less than 10 Gb/s; in some
implementations, the higher speed sfgnals have speeds that meet or exceed 16
Gb/s, and the lower speed signals have speeds that are less than 16 Gb/s; in some
implementations, the higher speed signals have speeds that meet or exceed 32
Gb/s, and the lower speed signals have speeds that are less than 32 Gb/s; in some
implementations, the higher speed signals have speeds that meet or exceed 64

Gbfs, and the lower speed signals have speeds that are less than 64 Gb/s; in some

-10-
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implementations, the higher speed signals have speeds that meet or exceed 128
Gb/s, and the lower speed signals have speeds that are less than 126 Gb/s; in some
implementations, the higher speed signals have speeds that meet or exceed 256
Gb/s, and the lower speed signals have speeds that are less than 256 Gb/s; and so
forth. For analog signals, in some implementations, the higher speed signals have
speeds that meet or exceed 8 gigaHertz (GHz), and the lower speed signals have
speeds that are less than 8 GHz; in some implementations, the higher speed signals
have speeds that meet or exceed 10 GHz, and the lower speed signals have speeds
that are less than 10 GHz; in some implementations, the higher speed signals have
speeds that meet or exceed 16 GHz, and the lower speed signals héve speeds that
are less than 16 GHz; in some implementations, the higher speed signals have
speeds that meet or exceed 32 GHz, and the lower speed signals have speeds that
are less than 32 GHz; in some implementations, the higher speed signals have
speeds that meet or exceed 64 GHz, and the lower speed signals have speeds that
are less than 64 GHz; in some imblementations, the higher speed signals have
speeds that meet or exceed 128 GHz, and the lower speed 'sig nals have speeds that
are less than 126 GHz; in some implementations, the higher speed signals have
speeds that meet or exceed 256 GHz, and the lower speed signals have speeds that
are less than 256 GHz; and so forth. In some implementations, the higher speed
signals and/or the lower speed signals may have sighal speeds different than those

listed -above.

-11-
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Thicker parts 27 of the PCB, e.g., those parts that are outside of the pocket,
pass lower speed signals. Power lines and planes (not shown} may alsc be routed
through these thicker parts of the PCB. The power lines provide power to a device
or board connected to circuit board structure 10. Lower speed signals and power
signals may be less susceptible o signal degradation than higher speed signals. As
such, there is less of a need to reduce the thickness of the PCB to accommodate
these signals, and they may pass over conductors having Iohger lengths than vias
for the higher speed signals. For example, Fig. 2 shows the total via length in a
single signal path (from the pocket) that passes higher speed signals, and the total
via length in a single signal path (from outside the pocket) that passes lower speed
signals. In this example, each total via length includes contributions from two
separate vias {e.g., 17 and 18 for a higher speed signal, and 21' and 22 for a lower
speed signal). The total via length for the higher speed signal, which includes a via
connected through pocket 12, is Ieés than the total via length for a lower speed
signal, which does not include a via connected through pocket 12. |

Preserving a thicker part of the substrate for, e.g., lower speed and power
signals, may be advantageous from a structural standpoint, since the thinner parts
28 of the PCB can be more susceptible to damage. To counteract increased fragility
resulting from the missing substrate, a backing plate 29 may be placed adjacent fo,
and in contact with, surface 14 of PCB 11 on the other side of pocket 12 to reinforce
the PCB structurally. Appropriate measures must be taken to reduce the chances

that the backing plate will interfere electrically with the functionality of the PCB.

A2-
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These measures may include providing a layer of insulation on backing plate 29 and
"pack drilling” {partial removal) of the vias that interact with that portion of the PCB
that the backing plate might contact, or it may require that the backing plate be made
of e!ectrically non-conductive material. That is, since the substrate, and thus the
PCB, is thinner at the location of pocket 12, the PCB is more fragile in that region
than in its thicker regions. As a result, pressure applied when making electrical
connections to the PCB pads, which are in turn connected to vias (e.g., vias 17, 18,
21 and 22 in Fig. 2) may make the PCB more susceptible to bending or breakage at
the Ibcation of the pocket. The backing plate provides additional support, which
reduces the chances that the PCB will be damaged or even break. In some
implementations, backing plate 29 may be made of stainless steel or of any other
appropriate conductive or non-conductive material that has sufficient strength to
withstand the force needed to make an electrical connection. In some
implementations, that force is about 40 pounds {Ibs) to 50 Ibs; however, in other
implementations, that force may be 10ibs, 15lbs, ZOIbs,. 25lbs, 30lbs, 35lbs, 55Ibs,
B0lbs, 65ibs, 70lbs, and so forth. These values are examples only, and a backing
plate to withstand any appropriate force may be incorporated into the circuit board
structure described herein.

Cirduit board structure 10 may also include an interposer 30. interposer 30
includes electrical and mechanical structures to interface between vias in PCB 11
and external electrical conduits 31. In this example, external electrical conduits 31

(in this example, coaxial cable) carry electrical signals from a source, such as one or

13-
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more instrument boards and/or a test computer, to pass those signals through PCB
11 to a device under test (DUT) connected to the PCB. Therefore, in this example,
interposer 30 is constructed to accommodate a coaxial cable connection, e.g., to
establish a connection between the electrical conduit in the coaxial cable and the
vias in the PCB. In some implementations, the external electrical conduits may be a
type of conduit other than coaxial cable, in which case the interposer may be
configured differently. Generally, the interposer may be configured to accommodate
any appropriate type of electrical conduit. In the example of Fig. 1, the interposer
may include springs or be made of a material that is relatively flexible or springy to
facilitate electrical connection between each via in the PCB and a corresponding
coaxial cable electrical conduit.

In the example of Fig. 1, a Midstrip assembly 32 provides a physical interface
to the external electrical conduits. In this example, Midstrip assembly 32 includes a
structure 33, through which p_ins of the coaxial cable pass to connect to the
interposer, Structure may be made of Teflon® or any other appropriate material.
Midstrip assembly 32 or structure 33 that it is mounted onto it is spring loaded, as
shown in Fig. 3, to facilitate connection of the coaxial cable electrical conduit to
interposer. In more detail, Fig. 3 shows a screw 34 that secures structure 33 using
springs 35, to the tester interface frame assembly. Structure 33 moves in response
to force applied by the interface board that is clamped on top on interposers

direction of arrow 36, causes springs 35 to compress, thereby enabling contact

14-
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between the coaxial cable electrical conduit and a corresponding electrical contact
on the interposer (which connects to a correspoﬁding via).

As shown in Fig. 1, Midstrip assembly 32 includes element 37, which is an
electrically conductive “ferrule” that creates an electrical path between the outer
shield of the coaxial cable and the Midstrip body. llnsulators include structure 33,
which is a PTFE (Teflon®) insulator, and element 33a. Element 33b is also an
insulator, and surrounds the center conductor of the coaxial cable centering the
center conductor relative to an outer shield.

Midstrip assembly 32 fits, at least partly, inio pocket 12, and also includes
alignment pins 38 to align the Midstrip and interposer to the circuit board structure,
as described herein.

In some implementations, the Midstrip assembly is configured as one or more
towers that mate to complementary cavities or pockets in another PCB. Fig. 4
shows an exampie implementation of this type. In this exampie, tower 40 is cut-
away to reveal conduit (co-axial cable) 31, Midstrip assembly 32, interposer 30, and
alignment pins 38. In some implementations, the backing plate is not included (é.g.,
the backing plate is optional), as is the case in the implementation of Fig. 4. The
contacts at the top of interposer 30 inc!ﬂde a center conductor 40, which is a signal
contact for the external conduit, and a ground/return contact ring 41 for connection
to a ground or return line.

Fig. 5 shows an example device, in this example a pitch plate assembly 45 for

a test head, which includes towered circuit board structures 39 of the type described

15-
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herein (all of which may have the same structure, but only two of which are labeled).
Alignments pins 38 are also shown, although only two are labeled. Each tower is
configured to mate to a complementary pocket in another circuit board, with
alignment pins 38 enabling alignment between the tower and the circuit board, and
thus facilitating the connection. Fig. 6 a printed circuit board that includes cavities or
pockets that are complementary to the towers 39 of Fig. 5. Towers 39 thus fit within
pockets 43 in printed circuit board 42, with the alignment pins fitting into
corresponding holes 44. Electrical connections are made between contacts on the
towers and corresponding contaqts on the device.

In the example of Figs. 7A and 7B circuit board 61 is 1/5th the thickness of
circuit board 62. A DIB is 0.25" thick. Given the limitations of PCB fabrication, the
aspect ratio (e.g., the drill diameter as related to the thickness of the board being
drilled) of board drills is roughly 10:1. In other words, the smallest hole that can be
reliably drilled through a 0.25" thick board is roughly 0.025" in diameter. Since, in
some examples, the pocketed PCB described herein allows the drilled board
thickness to be 1/5th that which is possible using conventional technology, it follows
that the drill diameters that can be used to drill the vias also are reduced by the
same ratio or by some other appropriate amount.

If the drills used are smaller, not only can the drill size be reduced, but also
the number of return paths, colloquially called “grounds”, can be increased
significantly (as shown in Fig. 7A, which shows six grounds 64 versus the two

grounds 65 shown in Fig. 7B). A single pair of a signal and a return via (shown in

18-
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Fig. 7B) can be a relatively poor quality transmission line, whereas the group shown
in Fig. 7A having a single signal surrounded by six returns will typically result in not-
only improved shielding from crosstalk but also improved impedance control. In
turn, the improved impedance control will typically result in improved signal fidelity
(reduced insertion loss) and reduced return loss, which may be significantly above
and beyond the simple improvement that results from the reduced via lengths.

It is typically not possible, due to board space limitations, to replicate the via
pattern shown in Fig. 7A on the board of Fig. 7B due to space limitations.

Although the example of Figs. 5 and 6 uses circuit board structure 10 in a
testing context, the circuit board structure described herein is not limited to testing or
to the examples provided in the figures, and may be used in any appropriate context.

The DIB, represented in part by Fig. 5, may be incorporated into a test
system. [n this regard, to test quantities of components, manufacturers commonly
use automatic test equipment (ATE) (also referred to as "testers”). In response to
instructions in a test program set (TPS), some ATE automatically generates input
signals to be applied to a device under test (DUT), and monitors output signals. The
ATE compares the output signals with expected responses to determine whether the
DUT is defective. ATE typically includes a computer system and a test instrument or
a single device having corresponding functionalities.

Referring to Fig. 8, an example ATE 50 for testing a DUT 58 includes a tester
(or “test instrument”) 52. DUT 58 may be interfaced to a DIB 60, which may have a

pocketed PCB structure of the type described herein

47-
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Tester 52 may include a number of channels. To control tester 52, sysfem
includes a computer system 54 that interfaces with tester 52 over one or more
electrical connections 56. In an example operation, computer system 54 sends
commands fo tester 52 to initiate execution of routines and functions for testing DUT
58. Such executing test routines may initiate the generation and transmission of test
signals to the BUT 58 and collect res'ponses from the DUT. Various types of DUTs
may be tested by system 50. In some implementations, the DUTs may be RF,
microwave, or other wireless devices. In some implementations, the DUT may be
any appropriate semiconducior or other device, such as an integrated_circuit (IC)
chip (e.g., memory chip, microprocessor, analog-to-digital converter, digital-to-
analog converter, etc.) or other devices.

To provide test signals and coliect responses from the DUT, 52 is connected
to an interface to the internal dircuitry of DUT 58. For example, the DUT may be
inserted into a socket in DIB 60, which may be implemented using a pocketed PCB
of the type described herein, and which contains interfaces to electrical connections
between the BUT and an instrument module in the tester. -

Another exampie implementation of a pocketed PCB is described below. In
this regard, when combining microwave circuitry, logic, and control circuitry on a
single PCB, dimensional and signal integrity requirements can create fabrication
problems. Use of a pocketed PCB may enable manufacture of a PCB that combines

microwave components and fine pitch digital integrated circuits (ICs). The use of a
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pocketed PCB may also improve microwave signal performance in which very fine
pitch (e.g., 0.4mm pitch or less) components are used.

Fig. © shows a conventional PCB 70 for use with microwave components that
transmit radio frequency (RF) signais (an example of a first type signal) and fine
p'itch digital ICs that transmit digital or other non-RF signals (examples of second
type signals). Inithe example of Fig. 9, PCB 70 includes two thicker layers T'i, 72 of
microwave dielectric and four thinner layers 74 of FR-4 dielectric. Dielectrics are
generally classiﬂed into non-RF (e.g., FR-4, G-10, etc.) dielectrics and RF or
microwave dielectrics (e.g., PTFE, Rogers 4360, etc.), where the microwave
dielectrics typically have better electrical performance and are more expensive. FR-
4 dielectric is a composite typically made of woven fiberglass cloth with an epoxy
resin binder. Microwave dielectric is a dielectric in which pérmittivity and loss are
controlled more tightly than FR-4, and is used to maintain the signal integrity of
microwave signals. The FR-4 layers include circuit traces for routing signals, and
metal pads on which circuit components may be mounted.

In Fig. 9, all components may be surface-mounted to layers L1 or L6 (the top

and bottom layers, respectively, of the circuit board structure). In operation, in order

to connect control lines and power to microwave circuitry mounted on layer L1, it is

often necessary to route signals from layer L1 into internal layers L3 or L4 and then
back "up" to fayer L1. This may be necessary to obtain more space (due to numbers
of signals), to leave space around controlled impedance traces, to control signai

isolation, to facilitate signal crossover, or for any other appropriate reason.
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Vias are drilled and plated as part of the PCB fabrication process. The vias
may be drilled through the PCB, through one or more layers, or to a specific depth.
Vias that pass completely through the layer stack {e.g., vias A, B, E, F, H) are
generally preferred for cost and manufacturability. Buried vias (e.g., vias C, D) and
blind vias (e.g., via G) may be used but are typically more complex and costly than
vias that pass completely through the layer stack. In general, routing of RF signals
on a layer will be given priority over routing of control, power, and other signais on
that same layer, since control, power, and other signals are less sensitive to tréce
dimensions (width, thickness, length) and spacing than RF signals. RF layer
conductor dimensions, dielectric properties, and the like aré selected to achieve
appropriate loss, isolation, matching, and characteristic impedance properties.

In the example shown in Fig. 9, the vias connecting layers L1 to L3 and L4
(vias G and H) are high aspect ratio, meaning they have a large length or depth
relative to hole diameter. If non-microwave (e.g., control) components on layer L1
have a very fine pitch {(e.g., a 0.4mm pitch ball grid array (BGA) or less), then there
are multiple adjacent pads on L1 that must not touch. Additionally, further spacing
separation is required to route traces between the adjacent pads from inner pads of
the ball grid array. Fig. 10 shows an example in which a fine pitch BGA (micro-via)
75 is adjacent to a trade 76 and a pad 77. Fig. 10 also shows example dimensions
for these components; however, the components and associated PCB are not
limited to use with these dimensions, nor are very fine pitch BGAs limited to 0.4mm

or less.
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As a result of the foregoing, pad sizes become very small, necessitating a fine
drill diameter to avoid weakening the pads and the pad attachment to the subsirate.
As a result, mechanical drilling becomes impractical and a laser drill is used instead
to create vias. However, laser drilled holes (micro-vias) become wider as they
deepen. An example of a widened hole 79 produced through laser drilling is shown
in Fig. 11. As a result, the laser drill cannot drill to the depth (e.g., 0.030 inches) of a
microwave dieleciric and simultaneously maintain the required fine pitch for layer L1
components -- because the deep via will widen the hole on the layer L1 side, which
reduces the annular ring width of the pads and degrades the pad metallization’s
attachment to the dielectric substrate.

In addition, via A, which carries microwave signals from layers L1 to LG, is
electrically long and passes through non-microwave dielectric layers (labeled FR-4
in Fig. 1). Both of these introduce performance degradation (loss, mismatch) and
additional design work (e.g.,'design for characteristic impedance).

Use of a pocketed PCB may address the foregoing drawbacks associated
with the PCB structure of Fig. 9. Figure 12 illustrates an example implementation of
a PCB having a pocket, and Fig. 13 iliustrates a second implementation of a PCB
having a shelf (which is a type of pocket).

In both the implementations of Figs. 12 and 13, the top microwave dielectric
layer 71 of Fig. 9 is removed, making it possible to mount fine pitch ICs 81 directly
onto an FR-4 dielectric layer stack 80 (without requiring routing through a microwave

dielectric); however, as noted below, this is not a requirement. in Fig. 12, IC 81 is
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mounted onto FR-4 dielectric layer stack 80. Pocket 83 is created in the PCB by
removing several (in this example, three) FR-4 dielectric layers, leaving FR-4
dielectric layer L4 (adjacent to remaining microwave dielectric 72) exposed. A
microwave IC 85 can be mounted on metal contained on the L4 layer so that RF
signals pass through the microWave dielectric 72, without passing through
unnecessary FR-4 layers. Signals passing to and from the fine pitch IC 81 mounted
on layer L1 generally need not pass through the microwave dielectric, so removal of
the upper microwave dielectric layer will nof affect those signals.

Likewise, in Fig. 13, IC 81 is mounted onto FR-4 dielectric layer stack 80.
Pocket (or shelf) 86 is created in the PCB by removing several (in this example,
three) FR-4 dielectric layers, leaving the L4 dielectric layer (adjacent to remaining
microwave dielectric 72) exposed. A microwave IC 85 can be mounted on the L4
layer so that RF signals pass through the microwave dielectric 72.

Comparing the microwave signal path through via A (Fig. 9) to the microwave
signal paths through vias J and J’ (Figs 12 and 13), it can be seen that the electrical
length has been reduced. Furthermore, discontinuities introduced by passing
through additional FR-4 layers may be reduced. Additionally, compare control
signals routed-from the fine pitch IC to the microwave IC. In the implementation of
Fig. 9, such signals traverse from layer L1 using via H or G where they are routed
back up to layer L1 using another via H or G. As discussed earlier these vias are

not realizable in the area of a fine pitch IC. In the example implementations shown

Figs. 12 and 13, the signals travel from fayer L1 to layer L4 using via M which, in this
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example, is under % the length of the via path used in the configuration of Fig. 9, is
readily realizable, and is compatible with fine pitch components.

As noted, the top microwave dielectric layer hés been removed in the
implementations of Figs. 12 and 13. This is not a requirement, but illustrates that the
construction has freed the outer layer for use with high density signal and control
fraces and_test points without interfering with Jayer L4 RF signal routing.

To create these structures of Figs. 12 and 13, pockets in the PCB layers may
be created by either through- or controlled depth routing the board during
manufacturing of the PCB. This cén be done with mechanical milling, lasers, a
combination thereof, or any other appropriate techniques.

Other implementations may include, but are not limited to, more or less

layers, more or less pockets, symmetric and asymmetric layups, and/or pockets on

* both sides of the PCB. The microwave area could be small or large in comparison

with the overall area. Components may be mounted on top, or bottom, or both sides
of the board or in multiple terraces. The non-microwave dielectric could be a flexible
material such as Kapton®. The pocket may be plated or un-plated. The pocket may.
be covered or open. The pocketed PCB may be used with any appropriate via
diameter.

While this specification describes example implementations related to
“testing” and a "test system," the devices and method described herein may he used
in any appropriate system, and are not limited to test systems or to the example test

systems described herein.
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Testing performed as described herein may be implemented using hardware

or a combination of hardware and software. For example, a test system like the

~ ones described herein may include various controllers and/or processing devices

located at various points. A central computer may coordinate operation among the
various controllers or processing devices. The central computer, controflers, and

processing devices may execute various software routines to effect control and

~ coordination of testing and calibration.

Testing can be controlled, at least in part, using one or more computer
program products, €.g., one or more computer program tangibly embodied in one or
more information carriers, such as one or more non-transitory machine-readable
media, for execution by, or to control the operation of, one or more data processing
apparatus, e.g., a programmable processor, a computer, multiple computers, and/or
programmable logic components.

Any “electrical connection” as used herein may imply a direct physical
connection or a connection that includes intervening components but that
nevertheless allows electrical signals (including wireless signals) to flow betweenl
connected components. Any “connection” involving electrical circuitry mentioned
herein, unless stated otherwise, is an electrical connection and not necessarily a
direct physical connection regardless of whether the word “electrical” is used to
modify “connection”.

Elements of different implementations described herein may be combined to

form other embodiments not specifically set forth above. Elements may be left out of
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the structures described herein without adversely affecting their operation.
Furthermore, various separate elements may be combined into one or more
individual elements to perform the functions described herein.

Any “electrical connection” as used herein may imply a direct physical
connection or a connection that includes intervening components but that
nevertheless allows electrical signals to flow between connected components. Any
“connection” involving electrical circuitry mentioned herein, unless stated otherwise,
is an electrical connection and not necessarily a direct physical connection
regardiess of whether the word “electrical” is used to modify “connection”.

Elements of different implementiations described herein may be combined to
form other embodiments not specifically set forth above. Elements may be left out of
the structures described herein without adversely affecting their operation.
Furthermore, various separate elements may be combined into one or more
individual elements to perform the functions described herein.

What is claimed is:
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1. A circuit board structure comprising:
a substrate; and
vias that are electrically conductive and that pass through the substrate to
enable electrical connection through the circuit board structure;
5 wherein the substrate is thinner in first areas of the circuit board structure that
deliver first type signals than in second areas of the circuit board structure that

deliver second type signals.

2. The circuit board structure of claim 1,-wherein lengths of the vias are
10 shorter in the first areas of the substrate; and
wherein the first type signals comprise first speed signals, the second type
signals comprise second speed signals and power, and the first speed signals have

a shorter rise time than the second speed signals.

15 3. The circuit board structure of claim 1, wherein the substrate comprises one

or more pockets that are at thinner parts of the substrate in the first areas.
4. The circuit board structure of claim 2, wherein the substrate comprises
multiple layers, the one or more pockets being formed by removal of at least some of

20 . the multiple layers.

5. The circuit board structure of claim 1, further comprising:
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a backing plate disposed adjacent to thinner parts of the substrate in the first

areas to reinforce the substrate.

8. The circuit board structure of claim 2, further comprising:

5 aﬁ interposer adjacent to the substrate and comprising electrical paths that
connect to the vias to establish a signal path, the interposer comprising contacts for
mating to an external device, the interposer comprising a structure that provides a
micro-compliant electrical path from the circuit board structure to an assembly that

carries the first speed signals to/from a sourcefreceiver.

10
7. The circuit board structure of claim 1, further comprising:
one or more aiignmentrpins through the substrate for aligning to one or more
connectors to the circuit board structure.

15 8. The circuit board structure of claim 2, wherein the first speed signals have
speeds that meet or exceed 16 gigabits-per-second, and the second speed signals
have speeds that are less than 16 gigabits-per-second; or

wherein the first speed signals have speeds that meet or exceed 16
gigaheriz, and the second speed signals have speeds that are less than 16
20 gigaheriz.
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9. The circuit board structure of claim 2, wherein the first speed signals have
speeds that meet or exceed 32 gigabits-per-second, and the second speed signals
have speeds that are less than 32 gigabits-per-second; or

wherein the first speed signals have speeds that meet or exceed 32

5 gigahertz, and the second speed signals have speeds that are less than 32

gigaheriz.

10. The circuit board structure of claim 2, wherein the first speed signals
have speeds that meet or exceed 64 gigabits-per-second, and the second speed
10 signals have speeds that are less than 64 gigabits-per-second; or
wherein the first speed signals have speeds that meet or exceed 64
gigahertz, and the second speed signals have speeds that are less than 64

gigahertz,

15 11. The circuit board structure of claim 1, wherein thinner parts of the
substrate in the first areas have a thickness that is 20% or less of thicker parts of the

substrate in the second areas.
12. The circuit board structure of cialim 1, wherein thinner parts of the

20 substrate in the first areas have a thickness that is 30% or less of thicker parts of the

substrate in the second areas.
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13. The circuit board structure of claim 1, wherein thinner parts of the
substrate in the first areas have a thickness that is 40% or less of thicker parts of the

substrate in the second areas.

14. The circuit board structufe of claim 1, further comprising a tower that

mates to a complementary pocket in another circuit board.

15. A device interface board for connection between a device under test and |
test equipment, the device interface board comprising the circuit board structure of

claim 1.

16. The circuit board structure of claim 1, wherein the first type signals
comprise radio frequency (RF) signals and the second type signals comprise non-

RF signals.

17. The circuit board structure of claim 1, wherein the first areas of the
| substrate comprise an area that includes a first dielectric having metal on which a
microwave component is mountable, the first dielectric being adjacent to a

microwave dielectric layer.
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18. The circuit board structure of claim 1, wherein the second areas of the
substrate comprise an area that includes a stack of dielectric layers that that do not

include a microwave dielectric.

19. The circuit board structure of claim 1, wherein the vias have a diameter

that is based on a thickness of the first areas of the substrate.

20. The circuit board structure of claim 1, wherein the vias in the first areas of
the substrate have diameters that are less than diameters of vias in the second

areas of the substrate.

21. A device interface board (DIB) comprising:

a substrate having a first area of a first thickness and a second area of a
. second thickness, the seconq thickness being greater than the first thickness; and

vias that are electrically conductive and that pass through the first area to
enable electrical connection between the vias and a device under test, where vias
that pass through the first area are reserved for transmission of signals having at

least a minimum speed.
22. The DIB of claim 21, wherein the DIB comprises vias through the second
area that are reserved for transmission of signals that do not meet the minimum

speed.
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23. The DIB of claim 21, further comprising:

a backing plate disposed adjacent to the first areas to reinforce the substrate.

5 24. The DIB of claim 21, further comprising:
one or more alignment pins through the substrate for aligning to one or more

- connectors that are connectable {o the DIB,

25. The DIB of claim 21, wherein the minimum speed is 16 gigabits-per-
10 second, 32 gigabits-per-second, or 64 gigabits-per-second; or

wherein the minimum speed is 16 gigahertz, 32 gigahertz, or 64 gigahertz.
26. The DIB of claim 21, wherein the first areas of the substrate have a

thickness that is 20% or less of the second areas of the substrate.

15
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