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SELF-CHARACTERIZING HIGH-SPEED COMMUNICATION INTERFACES

FiELD

[0001] Related fields include electrical connectors, and more particularly technigues for
controlling impedance in empty slots, tabs, plugs, or sockets connected to central

processing units {CPUs) or other processors or controllers.

Brier DescripTionN OF DrAWINGS

[0002] FiG. 1is a block diagram of stuffed {connected) and unstuffed {empty) fixed connectors
on a motherboard.

[0003] FiG. 2 is a state diagram for a connector with a switchable terminated load.

[0004] FiGs. 3A-3C illustrate a terminal load engaged and disengaged by spring forces in a
compression clip.

(00051 FiGs. 4A-4B are views of a mechanical switch.

[0006] FIG. 5 is a connector with switchable grounded terminal loads on two receptacle walls,

[0007] FIG. 6 is an adaptation of the two-switch, two-load schema for male fixed connectors.

00081 FiG. 7 is a connector with a single switchable terminal load.

DETAILED DESCRIPTION

[0009] For purposes herein, the following terms shall be associated with the following
definitions:

[0010] Detachable Connector: A connector that can engage to, and disengage from, a Fixed
Connector; for example, a tab on a memory card that mates with a slot on a motherboard

or a plug at the end of a cable that mates with a socket in a device housing.
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[0011] Fixed Connector: A connector permanently attached, directly or through a cable, to a
controlling component such as a motherboard or a controlling device such as a desktap
computer or mabile phone which may or may not be accessible through a device housing.

[0012] Computers and electronic devices are made with various fixed connectors both inside
and outside the housing. Connectors accessible only from inside the housing provide
flexibility for manufacturing, upgrading, and repair. For example, a motherboard may have
several expansion slots for memory cards, audio/video cards, networking cards, and the
like. The same motherboard may be installed with most of the expansion slots emptyina
basic model, or with most of the expansion slots full in a higher-end modal. An end user
who initially buys a basic model can fill up more of the expansion slots later to improve or
expand functionality. If either a card or a slot is damaged, the bad card may be swapped for
a good card or the good card may be moved from the bad slot to an empty good slot.
Storage devices that can be easily attached to and detached from motherboards provide
similar configuration flexibility.

[0013] Connectors accessible from outside the housing enable connection of the device fo
peripheral devices, peer devices, and networks. Portable devices in particular may be
connected to, and disconnected from, multiple power sources, display devices, scanners,
printers, keyboards, mice, and docking stations several times a day.

[0014] In many devices, some of the fixed connectors are likely to be disconnected {empty, or
“unstuffed”} at any given time. Some systems may tolerate emptiness of some types of
fixed connectors, but others may increase noise, degrade signal quality, or cause other

problems that would be absent if the connector were connected {occupied, or “stuffed”).
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Accordingly, passive “dummy” cards or plugs are made for a variety of connector types.
They do not add any new functionality to the device, but they provide a terminal load,
spometimes with grounding, so that the fixed connector performs as if it were engaged with
a detachable connector rather than being empty. Although they remedy some of the
problems, dummy cards may add significant cost to the system.

[0015] To avoid exposing unconnected pins and plugs to external environments or foreign
objects, many fixed connectors may be female, with recessed electrical contacts. However,
embodiments of the disclosed concepts may be adapted for fixed male connectors as well
as fixed female connectors.

[0016] FIG. 1is a block diagram of stuffed {connected) and unstuffed {empty] fixed connectors
on a motherboard. The basebeard routing 101 is shown connecting the CPU 105 to each of
a pair of T-topology buses 109.1 ad 109.2.

[0017] The branches of T-topology bus 108.1 terminate in one of the simplest fixed connector
types. The fixed connector 102 is “stuffed,” i.e., a mating detachable connector 163.1
having one or more pins or contacts is engaged with fixed connector 102. The fixed
connector 104 is “unstuffed,” i.e., empty or unconnected. The absence of a contact leaves
termination 107 “floating,” i.e., unloaded and ungrounded.

[0018] Floating termination 107 may introduce an impedance mismatch that degrades the
performance of T-topology bus 109.1 and increases the risk of error for the component
connected to CPU 105 by detachable connector 103.1 and stuffed fixed connector 102, For
example, some dual in-line memory modules {(DIMMs) may have a "Low" {0-1%]) risk of

write errors and a "Medium™ {1-10%) risk of read errors on a T-topology bus 109.1 if both
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fixed connectors are stuffed, but if one fixed connector is unstuffed the risk of both read
and write errors may increase to “High” {10-50%;). Changing the design of T-topology bus
108.1 for better performance with one stuffed fixed connector 102 and one unstuffed fixed
cannector 104 may unsatisfactorily compromise the bus performance with two stuffed fixed
connectors while never guite reaching the desired performance level with one stuffed and
one unstuffed.

[0019] At the terminations of T-topology bus 109.2, stuffed fixed connector 112 and unstuffed
fixed connector 114 eliminate floating terminations. Grounded terminal loads 119.1 and
118.2 are switchably coupled to the terminations of T-topology bus 109.2. The switch 117.1
is open when the fixed connector 112 is stuffed with detachable connector 103.2,
disconnecting grounded terminal load 119.1 from its branch of T-topology bus 1098.2 so that
the only connection of stuffed fixed connector 112 is with detachable connector 103.2.
Stuffed fixed connector 112 may thus behave like conventional stuffed fixed connector 102,
The unstuffed fixed connector 114 has switch 117.2 that is closed so that its termination of
T-topology bus 109.2 is connected to grounded terminal load 119.2 instead of floating. The
grounded terminal load 119.2 may be designed to match the impedance of detachable
connector 103.2 so that T-topology bus 109.2 may behave as if both fixed connectors are
stuffed even if one or both fixed connectors are in fact unstuffed.

[0020] The grounded terminal loads 119.1, 119.2 are illustrated as schematic resistors, but in
some embodiments they may include other types of impedance-matching components,
depending on the characteristics of detachable connector 103.2. The grounded terminal

loads 119.1, 119.2 and/or switches 117.1, 117.2 may be positioned in, on, or around fixed
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connectors 112, 114 in any suitable location and orientation. Additionally, in some
embodiments, switches 117.1, 117.2 may be actuated by any convenient effect that may be
made to coincide with engagement and disengagement of the detachable connector 103.2
from the fixed connector 112, In some embodiments, switches 117.1, 117.2 actuate
mechanically, such as by a spring which has the advantage of not requiring any added
electrical power to operate the switch.

[0021] For example, detachable connector 103.2 may be the connector tab on a memory card,
e.g., a DIMM card. in some embodiments, detachable connector 103.2 may be a connector
tab for an audio-visual (A/V) card, an option card, a graphics card, a Peripheral Component
Interconnect Express {PCie} card, a PCle card raiser. In other embodiments, detachable
connector 103.2 may be a Serial AT Attachment (SATA) detachable connector. In yet other
embodiments, detachable connector 103.2 may be a Universal Serial Bus {(USB) plug or a
DisplayPort {DP) plug.

[0022] FiG. 2 is a state diagram for a connector with a switchable terminated load. In state 202
{e.g., when initially installed), the grounded terminal load is engaged by default and the
fixed connector is terminated and grounded. State 202 may be a default state whenever
the systermn power is on and the fixed connector is unstuffed. In some embodiments, state
202 may persist when the power is off and the fixed connector is unstuffed, to make it the
default power-up state.

{00237 Stimulus 203, in which the detachable connector is engaged {optionally followed by
stimulus 205, in which an actuator opens the switch), triggers a state change to state 206, in

which the fixed connector is disconnected from the grounded terminal load. From there,
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stimulus 207, in which the detachable connector is disengaged {optionally followed by
stimulus 209, in which the actuator closes the switch, triggers a state change back to state
202}, The actuator inputs are optional because some embodiments change states without
requiring an “actuator” per se as a separate part. In such embodiments, the switching is
actuated by a mechanical reaction of existing parts to the insertion or removal of the
detachable connector.

[0024] FiGs. 3A-3C illustrate a terminal load engaged and disengaged by spring forces in a
caompression clip. FIG. 3Ais a perspective view of stuffed and unstuffed fixed connectars
with cutaways to show interior compression clips. These connectors are generic and not
intended to represent any particular manufacturer’s product. Fixed connectors 312 and
314 are mounted on baseboard 301, which may be, for example, a printed circuit board
{PCB). They may be enclosed in casings 342 and 344 with {or, alternatively, without} end
fatches 332.1, 332.2, 334.1, and 334.2.

00251 Inside the casings 342, 344 {(which are shown partially cut away to show the interior
structure), the fixed connectors 312 and 314 may include spring-loaded clips with
compression jaws 322.2, 324.2. The detachable connector 303 may be a tab extending from
another PCB or a packaged module. Clip jaws 322.1, 322.2 of stuffed fixed connector 312
expand to admit detachable connector 303 and exert a compressive restoring force to hold
detachable connector 303 securely in place. Latches 332.1 and 332.2 are shown in g
horizontal locked position, which also acts to hold the detachable connector in place.

[0026] In some embodiments, fixed connectors 312 and 314 may include conductive pins or

leads such as fixed connector contacts 352, 354. In stuffed fixed connector 312, fixed
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connector contacts 352 make electrical contact as well as mechanical contact with
detachable connector contacts 313 {e.g., pins or “goldfingers”} of detachable connector
303. For simplicity, very short connectors with only a few pins are illustrated, but those
skilled in the art understand that the same type of connector may be made in a variety of
fengths with varying numbers of pin, strip, or similar connections.

[0027] In unstuffed fixed connector 314, the absence of a detachable connector aliows clip jaw
324.2 1o relax to an equilibrium position angled further toward a longitudinal midplane than
the position of clip jaw 322.2. The latches 334.1 and 334.2 are shown tilted outward from
the ends, which position allows the detachable connector to be inserted or released.

[0028] FiG. 3B is a sectional view of stuffed fixed connector 312 through section A-A of FIG. 34,
omitting the casing. In some embodiments, fixed connector contacts 352 may be connected
to vias 311 that extend through one or more layers of baseboard 301. The grounded
terminat load for stuffed fixed connector 312 may include terminal contact 309, impedance
element 319, and ground connection 329, In some embodiments, ground connection 329
may connect to a ground plane of baseboard 301,

[6029] When detachable connector 303 is inserted in the clip, it exerts expansion force 310 on
clipjaws 322.1 and 322.2. Clip jaws 322.1 and 322.2 “push back” with a restoring force to
hold detachable connector 303 in place, but are held too far apart by detachable connector
303 to touch terminal contacts 309. Therefore, when fixed connector 312 is stuffed, the
fixed connector contacts 352 connect only with the detachable connector contacts 313, and

the grounded terminal load is unconnected to the fixed connector contacts 352.
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[0030] FG. 3C is a sectional view of unstuffed fixed connector 314 through section A-A of FIG.
3A. When detachable connector 303 is absent from the clip, it exerts no expansion force on
clip jaws 324.1, 324.2. Without that opposing force, restoring force 320 pushes clip jaws
324.1, 324.2 inward toward their equilibrium position. Somewhere along the path of
relaxation of clip jaws 324.1, 324.2, the fixed connector contacts 354 touch terminal
contacts 309. Therefore, whenever fixed connector 314 is unstuffed, the restoring force of
clip jaws 324.1, 324.2 automatically connects the grounded terminal load 308, 319, 328,
terminating the fixed connector contacts 352 so that unstuffed fixed connector 314 does
not have a floating termination.

[0031] FiGs. 4A-4B are views of a mechanical switch. The switches shown in the figures may be
made small enough to build into some types of connectors. FIG. 4A shows two different
magnifications of part of an unstuffed fixed connector with the switch closed to connect the
terminal load. Unstuffed fixed connector 414 includes a cavity 444. Cavity 444 holds two
arms, stationary arm 424 and moveable arm 434, that constitute the switch. The moveable
arm 434 has a first conductive contact 433, which in unstuffed fixed connector 414 touches
a second conductive contact 423 on stationary arm 424. When the first conductive contact
434 and the second conductive contact 424 are touching, current can flow between
stationary arm 424 and moveable arm 434. One of stationary arm 424 or moveable arm
434 may be connected to a grounded terminal load {not shown}. Moveable arm 434 also
features a bend 435 that protrudes through an opening into receptacle 454 of unstuffed
fixed connector 414, where the detachable connector is normally inserted with a running-

and-sliding fit or an interference fit, depending on the type of connector.
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[0032] FG. 4B shows twao different magnifications of part of a stuffed fixed connector with the
switch open to disconnect the terminal load. Detachable connector 403 is inserted in the
receptacle of fixed connector 412 using downward pressure 410, When detachable
cannector 403 encounters bend 435 of moveable arm 434, it pushes bend 435 out of the
receptacle and back into the cavity in direction 420. Meanwhile, second contact 423 is held
in place by locating feature 422 in the cavity wall of the connector bady. The rigidity of
moveable arm 434, including bend 435, moves the first contact 433 off of and away from
second contact 423 in direction 430, thereby opening the switch and disconnecting the
grounded terminal load {not shown in this view).

[0033] Materials for the first contact and second contact may be any conductive material that
can withstand the expected number of couplings and uncouplings over the life of the
connector. Gold or silver may be chosen for connectors that are connected and
disconnected less often. Copper, aluminum, or harder alloys containing gold or silver may
be preferred where connecting and disconnecting will be done more often. The bend and
contact-end section of the moveable arm may preferably be a rigid material for repeatable
motion while the section of the moveable arm below the bend may either provide an elastic
restoring force itself {e.g., work-hardened metal} or be rigid and coupled to a spring that
provides the restoring force.

[0034] FIG. 5 is a connector with switchable grounded terminal loads on two receptacle walls.
The connector 512 has switches on opposing sides of receptacle 554, Alternatively,
switches may be on adjacent walls; preference may depend on the location of the bus

terminations that benefit from termination loads. Unstuffed connector 512 has a pair of
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mirror-image cavities 544.1 and 544.2. Each one has a stationary arm 524.1 0r 524.2
connected to a terminal load that includes an impedance element 519.1 or 519.2 and a
ground connection 529.1 ar 528.2. The grounded terminal loads 518.1+528.1, 518.2+529.2
may be coupled to either the stationary arms 524.1, 524.2 or the movable arms 534.1,
534.2. However, in some embodiments, it may be preferable to use the stationary arm
524.1, 524.2 to avoid transferring repeated stresses to the grounded terminal loads
519.1+529.1, 519.2+529.2.

[0035] While receptacle 554 is empty, first contacts 533.1 and 533.2 on movable arms 534.1,
534.2 will touch second contacts 523.1 and 523.2 on stationary arms 524.1 or 524.2 to
provide electrical couplings to the grounded terminal loads 519.14529.1, 519.2+4529.2. If
detachable connector 503 is inserted in receptacle 554, it will displace two bends 535.1 and
535.2 of moveable arms 534.1 and 534.2. When bends 535.1 and 535.2 are pushed back
into cavities 544.1, 544.2, first contacts 533.1 and 533.2 on movable arms 534.1, 534.2 will
move away from second contacts 523.1 and 523.2 on stationary arms 524.1 0r 524.2 {o
eliminate electrical couplings to the grounded terminal loads 519.1+4529.1, 519.24529.2.

[0036] FiG. 6 is an adaptation of the two-switch, two-load schema for male fixed connectors.
At this writing, a majority of fixed connectors are female because the recessed contactsona
female connector are less exposed, and thereby may be less vulnerable to accidental
sharting and other problems. However, the disclosed approach may also work with male
fixed connectors.

[0037] Connector 614 is a male connector compatible with mating connector 613, Instead of

an inner receptacle, the space 1o be occupied by the mating connector 613 is an outer

-10-
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perimeter 664. The configuration may be very much like FIG. 5 — dual mirror-image cavities
644, stationary arms 624, first contacts 623, moveable arms 634, second contacts 633,
impedance elements 619, and ground connections 6292 — except that the bends and
openings face ocutward rather than inward. Bends may be replaced with solid {(e.g., molded)
tabs 645 in any of the designs.

[0038] FIG. 7 is a connector with a single switchable terminal load. This approach may be
especially suitable for slots that mate with tabs 703 with contacts 713 on the side, so that
the bottom surface may be used o switch the terminal load, which may include impedance
element 719 and ground connection 728, This terminal load is coupled to stationary arm
724 at a right angle. As with the other illustrated examples, bend 735 in moveable arm 734
protrudes into the space for the currently absent mating connector 703, and first contact
733 touches second contact 723 to close the switch and couple the bus termination{s) to
the terminal load. When inserted, mating connector 703 will push bend 735 down to move
first contact 733 away from second contact 723 to decouple the connector from the
grounded terminal load.

[6039] Non-limiting examples of the types of connectors that could potentially be customized
with switchable terminal loads include Peripheral Component Interconnect Express (PCle},
USB, DisplayPort, SATA, raiser, option cards, and A/V boards. Models predicted that
connectors with switchable terminal loads vield about the same error rate as connectors
with more expensive dummy mating connectors installed.

[0040] The preceding Description and accompanying Drawings describe examples of

embodiments in some detail to aid understanding. However, the scope of protection may

-11-
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also include equivalents, permutations, and combinations that are not explicitly described

herein. Only the claims appended here {along with those of parent, child, or divisional

patents, if any} define the limits of the protected intellectual-property rights.

-12-
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Crams
We claim:
1. An apparatus, comprising:

a bus termination;

a grounded terminal load;

a switch in a connection between the grounded terminal load and the bus termination;
and

an actuator connected to the switch;

wherein the actuator opens the switch in response to the apparatus engaging with a
mating connector; and

wherein the actuator closes the switch in response to the apparatus disengaging from

the mating connector.

2. The apparatus of claim 1, wherein an impedance of the grounded terminal load matches

an impedance of the mating connector.

3. The apparatus of claim 1, wherein the grounded terminal load comprises a resistor.

4, The apparatus of claim 1, wherein the switch is actuated mechanically.

1

The apparatus of claim 1, wherein the switch is actuated by a spring.

6. The apparatus of claim 1, wherein the mating connector is attached to a2 memory card.

7. The apparatus of claim 1, wherein the mating connector is compatible with a male

detachable connector.

-13-
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8. The apparatus of claim 1, wherein the mating connector is a Peripheral Component

Interconnect Express {PCle) connector.

9. The apparatus of claim 1, wherein the mating connector is a Serial AT Attachment

{SATA} connector.

10, The apparatus of claim 1, wherein the bus termination is part of a T-topology.

11 An apparatus, comprising:

a pair of spring-loaded members; and

at least one terminal load,

the spring-loaded members to expand o an expanded position to admit a
detachable mating connactor and to exert a comprassive restoring force on the detachable
mating connector,

the spring-loaded members to return to an equilibrium position when the detachable
mating connector is not present,

wherein, in the equilibrium position, at least one of the spring-loaded members is
connected to the at least one terminal load, and

wherein, in the expanded position, neither of the spring-loaded members is connected

to the at least one terminal load.

12. The apparatus of claim 11, wherein the at least one terminal load is disposed between

the spring-loaded members.

-14-
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13. The apparatus of claim 11, wherein the spring-loaded members comprise a conductive
material; and wherein the at least one terminal load comprises a conductive contact that

touches one of the spring-loaded members to connect the at least one terminal load.

14. An apparatus, comprising:

a cavity having an opening;

a stationary arm inside the cavity;

a moveable arm inside the cavity except for a portion protruding through the opening
into a space to be cccupied by a mating connector; and

a terminal load coupled to the stationary arm or the moveabhle arm;

wherein a first contact on the moveable arm and a second contact on the stationary arm
touch each other when the mating connector is absent, thereby coupling a bus termination in
the connector with the terminal load; and

wherein engaging the apparatus with the mating connector moves the moveable arm to
spatially separate the first contact from the second contact, thereby uncoupling the bus

termination from the terminal load.

i5. The apparatus of claim 14, wherein the terminal load is coupled to the stationary arm.

16. The apparatus of claim 14, wherein the second contact and an adjacent end of the

stationary arm are held in place by a feature in the cavity wall.

17. The apparatus of claim 14, wherein the space to be occupied by the mating connector

comprises a receptacle.

-15-
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18. The apparatus of claim 14, wherein the space 1o be sccupied by the mating connector

comprises a perimeter,

19. The apparatus of claim 14, wherein the opening is located in a bottom wall of a
receptacle.
20, The apparatus of claim 14, wherein the portion of the moveable arm protruding through

the opening comprises a bend.

-16-



PCT/US2016/067049

WO 2017/112530

17

76801 /

L84

AR’

L8801
Y
|
ﬁ foo oo O
Tor
! i i ! Sunnoy pleogoaseg
iﬁ ot
. NdD
-4 Z6EL S
" vil e — 1611 vOi
DIIBUUCD r4nn \\Ek JOIIBUUOT SHT
\ paxi \Loﬁmgcou JoL paxid J0123UU0D
/ pagnisun Y, Peoxid Pajnis pagnisun paxi4 payns
ALL
2201 LGl
A0INSUUCD A0I03LUUOD
sigeyoeis siqeyaeisg



WO 2017/112530

27

/ 202
B Fixed connector

-
P ~ terminated and |
Vg grounded '
i
/
/
/ 203
/ Detachable
{ connector
208 engaged

Actuator c_Ecses switch

B
i
205

Actuator opens
207 switch
Detachable connector ]

disenga ed

' Fixed connector \
™~ disconnects from
. grounded
N\ termination /

FiG. 2

PCT/US2016/067049



WO 2017/112530

Detachabis
Connector 303

Latch
A 334.2
e

Detachable
Connector
Contact 313

Stuffed Fixed

PCT/US2016/067049

Unstuffed
Fixed

/ Latch 3341
Connector 314

Connector 312 i

Latch 332.1 =

Casing 342

VA ' Latch 334.2
DI

Fixed

g Baseboard

Connector
301 PP Contact 354
P it ‘Il S T T N N S A T ENY S ] /
Clip Jaw / Fixed Clip Jaw)
322.2 - Connector 324.2
Contact 352
FIG. 34
Stgffed ) Detachabie
Fixed petachable  oopnangr Unstuffed
Connector Connector - Fixad
Contact
31> v§303 — 43 ConBrﬁctor
Clip J NI i -
ip Jaw ‘ - _ ( Clip Jaw
3221 s 1o Clip Jaw 434
/\ i Jaw 324.1\/ '
Terminal \ I 322.2 Restoring
Contact [ Force
309 / , Terminal 320
“\l ] Expansion Contact 309 | D
impedance | N\ Force 20BN
Element TN 310 Fixed W
319 ) At , Connector /4
i Fixed  oontact 354 —
Connector
Ground k] E\ Contact ]
Connection i 1 N 352
329 J
b via
i £ s 391
£ : 7
i R 3
o= g i
i - N :
. - Nl - 4 5
i » n S 1 | Baseboard 'S
i 3 TR u.
X 1 R
B i
25

FiG. 3B

FiG. 3C



WO 2017/112530 PCT/US2016/067049

417

e

FiG. 4B



WO 2017/112530

517

(o]
(]

impedance
Element
519.‘5/«\

Ground
Connection I/" ‘
52981 \Jl

FiG. §

PCT/US2016/067049

Element
518.2

o Ground
Connection
. 5292

Impedance



WO 2017/112530 PCT/US2016/067049

3
e
A3

fmpedance F
Element I

g \ Impedance

Element
619 - . 619
Ground E N
Connecti(inj t@mund
629 Connection

629
FiG. 6



WO 2017/112530 PCT/US2016/067049

Impedance
Element
719
w Ground
Connaction

Fi{;. 7 (. 739



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US16/67049

A. CLASSIFICATION OF SUBJECT MATTER
IPC - HO1H 3/00, 3/02, 9/24, 9/28, 27/00, 27/04; HO1R 4/28 (2017.01)
CPC - HO1H 3/00, 3/02, 3/0213, 3/38, 27/00; HO1R 4/00, 4/01, 4/28, 4/489

According to International Patent Classification (IPC) or to both national classification and [PC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2014/0199863 A1 (LIN, S) July 17, 2014, abstract, figures 2; paragraphs [0073]-[0074], 18&4-5
- [0081], [0086]-[0087) -
Y 2-3&6-10
Y US 4,004,165 A (BREDAEL, | et al.) January 18, 1977; figure 2, column 3, lines §5-68, column {2-3

6, lines 1-10

Y US 2012/0033370 A1 (REINKE, K et al.) February 9, 2012; figures 1 & 2D, claims 19-20 6-9
Y US 8,179,158 B2 (FLAMM, P) May 15, 2012; figure 3, column 3, lines 45-55 10

D Further documents are listed in the continuation of Box C.

[__-] See patent family annex.

. Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0Q” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

9 February 2017 (09.02.2017)

Date of mailing of the international search report

2 1APR 2017

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. [:] Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II1  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
see extra sheet

1. l:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-10

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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-Continued from Box IlI: Observations where unity of invention is lacking-"**-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fee must be paid.

Group |: Claims 1-10 are directed towards an apparatus for opening and closing a switch by means of a mating connector.
Group li: Claims 11-13 are directed towards an apparatus comprising a pair of spring loaded members.
Group |lI: Claims 14-20 are directed towards an apparatus comprising a stationary arm and a movable arm inside a cavity.

The inventions listed as Groups -1l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group | include a grounded terminal load a switch and an actuator connected to the switch which are
not present in Groups I-11l.

The special technical features of Group Il include at least a pair of spring-loaded members and an equilibrium position, which are not
present in Groups ! and lll.

The special technical features of Group Il include at least a cavity with a stationary arm and a moveable arm inside the cavity and the
stationary arm and the moveable arm touch each other when a mating connector is absent, which are not present in Groups | and I1.

The common technical features shared by Groups |, Il and |l are an apparatus comprising: a bus termination; a terminal load; and a
mating connector.

However, these common features are previously disclosed by US 2014/0199863 A1 to Lin, S (hereinafter “Lin"). Lin discloses apparatus
comprising: a bus termination; a terminal load; and a mating connector (a power supply connection (apparatus) and an electric circuit
arrangement 40 (bus termination) and a power supply (terminal load) supplied by collectively, a FireWire Jack 11 and a ground
connection jack 51 and a zero cable connector 21 and a inserted conductor (mating connector); abstract, figures 2 & 4, paragraphs
[0073]-{0074)).

Since the common technical features are previously disclosed by the Lin reference, these common features are not special and so
Groups I-lIl lack unity.

Form PCT/ISA/210 (extra sheet) (January 2015)
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