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[0003] An "Expansion unit" shall refer to any device that extends or
expands a bus outside of its normal physical environment. An expansion

unit is intended for normal use of a peripheral card(s). [0004] "Extension
W raPsdiEiRrefer to a card or short cable that does not expaRt AUSEY 7/025254

outside of its environment, but allows for the bus to be more easily
accessed for debug while in its environment. It is not intended for normal
use. Catalyst (www.geteatalyst.com) makes several extension cards that
fall into this category. [0005] Bridging device (chip) shall refer to a chip
which interfaces data signals from one bus to another bus. Examples of a
bridge chip include, but are not limited to: 41210 (Intel), PEX8111 (PLX),
X102000 (TI). 2 WO 2008/088525 PCT/US2007/025254 [0006] Switch
device (chipBRIDGELESH BHE BeVEL B8 tHe PERAXRIGMNent of a PCI
bridge. Examples of this are the uPD720401(NEC), PEX8508 (PLX),
X103130 (TIl). BACKGROUND OF INVENTION [0007] Figure | shows at

ﬂ&ﬁfﬁ WF_#%W @{,ﬁf panding or extending a host parallel data bus
over a serial link to r%ake?%i PCI/ PCle bus (PCle is an derivative of the

PCI bug)@ygjlable omanRxpansiomaystemuddSiheE s systermitle Hash
BIOS / OS will see at least one bridge or switch device 12 in
bus data communications over a serial link including PCI Express, commonly

referred to as PCle.

DEFINITIONS

[oo0z}] Peripheral card shall refer to a card that plugs into a data
bus, Examples include, but are not limited to: SCSI controller, video cards, sound

cards, USB cards, etc.

FCO03] An “Expansion unit” shall refer to any device that extends
or expands a bus outside of its normal physical environment. An expansion unit

is intended for normal use of a peripheral card(s).

[0004] “Extension card” shall refer to a card or short cable that
does not expand a bus outside of its environment, but aliows for the bus to be
more casily accessed for debug while in its environment. It is not intended for

normal use. Catalyst (www. geicatalyst.com) makes several extension cards that

fall into this category.

[0005] Bridging device {chip) shall refer to a chip which interfaces
data signals from one bus to another bus. Examples of a bridge chip include, but
are not lmited to: 41210 (Intel), PEX8111 (PLX), XI02000 (TI).
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a device manager (or similar program) regardless of whether or not any
host expansion slots are populated with peripheral cards. If peripheral

cards are_present, they will also show up. Under normal conditions, the -
WoktihF&tnCard will (should) always be visible to the host sy&tehS2007/025254

regardless of whether a unit is in the host system, hanging on an
extension card, or in an expansion unit. One such technology is the Split
Bridge TM expansion technology sold by Mobility Electronics, Inc. of
Scottsdale, AZ, the teachings of which are incorporated herein by
reference. [0008] The conventional expansion bridge or switch 12 uses
such techniques as clock recovery or external clock generation and

alignmpst 6@ ensuresdhiricaeaet glaakidata pigtagobir peadetadeedrt Thehe

idge / swjtch 12 a andles such thin S reset, wa ot ide
R A S BB or OB ek i kDA R
FREIAGNIA L. O XINYENT (O [0009] In accordance with a first aspect of the
present invention, there is provided a PCI Express (PCle) communication
system comprising: a host receiving bus data and power, configured to
serially transmit PCle compliant signals; a serial link electrically coupled

Bo\ NE QBTaB e iveNSIEBTIoally coupled to the host a serial link
electrically coupled to the link and configured to receive the serially
transmitted PCle signals; a driver electrically coupled to the host and
confighRRPIDIamplifiighes thafisiittat 10 the general concept of expanding or

extending a host parallel data bus over a serial link to make the PCI / PCle bus
(PCle is an derivative of the PC.I bus) available on an expansion system. Using
this system, the host BIOS / OS will see at least one bridge or switch device 12 in
- a device manager (or similar program) regardless of whether or not any host
expansion slots are populated with peripheral cards. If peripheral cards are
present, they will also show up. Under normal conditions, the peripheral card will
(should) always be visible to the host system regardless of whether a unit is in the
host system, hanging on an extension card, or in an expansion unit. One such
technology is the Split BridgeTM expansion technology sold by Mobility
Electronics, Inc. of Scottsdale, AZ, the teachings of which are incorporated herein

by reference.

[0008] The conventional expansion bridge or switch 12 uses such
techniques as clock recovery or external clock generation and alignment to ensure
the correct clock-data protocol is maintained. The bridge / switch 12 also handles
such things as reset, wake, and other side band signals used to ensure proper

peripheral card functioning.



PCle signals, whereby the PCle signals sent by the host do not meet the
PCle Specification requirements, but which PCle signals do meet the
PCle Specification at the receiver; and the host including an interface
processing a sideband signal such that the side band signal is passed
after the power has stabilized. [0009a] In accordance with a second
SHSpECL R the phasSENTR¥ENtion, there is provided a driver adapted to
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a sideband signal such that the side band si yjnal is passe af er the
Cﬁ'ﬂw}éﬁ“ﬁ é@%‘%&b‘ﬁ%@ﬁby the PCle compliant signals sent by the driver do not meet the

PCle Specification requirements, wihich said received signals do meet the PCle
Specification requirements without the driver, and further including an interface
processing a sideband signal such that the sideband signal is sent after the power has
stabilized.

[600Y9b] In accordance with a third aspect of the present invention, there is
provided a PCI Express (PCle) communication system comprising: & host recetving bus
data and power, configured to serially transmuit PCle compliant signals; a serial link
electrically coupled to the host; a receiver electrically coupled to the host a serial link
electrically coupled to the link and configured to receive the serially transmitted PCle
signals; a driver electrically coupled to the host and configured to amplify the transmitted
PCle signals, whereby the PCle signals sent by the host do not meet the PCle
Specification requirements, but which PCle signals do-meet the PCle Specification at the
receiver; and processing means for processing a sideband signal such that the side band
signal is passed after the power has stabilized.

[6009¢] In accordance with a fourth aspect of the present invention, there is |
provided a driver adapted to couple to a data bus having power and amplify received PCle
compliant signals, comprising: driver means for sending signals that do not meet the PCle
Specification requirements, which said received signals do meet the PCle Specification
requirements without the driver, and further including an means for processing a sideband

signal such that the sideband signal is sent after the power has stabilized.



[0009¢e] In accordance with a fourth aspect of the present invention, there
is provided a driver adapted to couple to a data bus having power and
amplify received PCle compliant signals, comprising: driver means for
sending signals that do not meet the PCle Specification requirements,
which said received signals do meet the PCle Specification requirements
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BRIEF DESCRIPTION OF THE DRAWINGS 100101 Figure 1 deplcts a

pRInK viaxraretenegacymamtiaisiaiasbus expanded by a serial cable to
an expansion system using a prior art bridging or switching device; [0011]

Figure 2 depicts one embodiment of the invention
10610] Figure 1 depicis a block diagram of a legacy paraliel data bus

expanded by a serial cable fo an expansion svstem using a prior art bridging or switching

device;
[0911)] Figure 2 depicts one embodiment ofthe invention
providing serial expansion of a host serial data bus to an expansion svstem without

using a bridging or switching device;

(6012} Figure 3 depicts a data and clock buffer adapted to buffer

signals communicated from one end of the serial link to the other end;

[6013] Figure 4 depicts an interface circuit configured to process

sideband signals; and
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providing serial expansion of a host serial data bus to an expansion
system without using a bridging or switching device; [00121 Figure 3
depicts a data and clock buffer adapted to buffer signals communicated

WRGHHHESENd of the serial link to the other end; [00131 FiguP& Hid@picte s

interface circuit configured to process sideband signals; and 4a WO
2008/088525 PCT/US2007/025254 100141 Figure 5 depicts a waveform
diagram of the host expansion slot power and a processed sideband
signal according to the invention. DETAILED DESCRIPTION OF THE
PRESENT INVENTION [0015] Figure 2 depicts one embodiment of the

inventippaid0 COrPRAisHY @pRs 2% hatithaihesiaathiBodd apansivn
interface 26, that extends. the host bys 24 to. an expansion system data,
SILEORGE S8 SRS EneT I EAT SR A6y S 0B R BRI 32 using o

very transparent method. The interface 26 includes a data and clock
buffer that conditions data and clock signals, such as those available from

Pericom, Maxim, and National §emic%:1£$1 tor.and all sideband interface
QKL R SRR O T RS0 XN to the
invention, these buffers 22 strengthen the PCle clock and/or data signals
to levels outside of what is called for in the PCI Express Specification to

compgpzate for calppipsoidpr §idRaIeEIsHIh NS of the invention at 20
comprising & host 22 having a host data bus 24 and an interface 26 that extends
the host bus 24 to an expansion system data, data bus 28 of expansion system 30
over a serial data cable 32 using a very transparent method. The interface 26
includes a data and clock buffer that conditions data and ciock signals, such as
those avaiia_bic from Pericom, Maxim, and National Semiconductor and all

sideband interface circuits that control WAKE# and PERSTH.

[0C016] - According to the invention, these buffers 22 strengthen the
P(le clock and/or data signals to levels outside of what is called for in the PCI
Express Specification to compensate for cable ioss of the signals. Using this
interface and method, the BIOS/OS will not see any device in the expansion
system unti} the expansion slot is populated with an add-in card. This is because
the buffers 22 do not interact with the signals other than to condition them to
levels to compensate for subsequent cable loss. The data being transmitted and
received is not changed or delayed, or wrapped in a secondary protocol, such as
TCP/IP, by this invention, unlike a bridge or switch. This buffer 22 may be a
PI2EQX4 driver manufactured by Pericom Semiconductor Corporation, shown in

Figure 3.



interface and method, the BIOS/OS will not see any device in the
expansion system until the expansion slot is populated with an add-in
card. This is because the buffers 22 do not interact with the signals other

WAt EShtition them to levels to compensate for subsequént EEHIE 75854

The data being transmitted and received is not changed or delayed, or
wrapped in a secondary protocol, such as TCP/IP, by this invention,
unlike a bridge or switch. This buffer 22 may be a PI2EQX4 driver
manufactured by Pericom Semiconductor Corporation, shown in Figure 3.
5 WO 2008/088525 PCT/US2007/025254 [0017] Advantageously, this

inventigyopreyides sidebaad:signgl RRCESEHEN HeJniey farruBenigither
or both of the host and expansion that aJso, processes side band signals,
PO AR R 108 TG E8 AP I B () SR B LR S
vaad ssigpidts tarel handiad snciushPE RETHaSden ainidh tef & M(tisted wake
wer-on . seguence of the peripheral card 22 when the haost system is. off,
e B R R o AR S e e
valdchicpb vartensadecaizgph theapaipkign ahpt Geewbiery thedthsies ioethas isff,
Jniggiateddanlaterface 26 and that processes a sideband signal such that

the signal is passed on to the expansion interface after power at the

expan i(}Q i%erface%igfstable. In gne embodjment, apgwer-on reset . |
monitdrarcutt 42 eRSUTBE Boler VB is staBfd% 15 shown an clecirica

ot

schematic diagram of an signal processing module 40 that is integrated in
interface 26 and that processes a sideband signal such that the signal is passed on
io the expansion interface after power at the expansion interface is stable. In one
embodiment, a power-on reset monitor circuit 42 ensures power Vpp is stable a
finite period of time that meets the PCle specification, before passing on the
sideband signal, such as PERST# or WAKE#. Other signals, such as PRSNT#
{(peripheral card present), are handled in such a way as to ensure the host system
understands how many lanes (connections to) the expansion system it has
available, which aids in link training right after power up regardless of the lanes

the peripheral card may have available.

[(0013] Basically, what can happen in a laptop is as the PCle slot
power in the laptop comes up as shown in Figure 5, (not o be confused with main
power but the +3.3V and +1.5V Vpp power in the Express slot), the slot power
can go up and down/glitch before stabilizing, as shown at ‘A’. This glitch causes
problems initiating sideband signal, such as PERST#, since the glitch does violate
the PCle specification. The add-in card in the expansion system will usually not
behave properly if it even comes out of reset at this point, because the system
power (for the host card) was not stable before PERST# was deasserted, shown at

point ‘D" This embodiment of the invention incorporates the small reset monitor
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finite period of time that meets the PCle specification, before passing on
the sideband signal, such as PERST# or WAKE#. Other signals, such as
PRSNT# (peripheral card present), are handled in such a way as to
WEIFAHREhost system understands how many lanes (conhE&fioHe%e)2525+
the expansion system it has available, which aids in link training right
after power up regardless of the lanes the peripheral card may have
available. [0019] Basically, what can happen in a laptop is as the PCle slot
power in the laptop comes up as shown in Figure 5, (not to be confused
with main power but the +3.3V and +1.5V VDD power in the Express

cHip ) ZThRa PR PO WaNGE wp RNELH0 WY gliteh fste r@eﬁ&ﬁbiﬂzm@nasnt of
sho at Aé‘#cﬁ tchc ses q{? Ien%s mmag; ‘Sd dSI %uch
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thafigpilps Mithe eassdimeet lofkhe iprantichs ﬁumrates the small reset
monitor 6 WO 2008/088525 PCT/11S2007/025254 chip 42 that ensures

Powerpgpotp be gsatéﬁgﬁcsgmfimldemrmhaﬁmaﬂmum afstineninad a
BrenerRlesppicsion ool pescs e st o) sy
tRERST. Wﬁﬁmﬁmﬁlﬁhwﬁmm tigte " CinreBts thatiPClevepie difioationaasted.
’ﬁ{@ﬂ@y seem odd, but as the system powers up, spikes and noise on this line can
cause erratic behavior. Furthermore, in using adapter cards that aliow PCle E-
cards to be used in Desktop host computers, the desktop PC turns on (from being
powered off) when these cards are plugged in. In most cases, this is atiributed it
to the presence of the WAKE# signal as the inserted card is plugged in, it is
detected before it has been able to pull WAKE# after its power on sequence.

[o021] This present invention is superior and unique because it
does not require a bridge (or switching device}, additional drivers, or any
resources 1o be allocated for this type of high speed serial expansion system. In
contrast, any peripheral card drivers / resources required in the case of Figure 1,
caching or other bridge / switch attributes will decrease performance because
there will always be some latency in distributing the packets through a bridge or
switch. The invention is faster for a single siot expansion than a similar system

(for a single slot) using a bridge or switch device.

[0022] This invention differs from an extension card in that it
offers the ability to use the peripheral card under normal or even better conditions

juxtaposed to the ability of an extension card which would usually require



that spikes in the power do not lock up or fowl the system. [0020]
Sideband signal WAKE# is handled much easier and in a conventional
method, it is passed through. The invention lets WAKE# float and the
WRLEOEPERSA pulls this line high. Since it is active low, it is neRfel BeXEiaf254
This may seem odd, but as the system powers up, spikes and noise or
this line can cause erratic behavior. Furthermore, in using adapter cards
that allow PCle E- cards to be used in Desktop host computers, the
desktop PC turns on (from being powered off) when these cards are
plugged in. In most cases, this is attributed it to the presence of the
rHAKEA S anahas: tipsiBse Hekcard iaPasambidxitistHedestesthgfretie
has been able to pull WAKE# after its power on sequence. [0021] This
RSalTRL& & superior and unique because it does not require a
bridge (or switching device), additional drivers, or any resources to be

allocate@i@? this ty@@ghghesi@@edigerwmmwgmﬁh Iresperittast,
oY RETPherAl carth YRR IRAAHRRAGAYIERY IRJBRICARSOMIOWR dme

caching or other bridge / switch attributes will decrease performance
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expansjon than a similar system (for a single slot) using a bridge or

RASHIEI B VIER, FoUERP R AR BT A A AR S AR A DR tha
it offers the ability to use the peripheral card under normal or even better
conditions juxtaposed to the ability of an extension card which would
usually require



7 WO 2008/088525 PCT/US2007/025254 removal of the host system
cover and an unorthodox method of securing the peripheral card in place.

[0023] Though the invention has been described with respect to a specific
WEréteHEd¥mbodiment, many variations and modifications wWift H&E8eHE025254

apparent to those skilled in the art upon reading the present application. It
is therefore the intention that the appended claims be interpreted as
broadly as possible in view of the prior art to include all such variations
and modifications. 8 WO 2008/088525 PCT/US2007/025254 CLAIMS
What is claimed is: | . A PCI Express (PCle) communication system
comprising a host receiving bus datg gpckpower, configured to serially
transmjt PCle com liant signals; a serial link electrically coupled to the
host; a ?:telﬁl‘élflg’i’@ tically coupled to the host a serial link electrically

coupl d tot eijgr nde(éo red to ngecleclvteethse s§er|all%/transm|tted PCle
S|gnals a dritet slecthca cour)JIe(ﬂ HERSL 2RE T |garedlgo amplify

tdhoenga’hs”%'%%% DS SRS SR NG R F AR RSB RSt
compliant signals;

a serial link electrically coupled to the host;

a receiver electrically coupled to the host a serial link electrically coupled
to the link and configured to receive the serially transmitted PCle signals;

a driver electrically coupled to the host and configured to amplify the
transmitted PCle signals, whereby the PCle signals sent by the host do not meet
the PCle Specification requirements, but which PCle signals do meet the PCle
Specification at the receiver; and

the host including an interface processing a sideband signal such that the
side band signal is passed after the power has stabilized.

2. The PCle communication system as specified in Claim | wherein
the serial link can be, but is not required to be, a PCle Specification compliant
cabie.

3. The PCle communication system as specified in Claim 1 wherein

the interface is synchronized with the host power and is adapted to process a

PERST# sideband signal.



the PCle Specification requirements, but which PCle signals do meet the
PCle Specification at the receiver; and the host including an interface
processing a sideband signal such that the side band signal is passed
WErEIPIESPBWer has stabilized. 2. The PCle communication B§3tEfHs/25254
specified in Claim 1 wherein the serial link can be, but is not required to
be, a PCle Specification compliant cable. 3. The PCle communication
system as specified in Claim 1 wherein the interface is synchronized with
the host power and is adapted to process a PERST# sideband signal. 9
WO 2008/088525 PCT/US2007/025254 4. The PCle communication
system, as spaifietdnSrimmiR wiareiRdhenigeanedalaysithe RRRST#
signal until the power is stable a predetermined time period. 5. A driver
tRdnpietldo RouplentoPE RSB RUS aviag theyekaid ampliyprareiyesthRCle
compliant signals, whereby the PCle compliant signals sent by the driver
tagepetioteet the PCle Specification requirements, which said received
signals do meet the PCle Specification requirements without the driver,
and férther iAcinamgdapiedarfacepberoceskingasdideingne signaidserohlifat
the sideband signal is sent after the power has stabilized.
received PCle compliant signals, whereby the PCle compliant signals sent by the

driver do not meet the PCle Specification requirements, which said received
signals do meet the PCle Specification requirements without the driver, and
further including an interface processing a sideband signal such that the sideband
signal is sent after the power has stabilized.

6. The driver as specified in Claim 5 wherein the driver is configured
to deliver the PCle signals that meet the PCle Specification at a recetver when

sent over the cable which cable may not be éompliant with the PCle Specification.
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6. The driver as specified in Claim 5 wherein the driver is configured to
deliver the PCle signals that meet the PCle Specification at a receiver
when sent over the cable which cable may not be compliant with the PCle
WEZASHEESN. 10 WO 2008/088525 PCT/US2007/025254 7 GBER0T25254
Express (PCle) communication system comprising: a host receiving bus
data and power, configured to serially transmit PCle  compliant signals; a
serial link electrically coupled to the host; a receiver electrically coupled to
the host a serial link electrically coupled to the link and configured to
receive the serially transmitted PCle signals; a driver electrically coupled

to the-host andpeonfighiead tecampbvihiidinaavitedRede-sianals,
whereby the PCle signals sent by the host do not meet the PCle
Specifigatioreteniie Bisrisabint whick ROAE sigapis deinneatihaediele
Specification at the receiver; and processing means for processing a
comiebanmtchigigrial such that the side band signal is passed after the power
has stabilized. 8. The PCle communication system as specified in Claim 7
wheredrsetird Bekialdivikadly beyied is Hothesjuired to be, a PCle
Specification compliant cable. 9. The PCle communication system as
speciffett4ai Gafsrigndraipupled to the host a serial link electrically coupled

to the link and configured to receive the serially transmitted PCle signals;

a driver electrically coupled to the host and configured to amplify the
transmitted PCle signals, whereby the PCle signals sent by the host do not meet
the PCle Specification requirements, but which PCle signals do meet the PCle
Specification at the receiver; and

processing means for processing a sideband signal such that the side band
signal is passed after the power has stabilized.

8. The PCle communication system as specified in Claim 7 wherein
the serial link can be, but is not required to be, a PCle Specification compliant
cable,

9. The PCle communication system as specified in Claim 7 wherein
the processing means is synchronized with the host power and is adapted to

process a PERST# sideband signal.
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the processing means is synchronized with the host power and is adapted
to process a PERST# sideband signal. 11 WO 2008/088525
PCT/US2007/025254 10. The PCle communication system as specified
Wi WB881088%vherein the processing means delays the PERST#<IgAd YIRfES+

the power is stable a predetermined time period. 11. A driver adapted to
couple to a data bus having power and amplify received PCle compliant
signals, comprising: driver means for sending signals that do not meet the
PCle Specification requirements, which said received signals do meet the
PCle Specification requirements without the driver, and further including

an megs forpLaeersig Aunidehand signalsyehihatithe sidedband:signal

IS sent after the power has stabilized. 12. The driver as specified in Claim
tAd puhetsingthe siven e arsisrearfigered. i delesdhe signsle shat meet

the PCle Specification at a receiver when sent over the cable which said

radiemaeaciniekeigpliant with the PCle Specification. 12

11, A driver adapted to couple to a data bus having power and amplify
received PCle compliant signals, comprising:

driver means for sending signals that do not meet the PCle Specification
requirements, which said received signals do meet the PCle Specification
requirements without the driver, and further including an means for processing a
sideband signal such that the sideband signal is sent after the power has stabilized.

12. The driver as specified in Claim 11 wherein the driver means is
configured to deliver the signals that meet the PCle Specification at a receiver

when sent over the cable which said cable may not be compliant with the PCle

Specification.
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