03/012655 A2

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

13 February 2003 (13.02.2003) PCT WO 03/012655 A2
(51) International Patent Classification’: GO6F 13/00 (81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
(21) International Application Number: PCT/US02/23949 CZ, DE, DK, DM, DZ, EC, EE, ES, F, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
. . LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
(22) International Filing Date: 26 July 2002 (26.07.2002) MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, T], TM, TN, TR, TT, TZ, UA, UG, UZ, VN,
(25) Filing Language: English YU, ZA, ZM, ZW.
(26) Publication Language: English (84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
(30) Priority Data: Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
09/923,248 2 August 2001 (02.08.2001)  US European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
TR), OAPI patent (BF, BJ, CE, CG, CI, CM, GA, GN, GQ,
(71) Applicant: SUN MICROSYSTEMS, INC. [US/US]; GW, ML, MR, NE, SN, TD, TG).
4150 Network Circle, Santa Clara, CA 95054 (US).
Published:

(72) Inventors: DURHAM, Christopher; 2600 Brunston
Court, Round Rock, TX 78681 (US). PATEL, Parsotam,;
9912 Spicewood Mesa, Austin, TX 78759 (US).

(74) Agent: PARK, Richard; 508 Second St., Ste. 201, Davis,
CA 95616 (US).

without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Titlee METHOD AND APPARATUS FOR TRANSMITTING DATA

T Data-Transmitter
530

Data-Delay
D0 H L DO
Circuit 520a 7
Data-Delay
b1 5100~ Circuit D1
Data-Delay
p2 e D2
Circuit 520b T
Data-Delay
D3 510b J Circuit —D3
Data-Delay
D4 s D4
Circuit 520 7
Data-Delay
D5 5100 = Circut [ D%
Data-Delay
D6 — S D6
Circuit 520d 7
Data-Delay
b7 5100 = cireutt | 1%7
| | Clock-Delay
Clock Circuit Clock

Data-Receivet -
540

(57) Abstract: A method of broadcasting N, an even integer, bits of data onto a bus that includes a first plurality of electrical conduc-
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METHOD AND APPARATUS FOR TRANSMITTING DATA

5 Inventors: Christopher M. Durham and Parsotam T. Patel

L. FIELD OF THE INVENTION
The present invention generally relates to methods of transferring data
10  between a data-transmitter and a data-receiver. More specifically, the invention relates
to data-transmitters, data-receivers, and methods of broadcasting data onto a bus that
reduce effective capacitive coupling (and data errors resulting from such capacitive

coupling) between parallel interconnects during such data transfers.

15 2 BACKGROUND
In modern microprocessors, large numbers of interconnect wires, i.e.,
electrical conductors, connect various circuits. Many of these electrical conductors,
suéh as metal traces in integrated circuits, run parallel for significant distances, and
are therefore subject to noise from capacitive coupling. Such parallel metal traces
20  may be on a single metallization layer within an integrated circuit. Alternatively,
such parallel metal traces may be on different metallization layers within an integrated
circuit. Capacitive coupling between parallel electrical conductors can create
significant time delays. In addition, as discussed in United States Patent No.
6,189,133 to Durham e al., capacitive coupling of parallel electrical conductors may
25  result in false signal transitions in dynamic and self-timed circuits if the electrical
conductors exceed 300 to 500 pm in length.
Thus, it could be desirable to provide a method and apparatus for avoiding

capacitive coupling of parallel electrical conductors.
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3. SUMMARY OF INVENTION

One embodiment of the invention is a data-transmitter for transmitting data.
The data-transmitter includes a data-driving circuit. The data-driving circuit can
output a first plurality of data values via a first plurality of data-output ports and can
output a second plurality of data values via a second plurality of data-output ports.
The data-transmitter also includes a plurality of data-delay circuits. Each of the inputs
of the plurality of data-delay circuits is coupled to one of the second plurality of data-
output ports. The data-transmitter also includes a plurality of electrical conductors.
Each of the plurality of electrical conductors is coupled to one of the first plurality of
data-output ports.

Another embodiment of the invention is a data-transmitter for transmitting
data. The data-transmitter includes a data-driving circuit. The daté-driving circuit
can output a first plurality of daté values via a first plurality of data-output ports and
can output a second plurality of data values via a second plurality of data-output ports.
The data-transmitter also includes a clock-delay circuit. The input of the clock-delay
circuit is coupled to the first plurality of data-output ports and can strobe the first
plurality of data-output ports. The output of the clock-delay circuit is coupled to the
second plurality of data-output ports and can strobe the second plurality of data-output
ports.

Still another embodiment of the invention is a data-receiver for receiving data.
The data-receiver includes a plurality of data-delay circuits. The data-receiver also
includes a plurality of electrical conductors and a data-receiving circuit. The data-
receiving circuit includes a first plurality of data-input ports and a second plurality of

data-input ports. The first plurality of data-input ports can receive, sample, and store
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a first plurality of data values. The second plurality of data-input ports can receive,
sample, and store a second plurality of data values. Each of the outputs of the
plurality of data-delay circuits is coupled to one of the first plurality of data-input
ports of the data-receiving circuit. Each of the plurality of electrical conductors is
coupled to one of the second plurality of data-input ports of the data-receiving circuit.
Yet another embodiment of the invention is another data-receiver for receiving
data. This data-receiver includes a clock-delay circuit. The clock-delay circuit can
delay a clock signal and can output a delayed-clock signal. The data-receiver also
includes a first plurality of data-ports. The first plurality of data-ports can receive a
10 first portion of data. The first plurality of data-ports is coupled to the second plurality
of data-ports and can be strobed by the clock signal. The data-receiver also includes a
second plurality of data-ports. Thé second plurality of data-ports can receive a second
portion of data. The second plurality of data-ports can be strobed by the delayed-
clock signal.
15 Still another embodiment is a method of broadcasting N, an even integer, bits
of data onto a bus that includes a first plurality of electrical conductors and a second
plurality of electrical conductors. The method includes: broadcasting a first portion of
data that includes N/2 bits of data onto the first plurality of electrical conductors.
Then, after a time period has elapsed that is greater than 0 seconds and less than the
20  time period required to transfer 2 bits of data sequentially on one of the first plurality

of electrical conductors, broadcasting a second portion of data that includes N/2 bits

of data onto the second plurality of electrical conductors.

25
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4. BRIEF DESCRIPTION OF THE FIGURES

Figure 1 presents one embodiment of a data-transmitter

Figure 2 presents another embodiment of a data-transmitter

Figure 3 presents one embodiment of a data-receiver.

Figure 4 presents another embodiment of a data-receiver.

Figure 5 presents a system for transferring data from a data-transmitter to a
data-receiver.

Figure 6 presents a flow chart of a method of broadcasting data.

5. DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following description is presented to enable any person skilled in the art
to make and use the invention, and is provided in the context of a particular
application and its requirements. Various modifications to the disclosed embodiments
will be readily apparent to those skilled in the art, and the general principles defined
herein may be applied to other embodiments and applications without departing from
the spirit and scope of the present invention. Thus, the present invention is not
intended to be limited to the embodiments sho%, but is to be accorded the widest

scope consistent with the principles and features disclosed herein.

5.1  Embodiments of Data-Transmitters

One embodiment of the invention, which is shown in Figure 1, is a data-
transmitter 100. The data-transmitter 100 can broadcast a portion of data, such as the
odd data-bits of a byte of data, onto a bus and then broadcast another portion of data,

such as the even data-bits of a byte of data, onto the bus at a time that is slightly after
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the time that the first portion of data was broadcast. As a result, effective capacitive
coupling between adjacent bits in the bus is reduced.

As shown in Figuré 1, the data-transmitter 100 includes a data-driving circuit
105. The data-driving circuit 105 can output a first plurality of data values via a first
plurality of data-output ports 110. In addition, the data-driving circuit 105 can output
a second plurality of data values via a second plurality of data~output ports 115. For
example, in some embodiments of the invention, the data-driving circuit 105 could
output even-numbered data-bits of a data-byte via the first plurality of data-output
ports 110 and could output odd-numbered data-bits of the data-byte via the second
plurality of data-output ports 115. In other embodiments of the invention, the data-
driving circuit 105 could output odd-numbered data-bits via the first plurality of data-
output ports 110 and could output even-numbered data-bits via the second plurality of
data-output ports 115.

While Figure 1 shows a data-transmitter 100 that includes 8 data-output ports,
other data-transmitters could have any number of data-output ports, such as 2, 4, 16,
32, 64, or 128 data-output ports. Thus, if the data-transmitter is a register within a
microprocessor, the register could broadcast a portion of a byte, a byte, or multiple
bytes of data to a microprocessor bus via a number of data-output ports.

Referring again to Figure 1, the data-transmitter 100 also includes a plurality
of data-delay circuits 120. The inputs of the data-delay circuits are coupled to the
second plurality of data-output ports 115. In some embodiments of the invention,
such as in embodiments utilized in microprocessors, the data-delay circuits could
include two inverters placed in series. These two inverters could delay data by 75 ps
or more. Such a delay is approximately equal to % of the transition time (100 ps) of

data-bits in modern microprocessors.
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The data-transmitter 100 also includes a plurality of electrical conductors 1»25.
As shown in Figure 1, the electrical conductors 125 are coupled to the first plurality of
data-output ports 110. As is evident from Figure 1, in some embodiments of the
invention, a electrical conductor 125a, 125b, or 125c¢ is positioned between adjacent
data-delay circuits 120a-120b, 120b-120c, or 120c-120d.

In some embodiments of the invention, the data-transmitter 100 could also
include a clock-driving circuit 130. The clock-driving circuit could be operable to
output a clock signal via a clock-output port 135. In some embodiments, such as is
shown in Figure 1, the data-transmitter 100 could also include a clock-delay circuit
140. In such embodiments, the clock-delay circuit 140 could delay the clock by the
same amount that the data-delay circuits 120 delay data.

During operation, the data-transmitter 100 would typically be coupled to a bus
(not shown), which may include a plurality of relatively long parallel electrical
conductors, such as metal traces. When the data-transmitter 100 begins its sequence
of steps to broadcast data onto the bus, the data driving circuit 105 would first output
data via the first and second pluralities of data-output ports 110 and 115. In some
embodiments of the invention, such as shown in Figure 1, the data would be output to
the first and second plurality of data-output ports 110 and 115 at approximately the
same time. A first portion of the data would be immediately broadcast to the bus. On
the other hand, the data-delay circuits 120 would delay the broadcast of the second
portion of the data for a short period of time. Thus, if the delay of the second portion
of the data is sufficient, then each electrical conductor in the bus that is undergoing a
signal transition would be adjacent to one or more “quiet” electrical conductors in
which no signal transition is occurring. As a result, the effective capacitive coupling

between adjacent bits in the bus would be reduced.



WO 03/012655 PCT/US02/23949

10

15

20

25

5.2 Other Embodiments of Data-Transmitters

Another embodiment of the invention is a data-transmitter 200, which is
shown in Figure 2. This data-transmitter is also able to broadcast a portion of data
onto a bus and then broadcast another portion of data onto the bus at a time that is
slightly after the time that the first portion of data was broadcast.

As shown in Figure 2, the data-transmitter 200 includes a data-driving circuit
205. The data-driving circuit 205 can output a first plurality of data values via a first
plurality of data-output ports 210. In addition, the data-driving circuit 205 can output
a second plurality of data values via a second plurality of data-output ports 215.

While the data-transmitter 200 shown in Figure 2 contains 8 data-output ports,
in other embodiments of the invention, the number of data-output ports can vary. For
example, the number of data-output ports could be 2, 4, 16, 32, 64, 128 or more.
Thus, in some embodiments of the invention, the first plurality of data-output ports
210 would be operable to output a first portion of a byte of data and the second
plurality of data-output ports 215 would be operable to output a second portion of the
byte of data.

Referring again to Figure 2, a clock signal 245 is coupled to and operable to
strobe the first plurality of data-output ports 210. The clock signal 245 is also input
into a clock-delay circuit 240. The clock-delay circuit 240 can be similar to the clock-
delay circuit 140 discussed above. The output of the clock-delay circuit 240 is
coupled to and operable to strobe the second plurality of data-output ports 215. As a
result, the first plurality of data-output ports 210 can broadcast data slightly before the
second plurality of data-output ports 215 broadcasts data. If the difference between

the time that the first and second portions of data are broadcast is equal to or greater
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than % of the transition time of the data-bits on a bus (not shown), then the effective
capacitive coupling between adjacent data-bits on the bus can be éigniﬂcantly
reduced.

In some embodiments of the invention, such as shown in Figure 2, the data-
transmitter 200 may also include a clock driving circuit 230 that is operable to output

a clock via a clock-output port 235. In still other embodiments (not shown), the data-

transmitter 200 may also drive a delayed clock signal onto a bus (not shown).

5.3  Embodiments of Data-Receivers

Another embodiment of the invention, which is shown in Figure 3, is a data-
receiver 300. The data-receiver 300 can réceive a portion of data from a bus and then
can receive another portion of data from the bus at a time that is slightly after the time
that the first portion of data was received. Because the data-receiver 300 can receive
portions of data at different times, the data can be accurately received, sampled and
stored after the data has been broadcast onto the bus by a data-transmitter such as
discussed above and then transferred by the bus in a manner that reduces effective
capacitive coupling between adjacent bits in the bus.

As shown in Figure 3, the data-receiver 300 includes a plurality of data-delay
circuits 325. In addition, the data-receiver 300 includes a plurality of electrical
conductors 320. The data-receiver 300 also includes a data-receiving circuit 305.

The data-receiving circuit 305 includes a first plurality of data-input ports 310
and a second plurality of data-input ports 315. The first plurality of data-input ports
310 can receive, sample, and store a first plurality of data values. Similarly, the
second plurality of data-input ports 315 can receive, sample, and store a second

plurality of data values. For example, the first plurality of data-input ports 310, as
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shown in Figure 3, could receive, sample, and store the odd bits of a byte of data
while the second plurality of data-input ports 315 could receive, sample, and store the
even bits of the byte of data. In other embodiments of the invention, the first plurality
of data-input ports 310 could receive, sample, and store the even bits of the byte of
data and the second plurality of data-input ports 315 could receive, sample, and store
the odd bits of the byte of data.

Referring again to Figure 3, the outputs of each of the plurality of data-delay
circuits are coupled to one of the first plurality of data-inputs 310. Similarly, each of
the plurality of electrical conductors 320 is coupled to one of the second plurality of
data-input ports 315.

During operation, the data-receiver 300 could be coupled to a bus (not shown),
which may include a plurality of relatively long parallel electrical conductors. When
the data-receiver 300 begins its sequence of steps to receive data from the bus, the
data-delay circuits 325 would receive a first portion of data. After a predetermined
delay, the data-delay circuits 325 would output the first portion of data to the first
plurality of data-input ports 310 at approximately the same time that the second
plurality of data-input ports 315 would be receiving the second portion of data fr()Fm
the bus. As a result, the first plurality of data-input ports 310 would receive the first
portion of the data at approximately the same time that the second plurality of data-
input ports 315 would receive the second portion of the data. After the data-input
ports 315 and 310 receive the data, the data-input ports would sample and store the
data.

In some embodiments of the invention, the data-receiver 300 also includes a
clock-delay circuit 340. As shown in Figure 3, the output of the clock-delay circuit

340 could be coupled to a clock-receiving circuit 330. Usage of a clock-delay circuit
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340 in the data-receiver 300 could be useful to synchronize a clock signal, which has
not been delayed by a data-transmitter, with data that has been delayed by a data-

transmitter.

5.'4 Other Embodiments of Data-Receivers

Another embodiment of the invention, which is shown in Figure 4, is another
data-receiver 400 that can receive a first portion of data from a bus and then receive a
second portion of data from the bus at a time that is slightly after the time that the first
portion of data was received. Because the data-receiver 400 can receive portions of
data at different times, the data can be transferred on the bus in a manner that reduces
effective capacitive coupling between adjacent bits in the bus.

As shown in Figure 4, the data-receiver 400 includes a clock-delay circuit 440.
The clock-delay circuit 440 can delay a clock signal and can output a delayed-clock
signal.

Referring again to Figure 4, the data-receiver 400 includes a first plurality of
data ports 410. The first plurality of data-ports 410 can receive a first portion of data.
The first plurality of data-ports 410 is coupled to the input of the clock-delay circuit
440. Thus, the first plurality of data-ports 410 can be strobed by the clock signal.

The data-receiver 400 also includes a second plurality of data ports 415. The
second plurality of data-ports 415 can receive a second portion of data. The second
plurality of data-ports 415 is coupled to the output of the clock-delay circuit 440.
Thus, the second plurality of data-ports 415 can be strobed by the delayed-clock

signal.
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In some embodiments of the invention, the data-receiver may also include a
clock-receiving circuit 430. The clock receiving circuit 430 could be coupled to the
clock-delay circuit 440.

During operation, the data-receiver 400 would typically be coupled to a bus
(not shown). When the data-receiver 400 begins its sequence of steps to receive data
from the bus, the first plurality of data-input ports 410 would be strobed by the clock
signal. When the first plurality of data-input ports 410 is strobed by the clock signal,
the first plurality of data-input ports 410 would receive, sample, and store the first
portion of data.

Slightly after the time that the first plurality of data-input ports 410 is strobed
by the clock signal, the second plurality of data-input ports would be strobed by the
delayed-clock signal. Thus, the second plurality of data-input ports 415 would
receive, sample, and store the second portion of data.

In some embodiments of the invention, the clock signal would be received
from the bus via clock-receiving circuit 430. In other embodiments of the invention

(not shown), the clock signal would be received from another source.

5.5  Methods of Transferring Data

Figure 5 presents a high-level block diagram of a system that is operable to
broadcast N, an even integer, data-bits onto a bus that includes a first plurality of
electrical conductors 510 and a second plurality of electrical conductors 520.

Figure 6 presents one method of operating the system shown in Figure 5.
First, as shown in Block 601, the data-transmitter 530 broadcasts a first portion of
data that includes N/2 data-bits onto the first plurality of electrical conductors 510. In

some embodiments of the invention, the first portion of data may be the even data-
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bits. In other embodiments of the invention, the first portion of data may be the odd
data-bits.

Next, referring to Block 602, after a time period that is greater than 0 seconds
and less than the time period required to transfer 2 bits of data sequentially from the
data-transmitter 530 to the data-receiver 540 on any single electrical conductor on the
bus, the data-transmitter 530 broadcasts a second portion of data that includes N/2 bits
of data onto the second plurality of electrical conductors. In some embodiments of
the invention, the second portion of data may be the odd data-bits. In other
embodiments of the invention, the second portion of data rﬂay be the even data-bits.

If the above time period is equal to or greater than % of the bit transition time
of the data-bits on the bus, then the effective capacitive coupling between adjacent
data-bits in the bus can be significantly reduced. Such a method would be particularly
useful if the bus transfers an even data-bit on a electrical conductor that is adjacent,
for a length greater than 300 pm, to a electrical conductor that transfers an odd data-

bit.

5.6 Conclusion

The foregoing descriptions of embodiments of the present invention have been
presented for purposes of illustration and description only. They are not intended to
be exhaustive or to limit the present invention to the forms disclosed. Accordingly,
many modifications and variations will be apparent to practitioners skilled in the art.
The data-transmitters, data-receivers and methods described above can be utilized in
transferring data to and from electrical elements, such as registers in microprocessors,
and digital signal processors. In addition, they can be utilized to transfer data between

computer systems connected by cables. Additionally, the above disclosure is not
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intended to limit the present invention. The scope of the present invention is defined

by the appended claims.
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THE CLAIMS

It is claimed:

1.

10

A data-transmitter for transmitting data, the data-transmitter comprising:

a) a data-driving circuit, the data-driving circuit operable to output a first
plurality of data values via a first plurality of data-output ports and operable to
output a second plurality of data values via a second plurality of data-output ports;
b) a plurality of data-delay circuits, each of the inputs of the plurality of data-
delay circuits being coupled to one of the second plurality of data-output ports;
and

¢) aplurality of electrical conductors, each of the plurality of electrical

conductors being coupled to one of the first plurality of data-output ports.

2. The data transmitter of claim 1, wherein one of the plurality of electrical

conductors is positioned between a first data-delay circuit of the plurality of data-

15  delay circuits and a second data-delay circuit of the plurality of data-delay circuits.

20

. The data transmitter of claim 1, further comprising:

d) a clock-driving circuit, the clock-driving circuit operable to output a clock via
a clock-output port; and
e) aclock-delay circuit, the input of the clock-delay circuit being coupled to the

clock-output port.

4. The data-transmitter of claim 1, wherein at least one of the plurality of data-delay

circuits includes two inverters.

25
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5. The data-transmitter of claim 1, wherein the data-transmitter is a register.

6. The data-transmitter of claim 1, wherein the data-transmitter is operable to

broadcast a portion of a byte of data.

7. The circuit of claim 1, wherein the first plurality of data-output ports is operable

to transfer a portion of a byte of data.

8. The circuit of claim 1, wherein the first plurality of data-output ports is operable
to output a first portion of a byte of data and the second plurality of data-output ports

is operable to output a second portion of the byte of data.

9. A data-transmitter for transmitting data, the data-transmitter comprising:
a) a data-driving circuit, the data-driving circuit operable to output a first
plurality of data values via a first plurality of data-output ports and operable to
output a second plurality of data values via a second plurality of data-output ports;
and
b) aclock-delay circuit, the input of the clock-delay circuit coupled to and
operable to strobe the first plurality of data-output ports, the output of the clock-
delay circuit coupled to and operable to strobe the second plurality of data-output

ports.
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10. The data transmitter of claim 9, further comprising:
c) aclock-driving circuit, the clock-driving circuit operable to output a clock via

a clock-output port.

11. The data-transmitter of claim 9, wherein the clock-delay circuit includes two

inverters.

12. The data-transmitter of claim 9, wherein the data-transmitter is a register.

13. The data-transmitter of claim 9, wherein the data-transmitter is operable to

broadcast a portion of a byte of data.

14. The circuit of claim 9, wherein the first plurality of data-output ports is operable

to transfer a portion of a byte of data.

15. The circuit of claim 9, wherein the first plurality of data-output ports is operable
to output a first portion of a byte of data and the second plurality of data-output ports

is operable to output a second portion of the byte of data.

16. A data-receiver for receiving data, the data-receiver comprising:
a) a plurality of data-delay circuits;
b) a plurality of electrical conductors; and
¢) adata-receiving circuit, the data-receiving circuit including a first plurality of
data-input ports and a second plurality of data-input ports, the first plurality of

data-input ports being operable to receive, sample, and store a first plurality of
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data values, the second plurality of data-input ports being operable to receive,
sample, and store a second plurality of data values, each of the outputs of the
plurality of data-delay circuits being coupled to one of the first plurality of data-
input ports of the data-receiving circuit, and each of the plurality of electrical

5 conductors being coupled to one of the second plurality of data-input ports of the

data-receiving circuit.

17. The data-receiver of claim 16, wherein one of the plurality of electrical conductors
is positioned between a first data-delay circuit of the plurality of data-delay circuits

10 and a second data-delay circuit of the plurality of data-delay circuits.

18. The data-receiver of claim 16, further comprising:
a) a clock-receiving circuit, the clock-receiving circuit operable to receive a
clock signal; and
15 b) a clock-delay circuit, the output of the clock-delay circuit being coupled to the

clock-receiving circuit.

19. The data-receiver of claim 16, wherein at least one of the plurality of data-delay

circuits includes two inverters.

20

20. The data-receiver of claim 16, wherein the data-receiver is a register.

21. The circuit of claim 16, wherein the first plurality of data-input ports is operable
to receive a portion of a byte of data.

25
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22. The circuit of claim 16, wherein the first plurality of data-input ports is operable
to receive a first portion of a byte of data and the second plurality of data-input ports

is operable to receive a second portion of the byte of data.

23. A data-receiver for receiving data, the data-receiver comprising:
a) aclock-delay circuit, the clock-delay circuit operable to delay a clock signal
and operable to output a delayed-clock signal;
b) afirst plurality of data-ports, the first plurality of data-ports operable to
receive a first portion of data, the first plurality of data-ports coupled to and
operable to be strobed by the clock signal; and
¢) asecond plurality of data-ports, the second plurality of data-ports operable to
receive a second portion of data, the second plurality of data-ports operable to be

strobed by the delayed-clock signal.

24. The data-receiver of claim 23, wherein the clock-delay circuit includes two

inverters.

25. The data-receiver of claim 23, wherein the data-receiver is a register.

26. The data-receiver of claim 23, wherein the first plurality of data-input ports is

operable to receive a portion of a byte of data.

27. The data-receiver of claim 23, wherein the first plurality of data-input ports is

operable to receive a first portion of a byte of data and the second plurality of data-
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input ports is operable to receive a second portion of the byte of data.

28. The data-receiver of claim 23, further including a clock-receiving circuit, the
clock-receiving circuit operable to receive the clock, the clock-receiving circuit

5 coupled to the clock-delay circuit.

29. A method of broadcasting N, an even integer, bits of data onto a bus that includes

a first plurality of electrical conductors and a second plurality of electrical conductors,

the method comprising:

10 a) broadcasting a first portion of data that includes N/2 bits of data onto the first

plurality of electrical conductors; and
b) after a time period that is greater than 0 seconds and less than the time period
required to transfer 2 bits of data sequentially on one of the first plurality of
electrical conductors, then broadcasting a second portion of data that includes N/2

15 bits of data onto the second plurality of electrical conductors.

30. The method of claim 29, wherein the act of broadcasting the first portion of data

includes broadcasting a plurality of even data-bits.

20  31. The method of claim 29, wherein the act of broadcasting the first portion of data

includes broadcasting a plurality of odd data-bits.

32. The method of claim 29, wherein the act of broadcasting the second portion of
data includes broadcasting a plurality of even data-bits.

25
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33. The method of claim 29, wherein the act of broadcasting the second portion of

data includes broadcasting a plurality of odd data-bits.

34. The method of claim 29, wherein the act of broadcasting a first portion of data

includes broadcasting the first portion from a register onto the bus.

35. The method of claim 29, wherein the act of broadcasting a first portion of data

includes broadcasting the first portion from a register onto a microprocessor bus.

36. The method of claim 29, wherein the act of broadcasting the first portion of data
includes broadcasting the first portion of data onto a bus that is operable to transfer an
even data-bit on a electrical conductor that is adjacent, for a length greater than 300

um, to a electrical conductor that is operable to transfer an odd data-bit.

37. The method of claim 29, wherein the act of broadcasting the second portion of
data after a time period includes broadcasting the second portion of data after a time

period that is greater than % of the transition time of data-bits on the bus.

38. The method of claim 29, wherein the act of broadcasting the second portion of
data after a time period includes broadcasting the second portion of data after a time

period that is greater than 75 ps.
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