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(57) ABSTRACT 
A device contains a ?rst device and a second device. In one 
embodiment, the ?rst device drives at least three signals, a 
?rst reference signal, and a second reference signal. The 
second device, Which is coupled to the ?rst device, receives 
the at least three signals, the ?rst reference signal, and the 
second reference signal. The second device identi?es values 
for the at least three signals according to the ?rst reference 
signal and the second reference signal. 

Receiver 

230 

Receiver 

232 



Patent Application Publication Oct. 16, 2003 Sheet 1 0f 6 US 2003/0196013 A1 

@ @ 
BUS INTERFACE v 

102 

CACHE I 104 

DECODER 
106 

REGISTER 
FILE 

108 

130.2 

FLOATING-POINT INTEGER EXECUTION 
EIECUTION UNIT UNIT 

112V 1 l0 

ALU ALU _ 

FIG. 1 



Patent Application Publication Oct. 16, 2003 Sheet 2 0f 6 US 2003/0196013 A1 

NGE 

a2 . 

ova 

mmw awn a; wow 

5 Alloqkum 

N3 NE A 0% EN 8N 

A All 3 

:23 3233- A 5 

2a 08 EN EN AI "AM 

=83 5230M A HQ 

5 2 SN 

.5 Allztom 
9M 



Patent Application Publication Oct. 16, 2003 Sheet 3 0f 6 US 2003/0196013 A1 

300 Vcc 

[4951' 
Ref Hi 
332 

Input Ref Lo 
signal 334 
330 

Gnd Gnd 
350 ‘ 350 

FIG-.3 



Patent Application Publication Oct. 16, 2003 Sheet 4 0f 6 US 2003/0196013 A1 

Receiver 422 

N2 412 N3 414 

FIG. 4 

PE 4% l 109 

400 ‘ Pmcharge signal 464 



Patent Application Publication 

Data 

Cyclc l 

502 

Prechargel 
equalization 

504 

Scnsc cnablc 
clock 
505 

Input Dam / 
506 ‘ 

Not Data\ 
508 

Output 

if 
508 

Oct. 16, 2003 Sheet 5 0f 6 

Cycle 2 

% 
508 

Cycle 3 

510 

No! Output 

Cycle 4 

508 

506 

US 2003/0196013 A1 

Cycle 5 

FIG. 5 

506 



Patent Application Publication 

.61). 

Oct. 16, 2003 Sheet 6 0f 6 US 2003/0196013 A1 

Stan‘ 

‘ 1 
Receive at least three signals. a high reference 

signal and a low reference signal 

602 

i? 
Identify values of the signals 

604 

i l 
Amplify values of the signals 

606 

' ‘ Y 

Output ampli?ed values of the signal 

608 

l 

FIG.6 



US 2003/0196013 A1 

METHOD AND APPARATUS FOR 
IMPLEMENTING HIGH SPEED SIGNALS USING 

DIFFERENTIAL REFERENCE SIGNALS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to the ?eld 
of computer systems. More speci?cally, the present inven 
tion relates to high-speed signaling processing. 

[0003] 2. Description of the Related Art 

[0004] With rapidly development of processor technolo 
gies, a faster bus implementation is needed to transfer data 
or control signals betWeen processor components. Typically, 
a system contains multiple buses including processor and 
system buses and generally the buses are sloWer components 
in the system. Thus, in order to optimiZe a high-speed 
performance processor, high-speed buses are typically 
required. 
[0005] A ?rst approach to improve bus performance is to 
employ conventional scheme of differential signaling bus. A 
problem With this approach is that the differential signaling 
bus requires tWo additional reference signals for each data 
signal. Thus, this approach increases bus Wires by at least 
tWo times, and consequently consumes a large amount of 
poWer and chip space to operate the additional Wires. 

[0006] A second approach to improve bus speed is to use 
conventional scheme of differential signaling bus Where the 
reference signals are generated locally. A problem With this 
approach is that most of the signal margins needed to trigger 
the sense ampli?er may be lost at the receiving end because 
the poWer supplies for the driver and the poWer supplies for 
the receiver are located far apart. Thus, the signal margins 
for this approach are required to increase and, accordingly, 
more poWer is required to operate this approach. 

SUMMARY OF THE INVENTION 

[0007] A device contains a ?rst device and a second 
device. In one embodiment, the ?rst device drives at least 
three signals, a ?rst reference signal, and a second reference 
signal. The second device, Which is coupled to the ?rst 
device, receives the at least three signals, the ?rst reference 
signal, and the second reference signal. The second device 
identi?es values for the at least three signals according to the 
?rst reference signal and the second reference signal. 

[0008] Additional features and bene?ts of the present 
invention Will become apparent from the detailed descrip 
tion, ?gures and claims set forth beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present invention Will be understood more 
fully from the detailed description given beloW and from the 
accompanying draWings of various embodiments of the 
invention, Which, hoWever, should not be taken to limit the 
invention to the speci?c embodiments, but are for explana 
tion and understanding only. 

[0010] FIG. 1 is a block diagram of one embodiment of 
the processing unit. 

[0011] FIG. 2 is a bus block diagram illustrating one 
embodiment of a bus scheme. 
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[0012] FIG. 3 illustrates one embodiment of a sensing 
device. 

[0013] FIG. 4 is a block diagram illustrating one embodi 
ment of a bus con?guration With pre-charge and equaliZer 
circuits. 

[0014] FIG. 5 is a timing diagram illustrating an embodi 
ment of a process for implementing the pseudo differential 
bus scheme. 

[0015] FIG. 6 is a ?oWchart illustrating an embodiment of 
a process for implementing the pseudo differential bus 
scheme. 

DETAILED DESCRIPTION 

[0016] A method and an apparatus for implementing high 
speed signals using a mechanism of pseudo differential bus 
are described. 

[0017] Numerous speci?c details are set forth in the fol 
loWing description in order to provide a thorough under 
standing of the present invention. It Will be apparent, hoW 
ever, to one skilled in the art that the present invention can 
be practiced Without these speci?c details. In other 
instances, Well-knoWn structures and devices are shoWn in 
block diagram form in order to avoid obscuring the present 
invention. 

[0018] Some portions of the detailed descriptions that 
folloW are presented in terms of algorithms and symbolic 
representations of operations on data bits Within a computer 
memory. These algorithmic descriptions and representations 
are the means used by those skilled in the data processing 
arts to most effectively convey the substance of their Work 
to others skilled in the art. An algorithm is here, and 
generally, conceived to be a self-consistent sequence of steps 
leading to a desired result. The steps are those requiring 
physical manipulations of physical quantities. Usually, 
though not necessarily, these quantities take the form of 
electrical or magnetic signals capable of being stored, trans 
ferred, combined, compared, and otherWise manipulated. It 
has proven convenient at times, principally for reasons of 
common usage, to refer to these signals as bits, values, 
elements, symbols, characters, terms, numbers, or the like. 

[0019] It should be borne in mind, hoWever, that all of 
these and similar terms are to be associated With the appro 
priate physical quantities and are merely convenient labels 
applied to these quantities. Unless speci?cally stated other 
Wise in the folloWing discussions, it is appreciated that 
throughout the present invention, discussions utiliZing terms 
such as “processing” or “computing” or “calculating” or 
“determining” or “displaying” etc. refer to the action and 
processes of a computer system, or similar electronic com 
puting device. That is, a device that manipulates and trans 
forms data represented as physical (electronic) quantities 
Within the computer system’s registers and memories into 
other data similarly represented as physical quantities Within 
the computer system memories or registers, or other such 
information storage, transmission or display devices. 

[0020] The present invention also relates to an apparatus 
for performing the operations herein. This apparatus may be 
specially constructed for the required purposes, or it may 
comprise a general-purpose computer selectively activated 
or recon?gured by a computer program stored in the com 
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puter. Such a computer program may be stored in a computer 
readable storage medium, such as but not limited to, any 
type of disk including ?oppy disks, optical disks, CD 
ROMs, and magnetic-optical disks, read-only memories 
(ROMs), random access memories (RAMs), EPROMs, 
EEPROMs, magnetic or optical cards, or any type of media 
suitable for storing electronic instructions, and each coupled 
to a computer system bus. 

[0021] The algorithms and displays presented herein are 
not inherently related to any particular computer or other 
apparatus. Various general-purpose systems may be used 
With programs in accordance With the teachings herein, or it 
may prove convenient to construct a more specialiZed appa 
ratus to perform the required method steps. The required 
structure for a variety of these systems Will appear from the 
description beloW. In addition, the present invention is not 
described With reference to any particular programming 
language. It Will be appreciated that a variety of program 
ming languages may be used to implement the teachings of 
the invention as described herein. 

[0022] OvervieW 

[0023] A mechanism for high-speed signal implementa 
tion using differential reference signals is disclosed. In one 
embodiment, a driver sends multiple groups of signals to a 
receiver over a set of Wires. Each group of signals contains 
a high reference signal, a loW reference signal, and multiple 
signals, such as, for example, four data signals. When the 
receiver senses the multiple groups of signals, the receiver 
identi?es logic values for each signal in response to the high 
and loW reference signals. In one embodiment, the high and 
loW reference signals are shared among four data signals. 

[0024] In another embodiment, a group of Wires carrying 
multiple signals, also knoWn as a bus, is pre-charged and 
equaliZed during the pre-charge clock cycle. In this embodi 
ment, the Wires closer to the receiver end are pre-charged 
While the Wires closer to the driver end are equalized. Using 
the circuit of pre-charge and equaliZation reduces bus set-up 
time and consequently, a higher clock frequency can be 
operated. 
[0025] FIG. 1 is a block diagram of one embodiment of 
the processing unit 100. Processing unit 100 includes a bus 
interface 102, a cache 104, a decoder 106, a register ?le 108, 
a ?oating-point execution unit 112, and an integer execution 
unit 110. Of course, processing unit 100 may contain addi 
tional circuitry, Which is not necessary to understanding the 
invention. 

[0026] Integer execution unit 110, Which further includes 
an integer arithmetic logic unit (“ALU”) 122, is used for 
executing integer instructions received by processing unit 
100. Integer execution unit 110 performs various data 
manipulations including storing, fetching, addressing, and 
integer calculations. Integer execution unit 110 is further 
coupled to ?oating-point execution unit 112. In one embodi 
ment, integer execution unit 110 includes ?oating-point 
execution unit 112. Floating-point execution unit 112 
includes a ?oating-point ALU 120 to perform ?oating-point 
arithmetic. 

[0027] Integer execution unit 110 is coupled to a register 
?le 108 via an internal bus 130. Register ?le 108 represents 
a storage area on processing unit 100 for storing informa 
tion, including data. One embodiment of the register ?le 108 
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contains various special registers, such as machine speci?c 
registers, status registers, et cetera. Integer execution unit 
110 is further coupled to a cache 104 and a decoder 106. 
Cache 104 is used to cache data and/or control signals. 
Decoder 106 is used for decoding instructions received by 
processing unit 100 into control signals and/or micro-code 
entry point. In response to these control signals and/or 
microcode entry point, integer execution unit 110 performs 
the appropriate operations. Decoder 106 may be imple 
mented using any number of different mechanisms (e.g., a 
look-up table, a hardWare implementation, etc.). 

[0028] Bus interface 102 is used to communicate betWeen 
processing unit 100 and the rest of the components in the 
system, such as main memories, input/output devices, and 
system bus. Other components may be included in process 
ing unit 100, such as a second level cache. Processing unit 
100, in one embodiment, is integrated into a single inte 
grated circuit (“IC”). 

[0029] FIG. 2 illustrates one embodiment of a bus scheme 
200, Where it includes a driver 209, a receiver 239, and a 
storage device 249. Driver 209 further includes multiple 
driver circuits 212, 214, 216 and 218. Receiver 239 also 
includes multiple receiver circuits 230, 232. Storage device 
249 also contains latch circuit 240 and latch circuit 242. In 
one embodiment, driver 209, receiver 239, storage device 
249, and multiple Wires 222-228 may be integrated into a 
single integrated circuit. Other blocks may be included in 
block diagram 200, but they are not important to under 
standing the present invention. 

[0030] In one embodiment, driver 209 receives multiple 
data signals and reference signals. The reference signals 
202, 208 may be generated from poWer supplies. In another 
embodiment, the reference signals 202, 208 are generated by 
other components. When the high-reference signal 202 
reaches to driver circuit 212, driver circuit 212 drives 
high-reference signal 202 onto a bus 222. Similarly, When 
the loW-reference signal 208 reaches to driver circuit 218, 
the driver circuit 218 drives the loW-reference signal 208 
onto a bus 228. Driver circuit 214 receives data 204 and 
drives the data 204 onto a bus 224. Driver 216 receives data 
206 and drives the data 206 onto a bus 226. Note that more 
data maybe received by driver 209, and more data maybe 
driven onto the data buses. 

[0031] In one embodiment, driver 209 drives four data 
signals and tWo reference signals. In this embodiment, driver 
circuit 212-218 are source folloWer drivers because the 
driver circuits 212-218 only need to drive signals a feW 
hundred millivolts to be triggered by the sensor ampli?ers. 
An advantage to using the source folloWer driver is ef?cient 
driving strength With loW voltage sWings. Thus, using the 
source folloWer driver reduces poWer consumption. Another 
advantage for using the source folloWer driver is to receive 
input signals from dynamic circuit or from another sense 
ampli?er, Which Will be discussed later. 

[0032] In one embodiment, receiver 239 contains six 
receiver circuits Where tWo receiver circuits are used to 
receive the high and loW reference signals and other four 
receiver circuits are dedicated to receive data signals. In 
another embodiment, receiver circuit 230 is a P-sense ampli 
?er receiver and is con?gured to sense a logical value of the 
data signal using the reference signals from buses 222 and 
228. Due to the use of the reference signals, the receiver 
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circuit can identify the logic value of a signal With a feW 
hundred millivolts instead of 1.5 volts, Which is, in one 
embodiment, the full voltage level for representing a logic 1 
value. For example, receiver circuit 230 senses a logic value 
1 if the signal on bus 224 is 105 millivolts While the loW 
reference signal is 5 millivolts. Also, receiver circuit 232 
senses a logic value 0 if the signal on bus 226 is 10 millivolts 
While the high reference signal is 100 milllivolts. Since the 
buses 222-228 carry relatively small amount of charge or 
current, the Wire pitch siZe for the bus can be reduced. Pitch 
siZe is measured from the Width of a Wire plus the Width of 
the insulator. Moreover, the common mode noise rejection 
Within the bus is also enhanced due to small pitch siZe and 
the high and loW reference signals. 

[0033] In one embodiment, storage device 249 contains 
multiple latch circuits 240-242. In another embodiment, 
latch circuits 240 and 242 can be static latches. Storage 
device 249 latches data from receiver 239 and stores the data 
for the neXt clock cycle. 

[0034] In one operation, driver 209 receives reference 
signals 202, 208 and data signals 204, 206. After completion 
of receipt, driver 209 drives the data signals and reference 
signals onto the bus. For eXample, driver circuit 212 receives 
high reference signal 202 and subsequently drives high 
reference signal 202 onto the bus 222. In one embodiment, 
bus 222 is 9,000 microns in length Without repeaters in 
betWeen. Repeater is a circuit to re-poWer signals. When 
receiver 239 receives the signals, receiver circuits identify 
the logic value for each data signal according to the high and 
loW reference signals. Note that block diagram 200 may 
contain more than four data signals. 

[0035] FIG. 3 is a circuit diagram 300 illustrating one 
embodiment of a sensing device. In one embodiment, circuit 
diagram 300 is a P-sense ampli?er receiver and it contains 
P-MOS (“Metal Oxide Semiconductor”) P1-P5, 302-310, 
respectively, and N-MOS N1-N4, 312-318, respectively. 
P5310, N2312, and N3318 are used to perform pre-charge 
functions. N2314 and N3316 are dedicated to output func 
tions. P1302 and P2304 are used to receive data or control 
signals While P3306 and P4308 are dedicated to receive 
reference signals. In one embodiment, P1302, P2304, 
P3306, and P4308 are similarly siZed transistors. 

[0036] In one embodiment, While the source terminal of 
P5310 is coupled to Vcc poWer supply, the drain terminal of 
P5310 is coupled to node A. The gate terminal of P5310 is 
coupled to gate terminal of N1312 and the gate terminal of 
N4318. In one embodiment, the gate terminal of P5310 is 
also connected to a pre-charged clock. While the source 
terminals of P1302 and P2304 are coupled to node A, the 
drain terminals of P1302 and P2304 are coupled to the 
complement output 336. The gate terminals of P1302 and 
P2304 are coupled to input signal 330. 

[0037] Also, the source terminals P3306 and P4308 are 
coupled to node A and the drain terminals P3306 and P4308 
are coupled to the output terminal 338. While the gate 
terminal of P3306 is coupled to the high reference signal 
332, the gate terminal of P4308 is coupled to the loW 
reference signal 334. While the gate terminal of N2314 is 
coupled to the output 338, the gate terminal of N3316 is 
coupled to the complement output 336. The source terminals 
of N1312 and N2314 are connected to the ground poWer 
supply 350 and the drain terminals of N1312 and N2314 are 
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coupled to the complement output 336. The source terminals 
of N3316 and N4318 are connected to the ground poWer 
supply 350 and the drain terminals of N3316 and N4318 are 
coupled to the output 338. 

[0038] In one operation, When input signal is a logic 1, 
P1302, P2304, and P3306 are off. Since the loW reference 
signal 334 is loW, Which turns on P4308, the output 338 
produces logic 1. Since output 338 is logic 1, N2314 is on, 
Which drives complement output 336 to Zero. When comple 
ment output 336 is Zero, it turns off N3316. Thus, When input 
signal is a logic 1, the output 338 outputs a logic 1. 

[0039] On the other hand, if input signal is a logic 0, 
P1302, P2304, and P4308 are all on at the same time. When 
P1302 and P2304 are both on at the same time, N3316 is 
driven to be on faster than N2314 to be turned on. When in 
one embodiment N3316 can drain more current than N2314, 
the output 338 is driven to a logic 0. When the output 338 
is at logic 0, N2314 is off and subsequently the complement 
output 336 is at logic 1. Thus, When input signal 330 is a 
logic 0, the output 338 is also a logic 0. Note that a N-sense 
ampli?er receiver can be derived from circuit diagram 300 
by replacing P-MOS With N-MOS and replacing N-MOS 
With P-MOS. 

[0040] FIG. 4 is a block diagram 400 illustrating one 
embodiment of a bus con?guration With pre-charge and 
equaliZer circuits. Block diagram 400 contains an equaliZer 
circuit 109, a pre-charge circuit 119, and a receiver 422. 
Block diagram 400 also contains bus A 402 and bus B 406 
Where bus A 402 and bus B 406 are driven by a driver (not 
shoWn). In one embodiment, receiver 422 is a sense ampli 
?er receiver. Other components may be added to block 
diagram 400, but they are not important to understanding the 
disclosed system. 

[0041] In one embodiment, equaliZer circuit 109 contains 
an N-type transistor such as an N-MOS transistor. HoWever, 
if an additional bus is added in block diagram 400, at least 
one more transistor may be required in equaliZer circuit 109. 
Moreover, the N-type transistor N1410 of equaliZer circuit 
109 may be replaced With a P-type transistor if the plurality 
of the pre-charge signal 404 is changed. In another embodi 
ment, pre-charge circuit 119 contains tWo N-type transistors 
N2412 and N3414. HoWever, if an additional bus is added 
in block diagram 400, one or more N-type transistors may be 
required in pre-charge circuit 119 to perform the pre-charge 
function. 

[0042] In one embodiment, equaliZer circuit 109 is placed 
closer to the driver’s side of the bus While pre-charge circuit 
119 is placed closer to the receiver’s side of the bus for 
conserving poWer consumption. Referring back to FIG. 4, 
the buses are initially charged at the driver side’s side and 
the charge is propagated from the driver’s side of the bus to 
the receiver’s side of the bus. Since the driver’s side of the 
bus contains higher voltage levels than bus at the receiver’s 
side, using equaliZer circuit 109 closer to the driver’s side of 
bus saves or recycles a large amount of poWer. Thus, in one 
embodiment the equaliZer circuit 109 does not discharge the 
charge, but equates the charge betWeen the bus Wires. 

[0043] In one operation, the bus at the receiver end is 
pre-charged and the bus at the driver’s side is equaliZed 
before the driver starts driving the bus. EqualiZer circuit 109 
may be repeated if the bus is long. Since the charge on the 
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buses is not directly discharged on the driver end, a large 
amount of power is saved and the speed of the bus is 
improved due to less load on the bus. 

[0044] FIG. 5 is a timing diagram 500 illustrating an 
embodiment of a process for implementing pseudo differ 
ential bus scheme. Timing diagram 500 illustrates ?ve clock 
cycles Where clock cycle 1, 3, and 5 are pre-charged clock 
cycles and cycles 2 and 4 are data enabled clock cycles. 
Timing diagram 500 further illustrates a data signal 502, a 
pre-charge and equalization signal 504, a sense enable clock 
505, an input data signal 506, a complement input data 
signal 508, an output signal 510, and a complement output 
signal 512. 

[0045] Input data 506 and the complement input data 508 
are pre-charged at the falling edge of the pre-charge and 
equalization cycle 504. At the rising edge of the pre-charge 
and equalization cycle 504, in one embodiment input data 
506 and the complement input data 508 are charged to 
voltage levels Where a sensing ampli?er can detect a logic 
value from the voltage levels. In one embodiment, sense 
enable clock 505 is a sense amp enable clock, Which is used 
to indicate When the data is sampled. 

[0046] The output signal 510 changes from logic 0 to logic 
1 at the beginning of the clock cycle 3 and changes from 
logic 1 to logic 0 during the pre-charge and equalization 
cycle 504. In this embodiment, When input data 506 is high, 
output 510 is also high. If input data 506 is logic 0, output 
510 is also logic 0. The complement output 512 is the 
inverse logic value of output 510. Other signal Waive forms 
may be added in the timing diagram, but they are not 
important to understanding the disclosed diagram. 

[0047] FIG. 6 is a ?oWchart 600 illustrating an embodi 
ment of a process for implementing the pseudo differential 
bus scheme. The process begins at start block and proceeds 
to block 602. At block 602, the process receives at least three 
signals, a high reference signal, and a loW reference signal. 
In one embodiment, the signals are data signals. In an 
alternative embodiment, the signals are control signals. After 
block 602, the process proceeds to block 604, Where the 
process identi?es the value of the data in response to the 
high reference signal and the loW reference signal. After 
block 604, the process proceeds to block 606. At block 606, 
the values of the data signals are ampli?ed before they are 
latched by the storage device. After block 606, the process 
proceeds to block 608 Where the process outputs ampli?ed 
values of the signal and the outputs are stored in the storage 
device. After block 608, the process ends. 

[0048] In the foregoing detailed description, the method 
and apparatus of the present invention have been described 
With reference to speci?c exemplary embodiments thereof. 
It Will, hoWever, be evident that various modi?cations and 
changes may be made thereto Without departing from the 
broader spirit and scope of the present invention. The 
present speci?cation and ?gures are accordingly to be 
regarded as illustrative rather than restrictive. 

[0049] Thus, a method and a system for implementing 
high-speed signals using a pseudo differential bus mecha 
nism have been described. 
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We claim: 
1. A device comprising: 

a ?rst device con?gured to drive at least three signals, a 
?rst reference signal, and a second reference signal; and 

a second device coupled to the ?rst device and con?gured 
to receive the at least three signals, the ?rst reference 
signal, and the second reference signal, the second 
device further con?gured to identify values for the at 
least three signals according to the ?rst reference signal 
and the second reference signal. 

2. The device of claim 1, further comprising a storage 
device coupled to the second device and con?gured to store 
output signals from the second device. 

3. The device of claim 2, Wherein the storage device 
includes a plurality of static latches. 

4. The device of claim 1, Wherein the ?rst device is a 
driver, Which further includes a plurality of driver circuits. 

5. The device of claim 1, Wherein the second device is a 
receiver, Which further includes a plurality of receiver cir 
cuits. 

6. The device of claim 5, Wherein each receiver circuit 
receives a signal, a ?rst reference signal, and a second 
reference signal. 

7. The device of claim 5, Wherein the receiver circuit is a 
P-sense ampli?er receiver. 

8. The device of claim 1, Wherein the ?rst reference signal 
is a high reference signal and the second reference signal is 
a loW reference signal. 

9. The device of claim 1, Wherein the at least three signals 
are data signals. 

10. A method comprising: 

driving at least three signals, a ?rst reference signal, and 
a second reference signal; 

receiving the at least three data signals, the ?rst reference 
signal, and the second reference signal; and 

identifying values of the at least three signals according to 
the ?rst reference signal and the second reference 
signal. 

11. The method of claim 10, further comprising amplify 
ing the values of the at least three data signals. 

12. The method of claim 10, further comprising storing 
the values of the at least three data signals in a storage 
device. 

13. The method of claim 10, Wherein the identifying 
values of the at least three signals further includes: 

sensing a voltage sWing of one of the at least three signals 
When voltage changes approximately one hundred mil 
livolts; and 

identifying a logic value corresponding to the voltage 
sWing of one of the at least three signals in response to 
the ?rst reference signal and the second reference 
signal. 

14. The method of claim 10, Where the driving at least 
three signals, a ?rst reference signal, and a second reference 
signal further includes: 

driving the ?rst reference signal to high; and 

driving the second reference signal to loW. 
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15. A system comprising: 

a processor; 

a memory coupled to the processor; 

a driver coupled to the processor and con?gured to drive 
a plurality of grouped signals, each grouped signals 
further including at least three signals, a high reference 
signal, and a loW reference signal; and 

a receiver coupled to the driver and con?gured to receive 
the plurality of grouped signals. 

16. The system of claim 15, further comprising a storage 
device coupled to the receiving device and con?gured to 
store outputs of the receiver. 

17. The system of claim 16, Wherein the storage device 
includes a plurality of static latches. 

18. The system of claim 15, Wherein the driver includes 
a plurality of driver circuits. 

19. The system of claim 13, Wherein the receiver includes 
a plurality of receiver circuits. 

20. The system of claim 19, Wherein the each receiver 
circuit receives a signal, a high reference signal, and a loW 
reference signal and identi?es a logic value of the signal in 
response to the high reference signal and the loW reference 
signal. 

21. A system comprising: 

a ?rst device having a plurality of Wires for transporting 
signals; 

a second device coupled to the ?rst device and con?gured 
to perform a pre-charge function at a receiving end of 
the ?rst device; and 

a third device coupled to the ?rst device and con?gured to 
equaliZe potentials betWeen the plurality of Wires at a 
driving end of the ?rst device. 

22. The system of claim 21, further comprising a driver 
coupled to the driving end of the ?rst device and con?gured 
to drive the signals onto the plurality of Wires. 

23. The system of claim 21, further comprising a receiver 
coupled to the receiving end of the ?rst device and con?g 
ured to receive the signals across the plurality of Wires. 

24. The system of claim 23, Wherein the receiver further 
includes at least one sensing ampli?er. 

25. The system of claim 24, Wherein the sensing ampli?er 
receives a signal, a ?rst reference signal, and a second 
reference signal. 
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26. The system of claim 25, Wherein the ?rst reference 
signal is a high reference signal and the second reference 
signal is a loW reference signal. 

27. The system of claim 21, Wherein the second device is 
a pre-charge circuit and the third device is an equaliZer 
circuit. 

28. A system comprising: 

a ?rst device con?gured to drive at least three signals, a 
?rst reference signal, and a second reference signal 
onto a plurality of Wires; 

a second device coupled to the ?rst device and con?gured 
to receive the at least three signals, the ?rst reference 
signal, and the second reference signal from the plu 
rality of Wires, the second device further con?gured to 
identify values for the at least three signals according to 
the ?rst reference signal and the second reference 
signal; 

a third device coupled to the second device and con?g 
ured to perform a pre-charge function on the plurality 
of Wires closer to receiving end of the second device; 
and 

a fourth device coupled to the ?rst device and con?gured 
to perform a equaliZer function on the plurality of Wires 
closer to driving end of the ?rst device. 

29. A method comprising: 

pre-charging Wire potentials at a receiving end of a 
plurality of Wires, Which transports a plurality of sig 
nals across the Wires, during pre-charge phase; and 

equalizing Wire potentials at a driving end of the plurality 
of Wires during pre-charge phase. 

30. A circuit comprising: 

a ?rst device con?gured to receive a signal from a driver; 

a second device coupled to the ?rst device and con?gured 
to receive a ?rst reference signal and a second reference 
signal from the driver; and 

a third device coupled to the ?rst block and con?gured to 
output at least one output signal in response to the 
signal, the ?rst, and second reference signals. 

* * * * * 


