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PROGRAMMABLE INTERFACE CIRCUIT FOR 
DIFFERENTIAL AND SINGLE-ENDED SIGNALS 

TECHNICAL FIELD 

[0001] The present invention relates generally to electrical 
circuits and, more particularly, to interface circuits, such as 
programmable input/output circuits. 

BACKGROUND 

[0002] Input/output (I/O) circuits are commonly used for 
transferring data to and from an integrated circuit or other 
type of electronic device. I/O circuits (also referred to as 
input/output buffers, receiver/transmitter circuits, or 
receiver/driver circuits) are often designed to support a 
speci?c type of I/O interface standard (e.g., loW voltage 
differential signaling (LVDS) or high-speed transceiver 
logic (HSTL)) or one signal level requirement type Within an 
I/O interface standard (e.g., a speci?c type of LVDS). These 
I/O interface standards generally address chip-to-chip inter 
faces, board-to-board interfaces, and box-to-box interfaces 
for a Wide range of existing and emerging applications, such 
as data packet processing, data bus bridges, and high-speed 
memory interfacing. 

[0003] For example, FIG. 1 illustrates a conventional 
single-ended receiver (i.e., input buffer), Which receives a 
supply voltage (VDD) and a reference voltage (VREF), 
along With an input signal (IN), and provides a correspond 
ing output signal (OUT). A current source is disposed prior 
to a ground voltage (VSS) to regulate the amount of current 
?oWing through the receiver. The receiver shoWn in FIG. 1 
is generally used for loW-speed applications (e.g., up to 
approximately 300 MHZ) for single-ended signals, such as 
for example HSTL, stub series terminated logic (SSTL), and 
gunning transceiver logic (GTL) I/O interface standards. 

[0004] As another example, FIG. 2 illustrates a conven 
tional differential receiver (i.e., input buffer), Which receives 
the supply voltage (VDD) and an input signal (IP) and its 
complement (IN) and provides differential output signals 
(OP and ON). The current source and the ground voltage 
(VSS) are also shoWn, as discussed in FIG. 1. The receiver 
shoWn in FIG. 2 is generally used for high-speed applica 
tions (e.g., 1 GHZ or higher) for differential signals, such as 
for example LVDS or current-mode logic (CML) I/O inter 
face standards. Multiple stages of the receiver may be 
employed as shoWn for the high-speed applications. 

[0005] It Would be useful for an I/O circuit, such as shoWn 
in FIG. 1 or 2, or a bank of I/O circuits to have added 
?exibility, such as for example to support more than one I/O 
interface standard or more than one signal level requirement 
type Within an I/O interface standard. HoWever, providing 
this ?exibility often leads to unWanted signal integrity 
issues, such as the introduction of an unacceptable level of 
noise, or an unacceptable level of circuit complexity. As a 
result, there is a need for a ?exible programmable interface 
circuit (e.g., a programmable input circuit and/or output 
circuit). 

SUMMARY 

[0006] Systems and methods are disclosed herein for 
providing a programmable interface circuit to support dif 
ferential and single-ended signals. For example, in accor 
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dance With one embodiment, a programmable input circuit 
is con?gurable as a single-ended buffer or as a differential 
buffer. Furthermore, in accordance With another embodi 
ment, one or more multiplexers, Which are used to con?gure 
the programmable input circuit, also provide a ?ltering 
function to reduce high frequency interference and maintain 
signal integrity. 

[0007] These techniques are also applicable for a program 
mable output circuit, Which is also discussed herein. Thus, a 
programmable input buffer and a programmable output 
buffer, for differential and single-ended signals, are dis 
closed, Which can be implemented, for example, in pro 
grammable logic devices (e.g., ?eld programmable gate 
arrays or complex programmable logic devices) or designed 
as part of an application speci?c integrated circuit. 

[0008] More speci?cally, in accordance With one embodi 
ment of the present invention, an interface circuit includes a 
?rst input buffer having a ?rst and a second input lead, 
Wherein the ?rst input lead is coupled to a ?rst terminal; a 
plurality of reference buses adapted to provide reference 
signals; a ?rst multiplexer, coupled to the plurality of 
reference buses, adapted to provide one of the reference 
signals from the plurality of reference buses as its output 
signal; and a second multiplexer, coupled to the ?rst input 
buffer and the ?rst multiplexer, adapted to provide to the 
second input lead the output signal from the ?rst multiplexer 
or an input signal from a second terminal. 

[0009] In accordance With another embodiment of the 
present invention, an integrated circuit includes a ?rst input 
buffer having a ?rst and second lead, Wherein the ?rst lead 
is coupled to a ?rst terminal; a second input buffer having a 
third and fourth lead, Wherein the fourth lead is coupled to 
a second terminal; means for providing a plurality of refer 
ence signals; means for providing one of the plurality of 
reference signals to the second lead of the ?rst input buffer 
or coupling the second lead to the second terminal; and 
means for providing one of the plurality of reference signals 
to the third lead of the second input buffer or coupling the 
third lead to the ?rst terminal. 

[0010] In accordance With another embodiment of the 
present invention, a circuit includes a multiplexer having a 
plurality of pass transistors; and a capacitor coupled to the 
multiplexer, Wherein a resistance for at least one of the pass 
transistors is determined to provide, in combination With a 
capacitance provided by the capacitor, a loWpass ?ltering 
operation for a signal passing through the at least one pass 
transistor. 

[0011] In accordance With another embodiment of the 
present invention, a method for receiving differential and 
single-ended signals includes providing a differential input 
buffer having a ?rst and second input lead; coupling a ?rst 
input signal path to the ?rst input lead; and providing a 
con?gurable path to the second input lead, Wherein the 
con?gurable path can be con?gured to provide a second 
input signal path to the second input lead or con?gured to 
provide a reference signal path to the second input lead to 
receive a desired reference signal. 

[0012] The scope of the invention is de?ned by the claims, 
Which are incorporated into this section by reference. Amore 
complete understanding of embodiments of the present 
invention Will be afforded to those skilled in the art, as Well 
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as a realization of additional advantages thereof, by a 
consideration of the following detailed description of one or 
more embodiments. Reference Will be made to the appended 
sheets of draWings that Will ?rst be described brie?y. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 shoWs a conventional single-ended 
receiver. 

[0014] FIG. 2 shoWs a conventional differential receiver. 

[0015] FIG. 3 shoWs a programmable interface circuit in 
accordance With an embodiment of the present invention. 

[0016] FIG. 4 shoWs a programmable interface circuit in 
accordance With another embodiment of the present inven 
tion. 

[0017] The preferred embodiments of the present inven 
tion and their advantages are best understood by referring to 
the detailed description that folloWs. It should be appreci 
ated that like reference numerals are used to identify like 
elements illustrated in one or more of the ?gures. 

DETAILED DESCRIPTION 

[0018] FIG. 3 shoWs a programmable interface circuit 300 
in accordance With an embodiment of the present invention. 
Interface circuit 300 provides for a single input circuit (i.e., 
input buffer) to receive differential signals and single-ended 
signals (i.e., reference voltage based signaling), rather than 
having tWo respective input circuits (i.e., one input circuit 
for differential signals and one input circuit for single-ended 
signals). By providing the programmability to select a 
reference signal from among multiple reference buses, 
single-ended signals can be received using a differential 
input buffer. Consequently, a separate dedicated input buffer 
for single-ended signals is not required and less chip area is 
consumed. 

[0019] Speci?cally, interface circuit 300 may, for 
example, be formed as part of an integrated circuit to 
transfer information (e.g., data or control information) into 
and out of the integrated circuit via pads 302 and 304 
(labeled PAD and PADN, respectively). Interface circuit 300 
includes buffers 306, 334, and 336, With buffer 306 utiliZed 
as a output buffer to transmit information (from leads 312 
and 314) out of the integrated circuit via pads 302 and 304, 
and buffers 334 and 336 utiliZed as input buffers to receive 
external information for the integrated circuit via pads 302 
and 304 and provide the information on output leads 
(labeled D1, D1N and D2, D2N, respectively). 

[0020] Interface circuit 300 also includes multiplexers 
326, 328, 330, and 332, and reference buses 320, Which are 
separately referenced as reference buses 320(1), 320(2), . . 
. , through 320(n), Where “n” represents the number of 
reference buses 320. Multiplexers 326 and 328 are associ 
ated With buffer 334, While multiplexers 330 and 332 are 
associated With buffer 336. 

[0021] By utiliZing corresponding multiplexers 326 
through 332 and reference buses 320, buffers 334 and 336 
may be con?gured as differential buffers or as single-ended 
buffers. For example, if differential input signals are pro 
vided, only one differential input buffer (i.e., buffer 334 or 
buffer 336) is required. Consequently, buffer 334 may be 
utiliZed or buffer 336 may be utiliZed or buffers 334 and 336 
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may both be used to receive differential input signals (e.g., 
in a time multiplexing arrangement). If single-ended signals 
are provided, buffers 334 and 336 may be con?gured to 
simultaneously receive single-ended signals. 

[0022] Speci?cally for one example, if buffer 334 is 
enabled to receive differential signals, an input signal is 
received via pad 302 (labeled PAD) and a lead 308, While the 
complement of the input signal is received via pad 304 
(labeled PADN) and leads 318 and 338 (i.e., multiplexer 328 
selects lead 318 to couple to lead 338). Buffer 334 provides 
the input signal via output leads (labeled D1 and D1N). 

[0023] In a similar fashion, if buffer 336 is enabled to 
receive differential signals (instead of buffer 334 or in a 
time-shared method With buffer 334), an input signal is 
received via pad 304 on a lead 310, While the complement 
of the input signal is received via pad 302 and leads 316 and 
340 (i.e., multiplexer 330 selects lead 316 to couple to lead 
340). Buffer 336 provides the input signal via output leads 
(labeled D2 and D2N). 
[0024] As another example, if single-ended signals (i.e., 
voltage reference based signals) are to be received, buffers 
334 and 336 can operate simultaneously to receive corre 
sponding single-ended signals through pads 302 and 304. 
Speci?cally, one single-ended signal is received by buffer 
334 via pad 302 and lead 308, While another single-ended 
signal is received by buffer 336 via pad 304 and lead 310. 

[0025] Buffers 334 and 336, When con?gured to receive 
single-ended signals, require a reference signal having an 
appropriate voltage level. The required reference signal for 
each of buffers 334 and 336 can be provided on reference 
buses 320 and selected by multiplexers 326 and 332. For 
example, if buffer 334 requires a reference signal carried on 
reference bus 320(2), then multiplexer 326 can be controlled 
to select reference bus 320(2) and provide the associated 
reference signal as its output signal to multiplexer 328, 
Which is controlled to route the reference signal to lead 338 
of buffer 334. 

[0026] As another example, if buffer 336 requires a ref 
erence signal (e.g., that is different than that required by 
buffer 334) carried on reference bus 320(1), then multiplexer 
332 can be controlled to select reference bus 320(1) and 
provide the associated reference signal as its output signal to 
multiplexer 330, Which is controlled to route the reference 
signal to lead 340 of buffer 336. Thus, the appropriate 
reference signals can be provided on reference buses 320, 
Which can then be selected by multiplexers 326 and 332 and 
provided via corresponding multiplexers 328 and 330 to 
buffers 334 and 336, respectively. 

[0027] Multiplexers 326 through 332 may be transistor 
based multiplexers and controlled via a control signal. The 
control signals may be provided, for example, by a control 
circuit (e.g., a microcontroller) or by memory cells (e.g., a 
static random access memory (SRAM) cells) Whose memory 
bits are programmed to provide the desired control signals to 
multiplexers 326 through 332. Multiplexers 326 and 332 are 
controlled to select the appropriate reference signal from 
reference buses 320, While multiplexers 328 and 330 are 
controlled to select a corresponding signal from pads 304 
and 302 or from multiplexers 326 and 332, respectively. 

[0028] It should be understood that the number of multi 
plexers required may vary, depending upon the application. 
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For example, if only tWo different reference signals are 
required, then only tWo reference buses 320 (i.e., reference 
bus 320(1) and 320(2) of FIG. 3) are needed. Therefore, the 
functions of multiplexers 326 and 328, for example, could 
be performed by one multiplexer that routes a signal from 
either reference bus 320(1), 320(2), or pad 304 to buffer 334. 
The one multiplexer, along With capacitor 322, may also 
provide loWpass ?ltering of the routed signal. As another 
example, if a large number of reference signals are required, 
then additional multiplexers may be required to select from 
the large number of reference buses 320 or pad 304 and 
provide a resulting output signal on lead 338 of buffer 334. 

[0029] As shoWn in FIG. 3, interface circuit 300 also 
includes capacitors 322 and 324 (labeled C1 and C2, respec 
tively). Capacitors 322 and 324 along With corresponding 
multiplexers 326 and 332 can be made utiliZed to provide a 
loWpass ?ltering function to ?lter out high frequency noise 
from the reference signals on reference buses 320. Speci? 
cally, the combination of multiplexer 326 and capacitor 322 
or multiplexer 332 and capacitor 324 can provide loWpass 
?ltering by forming a resistor-capacitor (RC) loWpass ?lter. 

[0030] For example, by adjusting the Width/length ratio of 
pass transistors Within multiplexers 326 and 332, a desired 
on resistance of the pass transistor, referred to as “RP”, can 
be determined, Which can correlate to a speci?c cutoff 
frequency. Thus, based on the combination of the resistance 
RP contributed by multiplexer 326 and capacitance “C” 
contributed by capacitor 322, the cutoff frequency can be 
determined approximately, for example, by the equation 
1/(RPC). 
[0031] As a speci?c example, if the capacitance C of 
capacitor 322 is 1 pF and the resistance RP of multiplexer 
326 is 20 k9 (e.g., implemented With NMOS (n-channel 
metal oxide semiconductor) and PMOS (p-channel metal 
oxide semiconductor) transistors having a Width and length 
of 1 micron, the resulting cutoff frequency Would be 
approximately 50 MHZ. Note also that capacitor 322 could 
be formed and implemented as a transistor to provide the 
desired capacitance. 

[0032] Interface circuit 300 is ideal for a Wide range of 
single-ended signal levels or standards, Where the reference 
voltage may vary signi?cantly for various types of I/O 
interface standards, because the desired reference voltages 
can be made available on the reference buses (e.g., the 
reference voltage may be selectable over a range from a 
supply voltage level to a ground voltage level). Furthermore, 
by optionally incorporating a loWpass ?lter (i.e., an RC 
implementation from a capacitor and a multiplexer combi 
nation), high frequency noise may be reduced from the 
reference voltage received from a reference bus. 

[0033] The input and output buffer con?guration can be 
utiliZed to provide a pair of programmable input-output 
buffers in programmable devices (e.g., programmable logic 
devices, such as ?eld programmable gate arrays or complex 
programmable logic devices) or to provide ?exible designs 
for application speci?c integrated circuits. Furthermore, 
interface circuit 300 may be replicated to form a bank of 
interface circuits (e.g., input/output circuit bank). 

[0034] The programmable input path, described in refer 
ence to FIG. 3 by employing one or more multiplexers, 
alloWs for increased functionality for a differential buffer 
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(e.g., as described in reference to FIG. 2). Thus, the func 
tionality of a single-ended buffer, such as described in 
reference to FIG. 1, is incorporated into the implementation 
of a differential buffer (e.g., FIG. 2). For example, as 
illustrated in FIGS. 3 and 4, buffers 306, 334, and 336 may 
be implemented as differential input buffers, With the tech 
niques and methods disclosed herein providing buffers 306, 
334, and 336 With the capability to receive single-ended 
signals. Furthermore, by designing one or more of the 
multiplexers to provide a ?ltering function, such as in 
conjunction With an optional capacitor, noise and other 
interfering signals may be reduced and signal integrity may 
be suf?ciently maintained. 

[0035] FIG. 4 shoWs a programmable interface circuit 400 
in accordance With another embodiment of the present 
invention. Interface circuit 400 includes pads 302 and 304 
and buffer 306 and illustrates that the programmability 
features of buffers 334 and 336 (i.e., input buffers), dis 
cussed in reference to FIG. 3, may be applied also to buffer 
306, Which functions as an output buffer. 

[0036] Speci?cally, buffer 306 may function to receive 
differential signals or single-ended signals. For differential 
signals, buffer 306 receives true and complement signals on 
respective leads 402 and 404, With lead 404 coupled to a lead 
414 via a multiplexer 410. For single-ended signals, buffer 
306 receives a signal on lead 402 and receives a desired 
reference signal on lead 404 from one of reference buses 412 
via multiplexers 408 and 410. As discussed similarly above 
in reference to FIG. 3, reference buses 412 (separately 
referenced as reference buses 412(1), 412(2), through 
412(n)) carry one or more reference signals, Which can be 
selected by multiplexer 408 and provided on lead 404 via 
multiplexer 410. 

[0037] Furthermore, multiplexer 408, in combination With 
a capacitor 406, can provide a loWpass ?ltering operation (as 
discussed similarly above in reference to FIG. 3) to ?lter 
high frequency noise carried on reference bus 412 selected 
by multiplexer 408. Thus, for example, as taught by inter 
face circuit 400, buffer 306 of FIG. 3 may be provided With 
the capability to receive differential or single-ended signals. 
For example, buffer 306 of FIG. 3 may receive reference 
signals, When con?gured to receive single-ended signals, 
from reference buses 320, utiliZing techniques discussed in 
reference to FIG. 4 (i.e., buffer 306 receives reference 
signals from reference buses 320 as is done similarly by 
buffers 334 and 336). 

[0038] Buffers 306, 334, and 336 (as shoWn in FIGS. 3 
and/or 4) may be further con?gured to provide a program 
mable common mode voltage or programmable common 
mode termination, such as respectively disclosed in US. 
patent application Ser. No. 10/266,361 entitled “LoW Volt 
age Differential Signaling Systems and Methods” ?led Oct. 
7, 2002 and US. patent application Ser. No. 10/283,765, 
[attorney docket M-15053 US] entitled “Programmable 
Common Mode Termination for Input/Output Circuits” ?led 
Oct. 30, 2002, Which are incorporated herein by reference in 
their entirety. Furthermore, interface circuits 300 and 400 
may be con?gurable to receive reference signals via one or 
both of pads 302 and 304 that are to be carried by reference 
buses 320 and/or 412 by utiliZing techniques discussed in 
US. Patent Application No. [unknoWn, attorney docket 
M-15056 US] entitled “Noise Reduction Techniques For 
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Programmable Input/Output Circuits” ?led Feb. 13, 2003, 
by Arifur Rahman and Harold ScholZ, Which is incorporated 
herein by reference in its entirety. 

[0039] One or more of the techniques discussed herein 
may simplify implementation or development efforts due to 
a buffer having the capability to support multiple single 
ended and differential signaling levels. Consequently, design 
and veri?cation efforts may be reduced. Furthermore, the 
loWpass ?lter implementation preserves signal integrity and, 
by ef?cient use of resources by utiliZing one or more of the 
multiplexers, a dedicated resistor and possibly other asso 
ciated elements are not required, Which Would consume 
valuable circuit space (e.g., silicon area). 

[0040] Embodiments described above illustrate but do not 
limit the invention. It should also be understood that numer 
ous modi?cations and variations are possible in accordance 
With the principles of the present invention. Accordingly, the 
scope of the invention is de?ned only by the folloWing 
claims. 

We claim: 
1. An interface circuit comprising: 

a ?rst input buffer having a ?rst and a second input lead, 
Wherein the ?rst input lead is coupled to a ?rst terminal; 

a plurality of reference buses adapted to provide reference 
signals; 

a ?rst multiplexer, coupled to the plurality of reference 
buses, adapted to provide one of the reference signals 
from the plurality of reference buses as its output 
signal; and 

a second multiplexer, coupled to the ?rst input buffer and 
the ?rst multiplexer, adapted to provide to the second 
input lead the output signal from the ?rst multiplexer or 
an input signal from a second terminal. 

2. The circuit of claim 1, Wherein the input buffer receives 
differential input signals via the ?rst and second terminal 
When the second multiplexer provides the input signal from 
the second terminal to the second input lead, and receives 
single-ended signals via the ?rst terminal When the second 
multiplexer provides the output signal from the ?rst multi 
plexer to the second input lead. 

3. The circuit of claim 1, further comprising a capacitor 
coupled to the ?rst multiplexer. 

4. The circuit of claim 3, Wherein a resistance provided by 
the ?rst multiplexer and a capacitance provided by the 
capacitor results in a loWpass ?lter operation being per 
formed on the reference signal provided as the output signal 
of the ?rst multiplexer. 

5. The circuit of claim 4, Wherein the resistance of the ?rst 
multiplexer is determined by a Width/length ratio of at least 
one pass transistor Within the ?rst multiplexer. 

6. The circuit of claim 1, further comprising an output 
buffer, coupled to the ?rst and second terminal, adapted to 
provide output signals via the ?rst and second terminal. 

7. The circuit of claim 1, further comprising: a second 
input buffer having a third and a fourth input lead, Wherein 
the third input lead is coupled to the second terminal; 

a third multiplexer, coupled to the plurality of reference 
buses, adapted to provide one of the reference signals 
from the plurality of reference buses as its output 
signal; 
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a fourth multiplexer, coupled to the second input buffer 
and the third multiplexer, adapted to provide to the 
fourth input lead the output signal from the third 
multiplexer or an input signal from the ?rst terminal. 

8. The circuit of claim 7, further comprising: 

a ?rst capacitor coupled to the ?rst multiplexer, Wherein 
a resistance of the ?rst multiplexer and a capacitance of 
the ?rst capacitor results in a loWpass ?ltering opera 
tion being performed on the reference signal provided 
as the output signal of the ?rst multiplexer; and 

a second capacitor coupled to the third multiplexer, 
Wherein a resistance of the third multiplexer and a 
capacitance of the second capacitor results in a loWpass 
?ltering operation being performed on the reference 
signal provided as the output signal of the third mul 
tiplexer. 

9. The circuit of claim 8, further comprising an output 
buffer, coupled to the ?rst and second terminal, adapted to 
provide output signals via the ?rst and second terminal. 

10. The circuit of claim 9, Wherein the output buffer 
further comprises means for receiving differential signals or 
single-ended signals. 

11. The circuit of claim 10, Wherein the interface circuit 
is one of a plurality of interface circuits that form a bank of 
input/output circuits. 

12. An integrated circuit comprising: 

a ?rst input buffer having a ?rst and second lead, Wherein 
the ?rst lead is coupled to a ?rst terminal; 

a second input buffer having a third and fourth lead, 
Wherein the fourth lead is coupled to a second terminal; 

means for providing a plurality of reference signals; 

means for providing one of the plurality of reference 
signals to the second lead of the ?rst input buffer or 
coupling the second lead to the second terminal; and 

means for providing one of the plurality of reference 
signals to the third lead of the second input buffer or 
coupling the third lead to the ?rst terminal. 

13. The integrated circuit of claim 12, Wherein the ?rst 
input buffer is con?gured to receive differential signals When 
the second lead is coupled to the second terminal, the second 
input buffer is con?gured to receive differential signals When 
the third lead is coupled to the ?rst terminal, and the ?rst 
input buffer and the second input buffer are con?gured to 
receive single-ended signals When the second lead and the 
third lead are provided With a selected one of the reference 
signals. 

14. The integrated circuit of claim 12, further comprising 
means for ?ltering the reference signals provided to the 
second lead of the ?rst input buffer and the third lead of the 
second input buffer. 

15. The integrated circuit of claim 14, further comprising 
an output buffer, coupled to the ?rst terminal and the second 
terminal. 

16. The integrated circuit of claim 15, further comprising 
means for providing a differential signal or a single-ended 
signal and a selected reference signal to the output buffer, 
Which provides an output signal via the ?rst and second 
terminals. 
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17. A circuit comprising: 

a multiplexer having a plurality of pass transistors; and 

a capacitor coupled to the multiplexer, Wherein a resis 
tance for at least one of the pass transistors is deter 
mined to provide, in combination With a capacitance 
provided by the capacitor, a loWpass ?ltering operation 
for a signal passing through the at least one pass 
transistor. 

18. The circuit of claim 17, Wherein the loWpass ?ltering 
operation is according to an equation l/(RC), Where R is the 
resistance provided by the at least one pass transistor and C 
is the capacitance of the capacitor. 

19. A method for receiving differential and single-ended 
signals, the method comprising: 

providing a differential input buffer having a ?rst and 
second input lead; 

coupling a ?rst input signal path to the ?rst input lead; and 
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providing a con?gurable path to the second input lead, 
Wherein the con?gurable path can be con?gured to 
provide a second input signal path to the second input 
lead or con?gured to provide a reference signal path to 
the second input lead to receive a desired reference 
signal. 

20. The method of claim 19, Wherein the differential input 
buffer is capable of receiving a differential signal When the 
con?gurable path is con?gured to provide a second input 
signal path, and is capable of receiving a single-ended signal 
When the con?gurable path is con?gured to provide a 
reference signal path. 

21. The method of claim 20, further comprising providing 
a ?ltering operation to ?lter the reference signal on the 
reference signal path. 


