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(57) ABSTRACT

Circuits and methods for interconnecting a live backplane
and at least one /O card are provided. This invention
provides interconnection circuitry that utilizes buffer cir-
cuitry to connect the data and clock busses of the backplane
to the data and clock busses of the /O card in a “hot-
swappable” fashion. Buffer circuitry also isolates the capaci-
tance associated with the backplane from the capacitance
associated with the /O card. For example, when at least one
signal is driven from the backplane to the I/O card, the signal
need only overcome the capacitance associate with the
backplane. Conversely, when at least one signal is driven
from the I/O card to the backplane, the signal need only
overcome the capacitance associated with the I/O card.
Hence, this capacitive isolation facilitates signal propagation
between the backplane and the I/O card.
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CIRCUITS AND METHODS FOR
INTERCONNECTING BUS SYSTEMS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/254,821, filed Dec. 11, 2000, the
disclosure of which is hereby incorporated by reference
herein in its entirety.

BACKGROUND OF THE INVENTION

[0002] This invention relates to interconnection circuitry.
In particular, this invention relates to interconnecting /O
card busses with host system busses using interconnection
circuitry.

[0003] Conventional systems, such as computers, servers,
or other systems require 1/O cards (e.g., control circuitry) to
operate. /O cards can monitor and control parameters such
as voltage, current, and temperature to keep the system up
and running. 1/O cards typically operate at a much lower
frequency than the processing and memory circuits of the
system. Therefore, I/O cards may require a separate, slower
clocking and data transfer scheme to operate. Accordingly,
various specification standards have been developed to
define methods for performing data transfer with these cards.
I°C and SMBus specification standards, for example, define
a two-wire bus system having a single data line (SDA) and
a single clock line (SCL) used for serial data transfer.

[0004] As systems (e.g., server systems) have increased in
size, the number of input/output (I/O) peripheral cards used
in a system have also grown in proportion. As a result, the
equivalent capacitance on the data (SDA) and clock (SCL)
lines of two-wire bus systems has also increased. This is
because the SDA and SCL lines of each I/O card connect
directly to those on the system’s backplane, resulting in a
single large bus. The increased capacitance may present
problems, making it difficult for designers to meet the rise
and fall time requirements defined, for example, by the I°C
and SMBus specifications.

[0005] Another problem that may occur relates to con-
necting and removing I/O cards from the backplane without
having to power down the backplane (a procedure known as
“hot swapping”). Typically, power supply lines and ground
lines may be successfully hot swapped, but when other lines
such as data and clock lines undergo hot-swapping, it may
result in some sort of equipment or software failure, possibly
even causing damage to the equipment.

[0006] Tt is therefore an object of the present invention to
provide interconnection circuitry that can hot-swap data and
clock lines of two interconnected devices.

[0007] 1t is also an object of the present invention to
provide capacitive isolation among devices coupled together
on a bus using interconnection circuitry.

SUMMARY OF THE INVENTION

[0008] In accordance with these and other objects of the
invention, circuits and methods for interconnecting 1/O
cards and system backplanes are provided. In preferred
embodiments of the invention, interconnection circuitry may
utilize buffer circuitry to isolate the capacitances of the /O
cards from the capacitances of the system backplane. The
buffer circuitry may implement various modifications of
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cross-coupled transistor arrangements to isolate (1) I/O
cards from each other, (2) /O cards from backplane, or (3)
both.

[0009] One portion of the buffer circuitry may be used, for
example, to drive signals from the system backplane to the
1/O card. Then another portion of the buffer circuitry may be
used to drive signals from the I/O card to the system
backplane. Hence, the buffer circuitry provides bidirectional
signal driving capabilities that isolate the capacitance of the
busses connected to both sides of the interconnection cir-
cuitry. That is, the side of the interconnection circuitry
coupled to the backplane is isolated from the side coupled to
the I/O card.

[0010] The isolation of the respective capacitances may
provide rapid LOW-to-HIGH and HIGH-to-LOW signal
transitions. Since the capacitances of the /O cards are
isolated from each other and the backplane (and not com-
bined), signals may only need to overcome the capacitance
of the side that provides the signal. For example, if an /O
card is driving a signal to a backplane, the driving circuitry
of the I/O card may have to overcome the I/O card capaci-
tances, but need not address the backplane capacitances due
to the isolation.

[0011] The present invention may also provide the capa-
bility to hot-swap systems using data and clock busses.
Hot-swapping these system busses may be accomplished by
connecting the backplane busses to the /O card busses
during a pre-determined condition. Preferably, the respec-
tive busses may be connected to each other when (1) a STOP
bit or bus IDLE condition occurs on the backplane busss and
when (2) the I/O card busses both exhibit HIGH signals.
Connecting the busses together during this condition may
ensure that busses are successfully connected and discon-
nected with the backplane without causing signal corruption
or system failure.

[0012] The interconnection circuitry may have other cir-
cuitry such as under voltage lockout (UVLO) circuitry and
pre-charge circuitry that assist the present invention in
hot-swapping data and clock busses. UVLO circuitry
ensures that the backplane and I/O card data busses and the
backplane and I/O card clock busses are not coupled
together if the voltage supplied to interconnection circuitry
is below a predetermined voltage. For example, when the
interconnection circuitry is initially powered up, the UVLO
circuitry prevents the interconnection circuitry from moni-
toring the busses for the predetermined condition until there
is sufficient voltage supplied to the circuit. Because the
backplane and I/O card busses are not monitored in UVLO,
the predetermined condition necessary for interconnection
cannot be detected. In another example, when the supply
voltage drops too low, the UVLO circuitry may force the
coupled busses to disconnect and prevent monitoring of the
busses.

[0013] Pre-charge circuitry may force a voltage on the
backplane and I/O card busses prior to coupling the busses
together. Applying this voltage to the respective busses
before interconnection decreases the voltage differential that
exists between the system backplane busses and the back-
plane pins located on the interconnection circuitry at the
moment of connection. Minimizing the differential voltage
seen at this interconnection also minimizes disturbance
caused to the live system backplane.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Further features of the invention, its nature and
various advantages of the invention will be apparent upon
consideration of the following detailed description, taken in
conjunction with the accompanying drawings, in which like
reference characters refer to like parts throughout, and in
which:

[0015] FIG. 1 is a pin out block diagram of interconnec-
tion circuitry according to the principles of the present
invention;

[0016] FIG. 2 is block diagram of the interconnection of
a backplane and an 1/O card according to the principles of
the present invention;

[0017] FIG. 3 is a circuit diagram of buffer circuitry
according to the principles of the present invention;

[0018] FIG. 4 shows illustrative waveform diagrams pro-
vided by using the circuit diagram of FIG. 3 according to the
principles of the present invention;

[0019] FIG. 5 is a circuit diagram of buffer circuitry of
FIG. 3 being used in conjunction with buffer control cir-
cuitry according to the principles of the present invention;

[0020] FIG. 6 shows illustrative waveform diagrams pro-
vided by using the circuit diagram of FIG. 5 according to the
principles of the present invention;

[0021] FIG. 7 shows detailed illustrative waveform dia-
grams from a portion of FIG. 6 according to the principles
of the present invention;

[0022] FIG. 8 is a circuit diagram of an alternative
embodiment of buffer circuitry according to the principles of
the present invention;

[0023] FIG. 9 is a circuit diagram of another alternative
embodiment of buffer circuitry according to the principles of
the present invention;

[0024] FIG. 10 is a circuit diagram of yet another alter-
native embodiment of buffer circuitry according to the
principles of the present invention; and

[0025] FIG. 11 is a pin out block diagram of alternative
interconnection circuitry according to the principles of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0026] Circuits and methods for interconnection circuitry
are provided. In particular, circuits and methods are pro-
vided for interfacing an I/O card with the backplane of a
system using interconnection circuitry.

[0027] FIG. 1 shows a pin out block diagram of intercon-
nection circuitry 10 that addresses problems described
above. Interconnection circuitry 10 may include VCC pin
12, GND pin 14, SDA_OUT pin 16, SCL_OUT pin 18,
SDA_IN pin 20, SCL_IN pin 22, ENABLE/VCC2 pin 24,
READY/ACC pin 26, STOP/IDLE circuitry 30, UVLO/
ENABLE circuitry 50, comparators 61, 62, 66, and 67, AND
gate 67, current boost circuitry 70a-d, switches 80a-d,
switches 82a-d, buffer circuitry 84, buffer circuitry 85,
pre-charge circuitry 90, resistors 92a-d, transistor 95, and
inverter 96.
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[0028] The above-mentioned circuitry can be connected as
follows. SDA_OUT pin 16 can be coupled to buffer circuitry
84 via switch 80a. In addition, SDA_OUT pin 16 may also
be coupled to pre-charge circuitry 90 via resistor 92a and
switch 824. SCL_OUT pin 18 may be coupled to buffer
circuitry 85 via switch 806, and also to comparator 67. In
addition, SCL,_OUT pin 18 may be coupled to pre-charge
circuitry 90 via resistor 926 and switch 8256. SDA_IN pin 20
may be coupled to buffer circuitry 84 via switch 80c¢, and
also to comparator 61. SDA_IN pin 20 may also be coupled
to pre-charge circuitry 90 via resistor 92¢ and switch 82c.
SCL_IN pin 22 may be coupled to buffer circuitry 85 via
switch 80d4. SCL_IN pin 22 may also be coupled to com-
parator 62, and to pre-charge circuitry 90 via resistor 92d
and switch 824. Comparators 61, 62, 66, and 67 may also be
coupled to a reference voltage source 63, which can provide
a voltage level at a ratio of VCC. In addition, current boost
circuitry 70a-b may be coupled to both sides of buffer
circuitry 84, while boost circuitry 70c-d may be coupled to
buffer circuitry 85.

[0029] The output of comparators 66 and 67 may be
coupled to AND gate 68. The output of AND gate 68 may
be coupled to STOP/IDLE circuitry 30. Likewise, the out-
puts of comparators 61 and 62 may also be coupled to
STOP/IDLE circuitry 30. ENABLE/VCC2 pin 24 may be
coupled to UVLO/ENABLE circuitry 50, which can be
coupled to STOP/IDLE circuitry 30. The output of STOP/
IDLE circuitry 30 may be coupled to transistor C5, which is
coupled to READY/ACC pin 26. The output of STOP/IDLE
circuitry 30 may also be coupled to inverter 96.

[0030] Interconnection circuit 10 enables a user to hot-
swap systems. Hot-swapping is a process in which a device
such as an 1/O card is inserted or removed from a “live”
system (e.g., a server). Hence, hot-swapping facilitates inter-
changeability of systems without having to power down the
respective host system. In accordance with the present
invention, hot-swapping may be accomplished as follows.
FIG. 2 provides an example in which interconnection cir-
cuitry 10 is utilized for hot-swap interconnection. In par-
ticular, FIG. 2 illustrates interconnection circuitry 10 being
implemented on a system such as 1/O card 200, which can
be connected to a host system such as backplane 220.

[0031] FIG. 2 shows the SDA and SCL lines of backplane
220 and 1/O card 200 connected to interconnection circuitry
10. FIG. 2 also shows that additional /O cards can be
coupled to backplane 220. When /O card 200 is initially
plugged into a live backplane 220 via connector 222, certain
connections may occur in sequence (e.g., to provide hot-
swap capacity). (Connector 222 may be a staggered con-
nector, which, for example, interconnects the ground pin
first and power pin second, before interconnecting the
enable, data, and clock pins.) First, GND 14 is connected to
GND 224 and then VCC 12 is connected to VCC 226. Then
other pins such as SDA_IN 20, SCL._IN 22, and ENABLE/
VCC224, may be connected to BACK_SDA 228, BACK-
_SCL 230, and ENA 232, respectively, at the substantially
the same time. Persons skilled in the art will appreciate that
various connection sequences can be implemented when I/O
card 200 is interconnected with system backplane 222. For
example, ENA 232 may be connected last to ensure that al
of the other pins have established firm connections through
connector 222 before any monitoring begins.



US 2006/0212634 Al

[0032] Hot-swapping VCC and GND is well known in the
art and thus is not particularly pertinent to the present
invention. Hot-swapping DATA and CLOCK busses, how-
ever, is germane to the present invention. As shown in FIG.
2, BACK_SDA bus 228 and BACK_SCL bus 230 of back-
plane 220 can be, respectively, hot-swapped with
CARD_SDA bus 205 and CARD_SCL bus 207 of 1/O card
200 via interconnection circuitry 10. Interconnection cir-
cuitry 10 provides this bus-to-bus hot-swap capability as
follows.

[0033] Referring back to FIG. 1, assume that the
ENABLE function of ENABLE/VCC224 is active and the
VCC2 function is inactive. Also assume that the READY
function of READY/ACC 26 is active and the ACC function
is inactive. Interconnection circuitry 10 may not couple the
backplane bus to the I/O card busses until: (1) the circuit is
not operating in an under-voltage lockout (UVLO) condi-
tion; (2) when either a STOP bit or an IDLE condition exists
for the backplane bus; (3) when each /O card bus exhibits
a HIGH signal; and (4) when a HIGH signal is applied to
ENABLE/VCC224. UVLO may prevent interconnection
circuitry 10 from operating (e.g., from coupling the back-
plane bus to any of the I/O card busses) until VCC 12 rises
to a pre-determined voltage and the voltage on ENABLE/
VCC224 is HIGH. Assuming that a logic HIGH signal is
applied to ENABLE/VC(C224, all activity on the backplane
and /O card busses is ignored until the voltace on VCC 12
rises to the predetermined voltage. A STOP bit or bus IDLE
condition indicates that data transactions on the backplane
busses are complete, and thus in condition to be connected
to the I/O card busses.

[0034] UVLO/ENABLE circuitry 50 determines when the
voltage on VCC pin 12 is at a predetermined value (e.g., 2.5
volts) and also determines when a logic HIGH is applied to
ENABLE. Preferably, UVLO/ENABLE circuitry 50 is
active substantially immediately after interconnection cir-
cuitry 10 receives power. Once active, UVLO/ENABLE
circuitry 50 may send a HIGH signal to the RD input of a
reset dominant flip-flop located in STOP/IDLE circuitry 30
(because the voltage on VCC pin 12 is below the predeter-
mined value). (A reset dominant flip-flop forces the flip-flop
output 4B high whenever a HIGH signal is applied to its RD
input. When RD is LOW, the S input of the flip-flop
determines the state of QB.) Since a HIGH signal is pro-
vided to the RD input of the flip-flop, the QB output of the
flip-flop is HIGH regardless of any signal applied to the S
input of the flip-flop. This HIGH RD input signal causes
interconnection circuitry 10 to ignore the signals on the
backplane and I/O card busses.

[0035] The output of STOP/IDLE circuitry 30, CON-
NECT BAR, may control switches 82a-d, and its comple-
ment CONNECT may control switches 80a-d. For clarity,
the output of STOP/IDLE circuitry 30 is represented by
CONNECT BAR, and the output of inverter 96 is repre-
sented by CONNECT. As shown in FIG. 1, CONNECT
BAR is associated with switches 82a-d and CONNECT is
associated with switches 80a-d. CONNECT BAR and CON-
NECT are shown in FIG. 1 to illustrate the inverse rela-
tionship between switches 80a-d and 82a-d. That is, both
sets of switches 80a-d and 82a-d cannot be in the closed
position at the same time. For example, when QB is HIGH,
switches 80a-d are OPEN, and switches 82a-d are
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CLOSED. Conversely, when QB is LOW, switches 80a-d
are CLOSED, and switches 82a-d are OPEN.

[0036] The output of STOP/IDLE circuitry 30, as shown
in FIG. 1, is coupled to transistor 95. In addition, READY/
ACC pin 26 may be coupled to VCC pin 12 via a resistor.
Transistor 95 may operate in conjunction with READY/
ACC pin 26 to provide an indication of when the backplane
bus is coupled to the I/O card busses. Thus when CONNECT
BAR is HIGH, transistor 95 is active and the voltage at pin
26 is pulled low. When CONNECT BAR is LOW, VCC pin
12 pulls pin 26 up to VCC (e.g., READY is HIGH) via the
resistor. This HIGH READY signal may indicate to a user
that the backplane and 1/O card busses are interconnected,
perhaps by activating a light emitting diode (LED) located
on the 1/O card.

[0037] During UVLO, the output of STOP/IDLE circuitry
30 is HIGH and thus causes switches 82a-d to CLOSE.
When switches 82a-d are CLOSED, pre-charge circuitry 90
forces a voltage (e.g., 1 volt) on SDA_OUT pin 16,
SCL_OUT pin 18, SDA_IN pin 20, and SCL_IN pin 22
through four resistors 92a-d that are coupled between each
of the pins and pre-charge circuitry 90. Resistors 92a-d may
each have a resistance substantial enough (e.g., 100K Ohm)
to buffer pre-charge circuitry 90 from SDA_OUT pin 16,
SCL_OUT pin 18, SDA_IN pin 20, and SCL_IN pin 22.

[0038] Because the 1/O card is being plugged into a live
backplane, the voltace on the SDA and SCL backplane
busses may be anywhere between 0V and VCC. Pre-charg-
ing SCL_IN pin 20 and SDA_IN pin 22 minimizes the
voltage differential that these pins see at the moment of
interconnection with the system backplane busses. Minimiz-
ing the differential voltage also minimizes disturbance
caused to the live system backplane. SDA_OUT pin 16 and
SCL_OUT pin 18 may also be charged by pre-charge
circuitry 90 just in case a user were to attempt to connect
these pins to the live system backplane busses.

[0039] Pre-charge circuitry may force a voltage on the
backplane and I/O card busses prior to coupling the busses
together. Applying this voltage to the respective busses
before interconnection decreases the voltage differential that
exists between the system backplane busses and the back-
plane pins on the interconnection circuitry at the moment of
connection.

[0040] When interconnection circuitry 10 is supplied with
enough voltage, (e.g., VCC pin 12 voltage is greater than or
equal to 2.5V) and ENABLE is HIGH, the circuit may no
longer operate in UVLO. That is, when interconnection
circuitry 10 is not in UVLO, UVLO/ENABLE circuitry 50
provides a LOW signal to the RD input of the flip-flop in
STOP/IDLE circuitry 30. This enables STOP/IDLE circuitry
30 to begin monitoring the SDA and SCL busses on the
backplane and the /O card. When STOP/IDLE circuitry 30
monitors a STOP bit or bus IDLE condition on the backplane
busses and HIGH signals on the /O card busses, it may
cause switches 80a-d to close and switches 82a-d to open.
Once switches 80a-d are CLOSED, the busses on the
backplane and I/O card are interconnected via buffer cir-
cuitry 84 and 85.

[0041] STOP/IDLE circuitry 30 may be able to determine
when to close switches 80a-d based the outputs provided by
comparators 61, 62, 66, and 67. Comparators 61, 62, 66, and
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67 monitor the voltages on the backplane and I/O busses. In
particular, comparators 61 and 62 monitor the voltages on
SDA_IN pin 20 and SCL_IN pin 22, respectively. Com-
parators 66 and 67 monitor the voltages on SDA_OUT pin
16 and. SCI._OUT pin 18, respectively. Comparators 61, 62,
66, and 67 can be, for example, hysteretic comparators, but
other suitable types of comparators can be used as well.

[0042] An advantage of hysteretic comparators is that they
may provide noise immunity to various signals provided by
the systems. Noise immunity may be achieved by relying on
two separate threshold voltages to determine when the
comparator provides a particular output signal. For example,
if the amplifier input voltage is originally LOW, it may have
to rise to a first threshold voltage (e.g., about 55% of VCC)
before a HIGH output signal is provided by the comparator.
If the amplifier input voltage is HIGH, it may have to fall to
a second threshold voltage (e.g., about 45% of VCC) before
a LOW output signal is provided by the amplifier. Persons
skilled in the art will appreciate that any suitable threshold
voltages can be implemented with hysteretic comparators.
For example, the LOW threshold level and HIGH threshold
level may be 30% and 70% of VCC, respectively.

[0043] STOP/IDLE circuitry 30 may determine when a
STOP bit or bus IDLE condition exists based on the outputs
provided by hysteretic comparators 61 and 62. A STOP bit
or bus IDLE condition indicates that data transactions on the
backplane bus are complete. Hence if data transactions on
the backplane bus are inactive or complete, the backplane
bus may be in condition to connect to I/O card busses. A
STOP bit condition occurs when SDA_IN transitions HIGH
while SCL_IN is HIGH. A bus IDLE condition occurs, in
accordance with I°C and SMBus specifications, when both
SDA_IN and SCL_IN are HIGH for at least 50 ps. While the
present invention has been constructed in accordance with
the current standards of the I?°C and SMBus specifications;
persons skilled in the art will appreciate that those standards
may vary depending on bus speed and other factors.

[0044] STOP/IDLE circuitry 30 also verifies that both the
SDA_OUT and SCL_OUT voltages are HIGH before clos-
ing switches 80a-d. When the voltages at the SDA_OUT pin
16 and SCL_OUT pin 18 are HIGH, the output voltages of
comparators 67 and 68 go HIGH. When SDA_OUT pin 16
and SCL._OUT pin 18 are HIGH, and either a STOP bit or
a bus IDLE condition occurs on SDA_IN pin 20 and
SCL_IN pin 22, the S input of the latch goes HIGH forcing
QB LOW, if RD is already LOW.

[0045] Once STOP/IDLE circuitry 30 causes switches
80a-d to CLOSE, switches 80a-d may remain CLOSED
until either (1) ENABLE goes LOW or (2) the voltage on
VCC pin 12 drops below the predetermined value. Assume,
for example, that switches 80a-d are closed, but the voltage
on VCC pin 12 drops below the predetermined voltage level.
If this occurs, UVLO circuitry may force interconnection
circuitry 10 into UVLO by providing a HIGH signal to the
RD input of the flip-flop in STOP/IDLE circuitry 30. Thus,
this causes switches 80a-d to OPEN and switches 82a-d to
CLOSE, and the process in determining when to couple the
backplane and 1/O card busses as described above is reini-
tiated.

[0046] When QB goes LOW, switches 80a-d close in
response to CONNECT BAR being a LOW signal. When
switches 80a and 80c close, SDA_IN pin 20 is coupled to the
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SDA_OUT pin 16 through buffer circuitry 84. SCL_IN pin
22 is coupled to SCL_OUT pin 18 through buffer circuitry
85 when switches 8056 and 80d close. Also, when QB goes
LOW, switches 82a-d open to decouple pre-charge circuitry
90 from SDA_OUT pin 16, SDA_IN pin 20, SCL._OUT pin
18, and SCL_IN pin 22.

[0047] Preferably, buffer circuitry 84 is used in conjunc-
tion with switches 80a-d to provide hot-swap capability to
the busses. However in an alternative embodiment, as shown
in FIG. 3, switches 80a-d may be removed, and the SDA and
SCL busses on the backplane and the I/O card can be
coupled and decoupled by enabling and disabling the bias
currents in amplifiers AMP1 and AMP2.

[0048] Once the backplane and I/O card busses are inter-
connected, buffer circuitry 84 and 85 (FIG. 1) provide
interconnection circuitry 10 with the ability to drive signals
between the backplane and I/O cards. FIG. 3 illustrates one
example of the buffer circuitry of FIG. 1 constructed in
accordance with the principles of the present invention.

[0049] In this example, the buffer circuitry is generically
indicated by box 100 and includes amplifiers AMP1 and
AMP2, voltage sources 105 and 108, and transistors 106 and
109. In FIG. 3, buffer circuitry 84 is illustrated with VCC,
GND, SDA_IN pin 20, SDA_OUT pin 16, RBACK,
CBACK, external device NEI1, external device NE2,
RCARD, and CCARD. The devices illustrated outside box
100 may be provided to show how buffer circuitry 84
interacts with other elements of interconnection circuitry 10.
For example, VCC may represent the voltage provided to
both the backplane and I/O card. RBACK may represent an
arbitrary value of resistance existing between VCC and
SDA_IN 20. CBACK may represent the capacitance asso-
ciated with SDA_IN 20 and the backplane. NE1 may be a
simple representation of the backplane and is shown to
illustrate how the backplane applies signals to SDA_IN 20.
Similarly, RCARD, CCARD, and NE2 are respectively
associated with SDA_OUT 16 and the I/O card.

[0050] Persons skilled in the art will appreciate that FIG.
3 may also represent the circuitry provided in buffer circuitry
85 in addition to, or instead of buffer circuitry 84. For
instance, buffer circuitry 100 could be configured to inter-
connect SCL_IN 22 and SCL_OUT 18. For purposes of
providing clarity and brevity, elements such as VCC,
RBACK, CBACK, RCARD, CCARD, NE1, and NE2 may
be illustrated in other figures (e.g., FIGS. 5, 8, 9, and 10).
These elements may inherently represent the same attributes
and functionality as those elements described in FIG. 3.

[0051] RBACK is coupled to SDA_IN pin 20, VCC,
CBACK, and NE1. SDA_IN pin 20 is coupled to external
device NE1, CBACK, amplifier AMP1, transistor 109, and
voltage source 108. The output of amplifier AMP1 is
coupled to transistor 106. SDA_OUT pin 16 is coupled to
voltage source 105, transistor 106, amplifier AMP2,
RCARD, CCARD, and external device NE2. Voltage
sources 105 and 108 are coupled to the non-inverting input
of amplifiers AMP1 and AMP2, respectively. RCARD is
coupled to VCC, CCARD, SDA_OUT 16, and NE2.
CBACK, CCARD, transistors 106 and 109, and devices
NE1 and NE2 are coupled to ground.

[0052] Capacitors CBACK and CCARD shown in FIG. 3
may represent the equivalent capacitance on the SDA busses
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at SDA_IN pin 20 and SDA_OUT pin 16, respectively.
Capacitors CBACK and CCARD may also represent the
equivalent capacitance on the SCL busses coupled to buffer
circuitry 85 (such as shown in FIG. 1) coupled between
those respective pins. One advantage of the present inven-
tion is that the buffer circuitry 100 isolates the capacitance
of'the backplane (e.g., CBACK) from the capacitance of the
1/0 card (e.g., CCARD). Buffer circuitry 100 is able to
maintain capacitive isolation while being able to transfer
signals between the backplane and the /O card.

[0053] Buffer circuitry 100 may be able to drive signals
from one device to another using the cross-coupled amplifier
arrangement of the present invention. For example, amplifier
AMP1 may drive signals provided by the backplane bus to
the 1/O card bus by forcing SDA_OUT pin 16 to mimic the
signal received at SDA_IN pin 20. (This can be accom-
plished because amplifier AMP1 operates similar to that of
a voltage follower. For example, when SDA_IN goes low,
AMP1 causes SDA_OUT to go low). Thus amplifier AMP1
can relay signals from the backplane bus to the I/O card bus,
while isolating them from each other. Likewise, amplifier
AMP2 can relay signals from the I/O card bus to the
backplane bus.

[0054] When external device NE1 pulls down SDA_IN
pin 20, amplifier AMP1 turns ON transistor 106. When
transistor 106 is activated, the voltage on SDA_OUT pin 16
may be forced to follow the voltage provided on SDA IN pin
20. However, voltage source 105 may regulate the voltage
on SDA_OUT pin 16 to a pre-determined voltage (e.g., 50
mV) above the SDA_IN pin 20 voltage when transistor 106
is active.

[0055] Likewise, when external device NE2 pulls down
SDA_OUT pin 16, amplifier AMP2 turns ON transistor 109.
Once transistor 109 is activated, the voltage on SDA_IN pin
20 may be driven down to a predetermined voltage above the
voltage provided on SDA_OUT pin 16. Voltage source 108
may provide the predetermined voltage that regulates the
voltage of SDA_IN pin 20 above that of SDA_OUT pin 16.
Thus, amplifiers AMP1 and AMP2 provide buffer circuitry
100 with bidirectional signal swapping capability.

[0056] Voltage sources 105 and 108 may be coupled to
amplifiers AMP1 and AMP2, respectively, to prevent ampli-
fiers AMP1 and AMP2 from turning ON at the same time.
If AMP1 and AMP2 turn ON at the same time, buffer
circuitry 100 may latch itself in a permanent LOW state. In
practice, amplifiers usually exhibit a random offset voltage
caused by imperfect construction of various components
(e.g., differential amplifier) of the amplifier. If this offset
voltage is too HIGH, the amplifier may not respond accu-
rately to the signals applied to its input.

[0057] For example, assume voltage source 105 and 108
are both zero volts, and that AMP1 has a random offset of
zero volts. If NE1 turns ON and pulls SDA_IN 20 to zero
volts, then AMP1 turns ON transistor 106 and forces
SDA_OUT 16 to zero volts. Next, assume that AMP2 has a
random offset such that it regulates the voltage on SDA_IN
20 at 10 mV below that of the voltage on SDA OUT_16.
Since the voltages on SDA_IN 20 and SDA_OUT 16 are
both zero, AMP2 turns ON transistor 109 in an attempt to
pull the voltage on SDA_IN 20 below ground. Now, tran-
sistors 106 and 109 are both ON, and when NE1 turns OFF,
the voltages on both SDA_IN 20 and SDA_OUT 16 remain
LOW.
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[0058] The rising waveforms occur as follows. When the
backplane stops applying a low signal to SDA_IN (e.g.,
deactivates NE1), the voltage on SDA_IN 20 is pulled up to
VCC. Assume that in this example that the voltage pins 16
an 20 rise at the same rate. As the voltage rises on SDA_IN
20, the voltage on SDA_OUT 16 may also rise, but is held
at the predetermined voltage above that on SDA_IN 20. For
example, assume that SDA_IN 20 has been pulled down to
about zero volts. The voltage on SDA_OUT 16 may be at the
predetermined voltage, which can be 50 mV. When the
voltage on SDA_IN 20 rises to 2.0V, the voltage on
SDA_OUT 16 may be 2.05V. SDA_OUT 16 may then track
SDA_IN 20 at 50 mV above SDA_IN 20 until SDA_OUT
16 reaches VCC. The above example assumed that the
voltage on both pins rise at the same rate. The following
example describes how buffer circuitry 100 operates when
the rise rate differs for each respective pin.

[0059] Once external device NE1 stops pulling down
SDA_IN pin 20, SDA_IN pin 20 is pulled HIGH to VCC
through RBACK and SDA_OUT pin 16 is pulled HIGH to
VCC through RCARD. The voltage on pins 16 and 20 may
independently rise in accordance with the time constants
provided by RCARD*CCARD and RBACK*CBACK,
respectively, however, the voltage rise rate for both pins is
determined by the slower of the respective time constants.
The rise rate for both pins 16 and 20 is tied to the slower rate
because voltage sources 105 and 108 regulate the voltage
differential of pins 16 and 20 within a predetermined voltage
level.

[0060] For example, assume that voltage sources 105 and
108 provide 50 mV and that SDA_OUT pin 16 has a faster
rise rate than SDA_IN pin 20. If SDA_OUT pin 16 rises to
a voltage 50 mV higher than SDA_IN pin 20, AMP1 will
turn ON and continuously regulate the voltage on
SDA_OUT pin 16 to a voltage 50 mV above that on
SDA_IN pin 20 as both voltages rise. The voltage regulation
forces the voltage on SDA_IN pin 16 to rise at near the same
rise rate as SDA_pin 20. Likewise, if SDA_IN pin 20 has a
faster voltage rise rate than SDA_OUT pin 16, AMP2 will
begin to regulate SDA_IN pin 20 when the voltage differ-
ential exceeds 50 mV. Once active, AMP2 will regulate the
voltage on SDA_IN pin 20 to a voltage 50 mV above that of
SDA_OUT pin 16 as they both voltages rise.

[0061] The voltages on both SDA_IN pin 20 and
SDA_OUT pin 16 should rise as a substantially uniform
edge when the external devices (e.g., either external devices
NE1 or NE2) are deactivated. Since the capacitances and
resistances associated with the backplane and the I/O card
can be significantly different, and since the amplifiers cannot
respond instantaneously to voltage changes on SDA_IN 20
and SDA_OUT 16, the voltages on SDA_IN 20 and
SDA_OUT 16 may not rise uniformly as a function of time.
For this reason amplifiers AMP1 and AMP2 should only be
active during the falling edges on the SDA_IN and
SDA_OUT busses, or when these two busses are at LOW
voltages.

[0062] Otherwise, if amplifiers AMP1 and AMP2 are
active during a rising edge, the pin. (e.g., either SDA_IN or
SDA_OUT) whose voltage is rising more slowly may erro-
neously turn ON one of the amplifiers. By activating this
amplifier, the slow rising pin may drive the fast rising pin
down to the pre-determined voltage (e.g., 50 mv) higher than
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its own (because the amplifier turns on the transistor which
couples the pin to ground). When this occurs, the voltage on
the faster rising pin may switch from rising to falling and
back to rising again. This adverse effect is illustrated in the
graph of SDA_IN waveform shown in FIG. 4.

[0063] FIG. 4 shows an SDA_IN waveform that under-
goes an erroneous rising-to-falling transition because it is
rising faster than the SDA_OUT waveform. Therefore,
amplifier AMP2 may temporarily activate transistor 109 to
drive the SDA_IN voltage within the pre-determined voltage
above that of SDA_OUT. Then, once SDA_IN is within the
predetermined voltage of SDA_OUT, SDA_IN may transi-
tion back to rising, as is illustrated. Voltage transitions
during rise time are undesirable because they may cause
glitches in data transfer or other undesired effects.

[0064] FIG. 5 shows one example of digital control cir-
cuitry 120 that may be implemented to resolve the above
problem illustrated by FIG. 4. Digital control circuitry 120
may be implemented to disable amplifiers AMP1 and AMP2
during rise time on SDA_IN pin 20 and SDA_OUT pin 16
to prevent undesired voltage transitioning. Such a configu-
ration can be implemented using buffer circuitry 100, ref-
erence voltage sources 122 and 124, comparators C1, C2,
C3, and C4, NAND gates 126 and 128, inverters 130, 132,
and 134, latches 140 and 142, and capacitor 144. In addition,
transistors 146 and 148 may be added to buffer circuitry 100
to provide digital control circuitry 120 with the ability to
shut down amplifiers AMPI and AMP2 during rise time. The
various components of control circuitry 120 may be orga-
nized as follows.

[0065] SDA_IN pin 20 may be coupled to comparators C1
and C3, but preferably to the non-inverting inputs of each
comparator. SDA_OUT pin 16 may be coupled to compara-
tors C2 and C4, but preferably to the non-inverting inputs of
those comparators. Reference voltage source 122 may be
coupled to comparators C1 and C2, but preferably to the
inverting inputs of those comparators. Reference voltage
source 124 may be coupled to comparators C3 and C4, but
preferably to the inverting inputs of those comparators. The
outputs of comparators C1, C2, C3, and C4 may be HIGH
when the non-inverting input is higher than the inverting
input. Conversely, the comparator outputs may be LOW
when the voltage on the non-inverting input is lower than the
voltage on the inverting input.

[0066] The outputs of comparators C1 and C2 may be
coupled to NAND gate 126, while the outputs of compara-
tors C3 and C4 may be coupled to NAND gate 128. The
output of NAND gate 126, signal DCCP, can be coupled to
inverter 130 and latch 140. While DCCP is shown coupled
to the R input of the SET dominant latch 140, persons skilled
in the art will appreciate that other latch configurations may
be used without departing from the spirit of the problem.
Inverter 130 may have an output, signal OPEN, coupled to
latch 142. The output of NAND gate 128, signal S1, may be
coupled to latch 140. S1 may be coupled to the SDBAR pin
of latch 140, but as described above, other latch configura-
tions may be implemented as well. Both latches 140 and 142
are shown as SET dominant latches which operate as fol-
lows. Whenever the voltage on the SDBAR input is LOW,
the voltage on the QB output is LOW, regardless of the
voltage on the R input. When the voltage on SDBAR goes
HIGH, the voltage on QB remains LOW if the voltage on the
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R input is LOW. Once the R input goes HIGH, QB goes
HIGH and remains HIGH until SDBAR goes LOW again.

[0067] Latch 140 may have an output, signal QB, coupled
to inverter 132. Inverter 132 may have an output coupled to
inverter 134, with capacitor 144 being coupled between
inverters 132 and 134. The combination of inverters 132 and
134, and capacitor 144 provide a delay between QB going
HIGH and S2 going HIGH. This delay may be necessary to
prevent a substantially instantaneous application of QB to
the input of latch 142. The output of inverter 134, signal S2,
may be preferably coupled to the SDBAR input of SET
dominant latch 142. Latch 142 may have an output, RISE,
coupled to both transistors 146 and 148. The operation of
control circuitry 120 over one complete switching cycle is
discussed next.

[0068] This example assumes, initially, that the voltages
on SDA_IN pin 20 and SDA_OUT pin 16 are HIGH. When
the voltages on SDA_IN and SDA_OUT are both HIGH
(e.g., VCC), the outputs of all four comparators are HIGH.
Since each of the comparator outputs are HIGH, the output
of NAND gates 126 and 128 are LOW. Therefore, nodes
DCCP and S1 are both LOW, and node OPEN is HIGH.
With S1 LOW, signals QB of latch 140 and S2 are also
LOW. A LOW S2 may cause signal RISE (i.e., the QB
output of latch 142) to be LOW, which results in turning
transistors 146 and 148 OFF.

[0069] When device NE1 turns ON, the voltage on
SDA_IN pin 20 may begin to decline. Once it falls below
reference voltage 124 (e.g., about VCC-0.6V), the output of
comparator C3 may go LOW, which forces S1 HIGH.
However, since DCCP is still LOW, QB of latch 140, S2, and
RISE stay LOW. Since RISE is LOW, AMP1 and AMP2 are
not disabled, and thus may drive transistors 106 and 109,
respectively. When the voltage on SDA_IN pin 20 starts
falling, AMP1 turns ON and pulls the SDA_OUT pin 16
voltage down.

[0070] When device NE1 pulls down on SDA_IN pin 20,
the voltage may eventually fall below reference voltage 122
(e.g., about 0.6V). When the voltage on SDA_IN pin 20
drops below this threshold voltage, the output of comparator
C1 may go LOW. This may force DCCP HIGH and OPEN
LOW. When DCCP is HIGH and S1 is still HIGH, QB of
latch 140 goes HIGH. Thus S2 is also HIGH and is applied
to latch 142. The OPEN signal, which is LOW, is also
applied to latch 142. Hence, latch 142 is “primed” for OPEN
to go HIGH again, which will cause RISE to go HIGH. As
the voltage on SDA_IN pin 20 falls, the voltage on
SDA_OUT pin 16 may also fall below reference voltage
122. When SDA_OUT pin 16 falls below reference voltage
122, comparator C2 may provide a LOW output voltage to
NAND gate 126. The LOW output voltage provided by
comparator C2, however, may not change the state of any of
the signals provided in control circuitry 120.

[0071] When the voltage falls on SDA_IN or SDA_OUT
(or the SCL pins as is appropriate), the RISE signal (i.e.,
signal that enables or disables transistors 146 and 148)
should remain LOW. In order to satisty this requirement, the
R input to latch 142 (i.e., signal OPEN) should go LOW
before the SD input (i.e., signal S2) goes HIGH. If this
condition is not met, then transistors 146 and 148 may be
prematurely enabled. However, the delay provided by
inverters 132 and 134 and capacitor 144 helps to prevent this
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from occurring. In particular, the delay ensures that OPEN
is applied to latch 142 before S2 is applied to latch 142. As
a result, the RISE signal is HIGH only when voltages are
rising on SDA_IN pin 20 and SDA_OUT pin 16.

[0072] When device NE1 turns OFF, VCC starts to pull
SDA_IN pin 20 HIGH via RBACK, and AMP1, in conjunc-
tion with RCARD, drives the voltage on SDA_OUT pin 16
higher as the voltage on SDA_IN pin 20 rises. When the
voltages on SDA_IN pin 20 and SDA_OUT pin 16 both rise
above reference voltage 122 (e.g., 0.6V), the outputs of both
comparators C1 and C2 go HIGH. The high voltage outputs
provided by comparators C1 and C2 may cause DCCP to go
LOW and OPEN to go HIGH. With DCCP LOW and S1
HIGH, QB and S2 remain HIGH. Since S2 remains HIGH,
RISE goes HIGH when OPEN goes HIGH. When RISE is
HIGH, transistors 146 and 148 are activated. Once transis-
tors 146 and 148 conduct to set the output of AMP2 and
AMP1 to ground, thereby disabling transistors 109 and 106,
respectively. Once transistors 106 and 109 are disabled,
VCC may pull up SDA_IN pin 20 and SDA_OUT pin 16 via
RBACK and RCARD, respectively. Optional boost current
circuitry 70 (shown in FIG. 1 and discussed below) can also
be activated to help pullup both SDA_IN pin 20 and
SDA_OUT pin 16.

[0073] Once the voltages on SDA_IN pin 20 and
SDA_OUT pin 16 both rise above reference voltage 124
(e.g., VCC-0.6V), the outputs of comparators C3 and C4
both go HIGH. This may force S1 LOW. With S1 LOW, QB
of latch 140, S2, and RISE may all go LOW, thus turning
OFF transistors 146 and 148. When transistors 146 and 148
are OFF, transistors 106 and 109 are enabled in that ampli-
fiers AMP1 and AMP2 are able to turn them ON and OFF.
Once amplifiers AMP1 and AMP2 are provided with the
ability to drive their respective transistors (i.e., their outputs
are not grounded), digital control circuitry 120 is reinitial-
ized for another switching cycle.

[0074] FIG. 6 illustrates a complete switching cycle of the
voltage on SDA_IN pin 20 and SDA_OUT pin 16 when
operating in conjunction with digital control circuitry 120.
FIG. 6 also shows a waveform, X, of the gate voltage
applied to transistors 146 and 148. When X is HIGH, AMP1
and AMP2 are deactivated. FIG. 7 illustrates rising edge
waveforms of SDA_IN pin 20 and SDA_OUT pin 16. As
shown, both rising edge waveforms exhibit a substantially
continuous rising edge that is free from the undesired
transitions shown in FIG. 4.

[0075] When the I/O card is connected to the backplane,
signals may then be transferred therebetween. Since it is
desirable to transfer signals quickly from one device to
another, the present invention may speed up signal transfer
by assisting the rise time transitions from OFF to ON.
Current boost circuitry 70a-d, as shown in FIG. 1, may
decrease the rise time transition of voltages on SDA_OUT
pin 16, SDA_IN pin 20, SCL_IN pin 18, and SCI._OUT pin
22.

[0076] Current boost circuitry 70a-d may include, for
example, a current source and a slew-rate detector. Current
boost circuitry 70a-d may monitor the voltage on the pins
(with the slew-rate detector) to determine when a LOW-to-
HIGH transition takes place. When a LOW-to-HIGH tran-
sition is monitored on one of the pins, current boost circuitry
70a-d may close a switch to provide additional current to
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that pin. This additional current may cause the voltage on
that pin to rise quicker than if that pin relies solely on VCC
and its ability to pull-up the pin with respect its RC time
constant. Boost circuitry 70 drives the voltage up much
faster because it has a much faster rise rate and a stronger
current pull-up than that provided by VCC and its associated
RC time constant. Current boost circuitry 70 may close its
switch for a predetermined period of time, but preferably,
when the voltage on the voltage on the pin ramps up (e.g.,
from 25% to 75% of VCC). This may minimize additional
power consumption drawn by the current source.

[0077] FIG. 7 illustrates LOW-to-HIGH waveforms for
SDA_OUT and SDA_IN. Moreover, the waveforms show a
substantially rapidly increase for a portion of the waveform
(e.g., between about 0.6 volts and about 2.0 volts). During
this substantially rapid increase, current boost circuitry
70a-d may be providing current to decrease the voltage rise
time.

[0078] In addition, current boost circuitry 70a-d may
provide the user with the ability to utilize weaker DC pullup
currents on the SDA and SCL busses. Using weaker DC
pullup currents may reduce power consumption while still
meeting system LOW-to-HIGH transition time require-
ments.

[0079] In a further embodiment of the present invention,
READY/ACC pin 26 may be configured to enable the ACC
portion of the pin instead of the READY portion. Further to
this embodiment, when ACC pin 26 is enabled, it may not
be coupled to the drain of transistor 95. ACC may be coupled
to current boost circuitry 70a-d and also be responsive to
user inputs. For example, a user may be able to disable
current boost circuitry 70a-d by applying a low voltage to
ACC pin 26.

[0080] Referring back to FIG. 1, one advantage of the
present invention provides interconnection circuitry 10 with
the ability to join at least two busses together while main-
taining electrical isolation. Buffer circuitry 84 may, for
example, electrically isolate the capacitance CBACK of the
backplane from the capacitance CCARD of the I/O card.
Since the respective capacitances are isolated, devices on
either the backplane or the /O card may not have to
overcome the combined capacitance of CBACK and
CCARD to drive a signal from one device to another.
Instead, devices on the backplane may only have to over-
come CBACK plus the capacitance of the SDA_IN pin 20
when driving a signal to the I/O card. Likewise, devices on
the I/O card may only have to overcome CCARD plus the
capacitance of SDA_OUT pin 16, when driving a signal to
the backplane. Otherwise, if the I/O cards are plugged into
the backplane without the present invention, the capacitance
of each card and the backplane would be added together. In
such a case, the devices connected to the bus may have to
drive the total capacitance of CCARD and CBACK, thus
slowing down HIGH-to-LOW and LOW-to-HIGH signal
transitions.

[0081] One application which could take advantage of
buffer circuitry 84 of the present invention is a large server
system. Typically, large server systems utilize numerous 1/0
cards (often, each having a large capacitance) that are
connected into a backplane. Such a system is illustrated in
FIG. 2. The present invention may facilitate rapid transfer of
signals between the /O card and backplane because the
respective capacitances are isolated from each other.
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[0082] In another embodiment of the present invention,
ENABLE/VCC2 pin 24 may be configured to use the VCC2
portion of the pin for a second supply voltage. In this
embodiment, the VCC2 function is active and the ENABLE
function is inactive. When VCC2 is configured for use, it
may not be coupled to UVLO/ENABLE circuitry 50.
Instead, VCC2 may provide a voltage source to pull up
SDA_OUT pin 16 and SCL_OUT pin 18, while SDA_IN
pin 20 and SCL_IN pin 22 are pulled up to the first supply
voltage VCC. This may provide the user with the ability to
supply different pins with voltages from separate voltage
sources (e.g., VCC and VCC2). In addition, VCC2 can
provide bias current to boost circuitry 70a-b of FIG. 1.

[0083] Another embodiment of buffer circuitry of the
present invention is shown in FIG. 8. In this instance, buffer
circuitry 150 may be provided instead of buffer circuitry 100
in place of buffer circuitry 84 and 85 of FIG. 1. Initially,
when the [/O card housing buffer circuitry 150 is connected
to the backplane, switches 80a-d are OPEN. When switches
80a-d are OPEN, buffer circuitry 150 may be decoupled
from SDA_IN pin 20, SDA_OUT pin 16, SCL_OUT pin 18,
and SCL_IN pin 22. As discussed previously with respect to
FIG. 1, switches 80a-d may close and physically connect
the backplane and 1/O card busses to buffer circuitry 150.
Therefore, buffer circuitry 150 provides for connecting and
removing the I/O card data and clock busses to the back-
plane without having to power down the backplane. Thus,
hot swapping may be possible because the data and clock
pins are not coupled to their busses until a STOP Bit or Bus
IDLE condition is detected.

[0084] Buffer circuitry 150 may include cross-coupled
PNP bipolar transistors 151 and 152. SDA_IN may be
coupled to the base of transistor 151 and to the emitter of
transistor 152. The collectors of both transistors 151 and 152
are coupled to ground. SDA_OUT may be coupled to the
emitter of transistor 151 and to the base of transistor 152.
This particular arrangement may also provide capacitive
isolation between SDA_IN and SDA_OUT.

[0085] This isolation may buffer the capacitance of
SDA_IN from the capacitance of SDA_OUT and vice versa.
The capacitive isolation may result in faster signal transition
times. For example, devices on the backplane may only have
to overcome backplane capacitances such as CBACK plus
the capacitance of SDA_IN to transmit a signal to the I/O
card. Devices on the I/O card, on the other hand, may only
have to overcome 1/O card capacitances to drive a signal to
the backplane. Buffer circuitry 150 may, therefore, provide
circuitry that speeds up signal transition on the busses.

[0086] Data transfer between the backplane and the I/O
card may occur as follows. Assume initially that external
devices NE1 and NE2 and transistors 151 and 152 are OFF.
When external devices NE1 and NE2 are OFF, SDA_IN is
pulled up to VCC through pull-up resistor RBACK, and
SDA_OUT is pulled up to VCC through pull-up resistor
RCARD. Transistor 151 may be OFF because its emitter-
base voltage is less than its turn ON voltage (e.g., 0.6 volts).
When device NE1 turns ON, SDA_IN may be pulled down
to about zero volts. As the voltage on SDA_IN is pulled
down towards zero, it may reach a voltage level (e.g.,
VCC-0.6 volts) that results in turning transistor 151 ON.
Thus, transistor 151 may turn ON when its emitter-base
voltage increases above its turn-ON voltage.
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[0087] Once ON, transistor 151 may begin to pull the
voltage on SDA_OUT down. As transistor 151 pulls down
the voltage on SDA_OUT, it may regulate the voltage on
SDA_OUT such that it is maintained at a turn-ON voltage
drop (e.g., 0.6 volts) higher than SDA_IN voltage. When
SDA_IN voltage reaches ground, the voltage at SDA_OUT
may be at the turn ON voltage of transistor 151 (e.g., 0.6
volts).

[0088] When external device NE1 turns OFF, SDA_IN
may be pulled back up to VCC via resistor RBACK.
Transistor 151 may cause the voltage at SDA_OUT to
remain about 0.6 volts above the voltage at SDA_IN at least
until the SDA_OUT voltage reaches VCC. Once SDA_OUT
reaches VCC, transistor 151 turns OFF. SDA_IN may con-
tinue to increase to VCC.

[0089] Likewise when data is transferred from the I/O card
to the backplane, external device NE2 may cause transistor
152 to conduct. Transistor 152 may cause the voltage on
SDA_IN pin 20 to decrease from VCC on HIGH to LOW
transitions. Transistor 152 may also cause SDA_IN pin 20 to
increase back to VCC on LOW to HIGH transitions at about
0.6 volts above SDA_OUT, at least until SDA_IN reaches
VCC.

[0090] Buffer circuitry 150 provides electrical isolation
and speedy transition times, but may not be able to drive
both busses down to about zero. Instead, buffer circuitry 150
may drive one bus to about zero and another bus to about the
turn-ON voltage of that driving transistor (e.g., 0.6 volts).
For example, if the /O card is driving the backplane,
transistor 152 may not be able to drive SDA_IN below its
turn-ON voltage, which is typically 0.6 volts. This voltage
may be too high for some circuitry to interpret correctly as
a logic LOW. SMBus and I°C specifications, for example,
generally require a voltage of 0.4 volts or less for a logic
LOW. The following describes circuitry that provides elec-
trical isolation, speedy transitions, and can drive both buses
to about zero volts.

[0091] FIG. 9 illustrates another example of buffer cir-
cuitry constructed in accordance with the present invention.
Buffer circuitry 160 may be provided as the buffer circuitry
instead of circuit 100, in place of buffer circuitry 84 and 85
shown in FIG. 1. Buffer circuitry 160 may be similarly
coupled and decoupled to SDA_IN pin 20, SDA_OUT pin
16, SCL._OUT pin 18, and SCL_IN pin 22 as described in
conjunction with FIGS. 1, 3 and 8. Accordingly, buffer
circuitry 160 may operate in hot swap conditions, provide
electrical isolation, and provide high speed transitions.

[0092] Buffer circuitry 160 may include NMOS transistors
161 and 165, PMOS transistors 162 and 166, and constant
current sources 168 and 169. SDA_IN may be coupled to the
gate of NMOS transistor 161 and the source of PMOS
transistor 166. The drains of NMOS transistors 161 and 165
may be coupled to VCC. The sources of NMOS transistors
161 and 165 may be coupled to constant current sources 168
and 169, respectively. The sources of NMOS transistors 161
and 165 may also be coupled to the gates of PMOS tran-
sistors 162 and 166, respectively. Current sources 168 and
169 may also be coupled to VEE. Preferably, current sources
168 and 169 provide a constant current flowing to the
negative voltage source VEE (e.g., about -1 volt). Finally,
SDA_OUT may be coupled to the source of PMOS transis-
tor 162 and to the gate of NMOS ftransistor 165.
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[0093] As shown in FIG. 9, transistors 161 and 162 are
paired together and transistors 165 and 166 are also paired
together. The first pair (e.g., transistors 161 and 162) may be
cross-coupled with the second pair (e.g., transistors 165 and
166). This cross-coupling may provide electrical isolation
between the backplane and the I/O card.

[0094] Before data transfer between the backplane and the
1/O card is discussed, the operating relationship of transis-
tors 161, 162, 165, and 166, and current sources 168 and 169
is described. Current sources 168 and 169 may provide
assistance in turning transistors 162 and 166 ON and OFF.
For example, when VCC pulls SDA_IN up, the current
through transistor 161 may increase accordingly. As the
current increases, it may become greater than the current
provided by current source 168. Once this occurs, the
voltage at the source of transistor 161 may be pulled HIGH.
A HIGH source voltage on transistor 161 may cause tran-
sistor 162 to be turned OFF. On the other hand, when the
voltage on SDA_IN decreases, the current passing through
transistor 161 also decreases. When the current passing
through transistor 161 decreases below that provided by
current source 168, the voltage on the source may be pulled
LOW. A LOW source voltage may cause transistor 162 to
turn ON. Hence, the level of the current passing through
transistor 161 may provide a HIGH or LOW source voltage
depending upon its relation to the current provided by
constant current source 168.

[0095] This relationship among current sources 168 and
169 and transistors 161, 162, 165, 166 may provide buffer
circuitry 160 with the ability to fully drive both busses to
about zero volts. Buffer circuitry 160 may be able to drive
both busses to about zero volts because the threshold volt-
ages (e.g., 0.7 volts) of the transistors cancel each other out.
In particular, when signals are driven from the backplane to
the 1/O card, the threshold voltages of transistors 161 and
162 may cancel each other out. Similarly, the threshold
voltages of transistors 165 and 166 may also cancel each
other out.

[0096] Data transfer in buffer circuitry 160 may occur as
follows. Assume initially that external devices NE1 and NE2
are OFF. This may cause the voltage on SDA_IN and
SDA_OUT to be pulled HIGH by VCC. HIGH voltages on
SDA_IN and SDA_OUT may cause transistors 161 and 165
to be turned ON. If transistors 161 and 165 are ON, then
transistors 162 and 166 are turned OFF.

[0097] Further assume that the backplane is going to drive
a signal to I/O card. When external device NE1 turns ON,
the voltage at SDA_IN and the gate of transistor 161 may be
pulled to ground. As the SDA_IN voltage is pulled down to
ground, the source voltage of transistor 161 may remain at
about one threshold voltage drop below the SDA_IN volt-
age. Since the source voltage of transistor 161 is falling in
conjunction with SDA_IN; the voltage applied to the gate of
transistor 162 is also pulled down. As the voltage applied to
the gate of transistor 162 decreases, transistor 162 conducts
more current and pulls the SDA_OUT voltage down.
SDA_OUT may remain at about a threshold voltage drop
above the gate of transistor 162 as SDA_OUT is pulled to
ground. When the SDA_IN voltage reaches ground, the
SDA_OUT voltage may also be at ground because the
threshold voltages of transistors 161 and 162 cancel each
other.
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[0098] When external device NE1 turns OFF and external
device NE2 is still OFF, the voltage on SDA_IN may be
pulled to VCC through resistor RBACK. The source voltage
of transistor 161 may remain at a threshold voltage below its
gate, and the source of transistor 162 remains at a threshold
voltage above its gate as the SDA_IN voltage is pulled to
VCC. When the SDA_IN voltage reaches VCC, the
SDA_OUT voltage may also be at VCC. Thus, the voltage
at SDA_OUT advantageously swings all the way from VCC
to ground and back to VCC again. In the same manner,
current source 169 and transistors 165 and 166 operate as
their above-described counterparts when data is transferred
from the card bus to the backplane bus.

[0099] Another example of buffer circuitry constructed in
accordance with the present invention is shown in FIG. 10.
Buffer circuitry 180 may be used in place of buffer circuitry
84 shown and used in conjunction with FIG. 1. Buffer
circuitry 180 may include inverter 182 and transistor 184.
Inverter 182 may be coupled to receive signal CONNECT
BAR (of FIG. 1) and to transistor 184.

[0100] Buffer circuitry 180 may operate in conjunction
with the CONNECT BAR signal, which is set HIGH or
LOW by STOP/IDLE circuitry 30 of FIG. 1. When CON-
NECT BAR goes LOW, the output of inverter 132 goes
HIGH and turns ON transistor 184. Once transistor 184 is
turned ON, SDA IN pin 20 may be coupled to SDA_OUT
pin 16. Therefore, buffer circuitry 180 may provide the
ability to connect and remove the I/O card data and clock
busses to the backplane without having to power down the
backplane. This may be because the data and clock busses
are not coupled until a STOP Bit or Bus IDLE condition is
detected (as indicated by the CONNECT BAR signal going
LOW). However, buffer circuitry 180 may not provide
electrical isolation for SDA_OUT and SDA_IN (or between
SCL_OUT and SCL_IN).

[0101] FIG. 11 shows a block diagram that illustrates
addressing circuitry operating in conjunction with intercon-
nection circuitry for “hot-swapping” data and clock busses
in accordance with the principles of the present invention.
FIG. 11 shows interconnection circuitry 400, which embod-
ies many of the features of interconnection circuitry 10 of
FIG. 1. Therefore, any features of FIG. 1 that are shown in
FIG. 11 may incorporate and embody the operating char-
acteristics of such features for the following description. In
addition, FIG. 11 also includes address circuitry 97, which
is coupled to receive SDA_IN, SCL_IN, a plurality of
address pins, and the output of UVLO/ENABLE circuitry
50. Some of the address pins may be connected to either
VCC or GROUND, or may be internally hard-wired within
address circuitry 97 to set the digital address for intercon-
nection circuitry 400. For example, if there are seven pins
total, three may be wired internally and the other four pins
may be connected external to address circuitry 97. Address
circuitry 97 has an output, labeled as CONNECT BAR,
which is coupled to transistor 95. The input of inverter 96 is
coupled to the output of address circuitry 97, and provides
the output signal CONNECT. As described above in FIG. 1,
the states (e.g., logic HIGH or LOW) of CONNECT BAR
and CONNECT determine whether switches 80a-d and
switches 82a-d are OPEN or CLOSED.

[0102] In this embodiment, interconnection circuitry 400
is not independently capable of determining when to close
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switches 80a-d. Instead, interconnection circuitry 400 is
dependent on a signal provided by a system backplane to
determine when it is suitable to couple the backplane bus to
the I/O card busses with interconnection circuitry 400. The
system backplane may indicate that it is suitable to inter-
connect the bus by addressing the interconnection circuitry
via the backplane data bus. (Interconnection circuitry 400 is
addressed when the serial data signal transmitted over the
backplane data bus matches the digital address assigned to
interconnection circuitry 400. Typically, the data signals are
transmitted in conjunction with clock signals provided by
the backplane clock bus. Address circuitry 97 may use
decoder circuitry to perform such a task in addition to
reading other data provided by the backplane data bus.)
When the backplane addresses interconnection circuitry
400, an additional signal may be sent to force the output of
address circuitry 97 to go LOW. This LOW signal causes
switches 82a-d to OPEN and causes switches 80a-d to
CLOSE. However, before this LOW signal is applied,
address circuitry 97 may wait for a STOP bit before causing
switches 80a-d to CLOSE.

[0103] 1t should be noted that prior to receiving the
command to couple the backplane and /O card busses,
CONNECT BAR is HIGH. That is, switches 82a-d are
CLOSED and switches 80a-d are OPEN. Moreover, if
UVLO/ENABLE circuitry 50 detects that the interconnec-
tion circuitry supply voltage is below a predetermined value,
it may force address circuitry to provide a HIGH output
signal and ignore the backplane data and clock signals.

[0104] Once interconnection circuitry 400 is addressed,
and a signal is transmitted to CLOSE switches 80a-d, the [/O
card busses are interconnected to the backplane bus by
buffer circuitry 84 and 85. Furthermore, once interconnec-
tion circuitry 400 is addressed and commanded to intercon-
nect, CONNECT BAR remains LOW until either (1) the
interconnection circuitry supply voltage drops below a pre-
determined level and causes the circuit to enter UVLO or (2)
interconnection circuitry 400 is addressed again and
instructed to disconnect the backplane form the card.

[0105] While the present embodiment is described having
the backplane address interconnection circuitry 400, persons
skilled in the art will appreciate that the present embodiment
can be constructed such that the I/O card can address
interconnection circuitry 400, and thus cause the backplane
and I/O card busses to connect or disconnect.

[0106] Thus it is seen that the various embodiments of the
present invention provide different combinations of hot-
swap capability of data and clock busses, and buffer circuitry
that may provide capacitive isolation between the backplane
and 1/O card. Persons skilled in the art will appreciate that
the present invention can be practiced by other than the
described embodiments, which are presented for purposes of
illustration rather than of limitation, and the present inven-
tion is limited only by the claims which follow.

1-47. (canceled)

48. A method for interconnecting a live backplane having
a data bus and a clock bus to at least a first /O card having
a data bus and a clock bus, said method comprising:
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assigning a digital interconnection address to intercon-
nection circuitry associated with said first [/O card; and

addressing the digital interconnection address assigned to
said interconnection circuitry when it is suitable to
couple said backplane and said first /O card data
busses together and to couple said backplane and first
1/O card clock busses together.

49. The method of claim 48 further comprising:

instructing said backplane and first /O card data busses to
couple together and said backplane and first I/O card
clock busses to couple together after said interconnec-
tion circuitry has been addressed.

50. The method of claim 49 further comprising:

prior to said instructing, charging said backplane and said
first I/O card data and clock busses to a predetermined
voltage level; and

ceasing said charging when said backplane and first I/O
card data and clock busses are coupled together.
51. The method of claim 48, wherein said addressing
comprises:

sending data signals over said backplane data bus in

conjunction with clock signals provided by said back-

plane clock bus to address said interconnection cir-
cuitry.

52. The method of claim 49, wherein said instructing
comprises:

sending data signals over said backplane data bus in
conjunction with clock signals provided by said back-
plane clock bus to instruct said interconnection cir-
cuitry.

53-59. (canceled)

60. The method of claim 48 further comprising:

determining a suitable condition to couple said backplane
and said first I/O card data busses together and to
couple said backplane and first I/O card clock busses
together.
61. The method of claim 60 wherein said determining said
suitable condition comprises:

monitoring the backplane and said first I/O card data and
clock busses to determine a condition.
62. The method of claim 61 wherein said condition is
reaching a predetermined voltage level.
63. The method of claim 48 further comprising:

performing a connection sequence to couple said back-
plane and said first I/O card data busses together and to
couple said backplane and first I/O card clock busses
together when said interconnection circuitry is
addressed.

64. The method of claim 48 further comprising:

coupling said backplane and said first I/O card data and
clock busses together when it is suitable.

#* #* #* #* #*



