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BANDWIDTH-ADJUSTABLE FILTER 

[0001] This application claims the bene?t of TaiWan appli 
cation Serial No. 94114457, ?led May 4, 2005, and US. 
application Ser. No. 11/148,132, ?led Jun. 9, 2005, the sub 
ject matter of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The invention relates in general to a ?lter, and more 
particularly to a bandWidth-adjustable ?lter. 

[0004] 2. Description of the Related Art 

[0005] In Wireless communication systems, according to a 
common modulation mechanism, When in-phase signals 
(I-channel) and quadrature-phase signals (Q-channel) have 
different 3 dB bandWidth (000) in the ?lter, these tWo kinds of 
signals cannot match in phase. When the signals in the I-chan 
nel and in the Q-channel have a phase difference not equal to 
90 degrees, the signal constellation is distorted and the bit 
error rate is thus increased. Therefore, in order to maintain 
system stability, it is very important that the ?lter has accurate 
3dB bandwidth. 

[0006] Referring to FIG. 1, a schematic diagram of a ?lter 
disposed in a Wireless communication system is shoWn. The 
?lter 100 has a closed-loop gain HO equal to —R3/R2, and has 
a 3 dB frequency 000 represented by 

1. Field of the Invention 

1 Eq. 1 
a): 

[0007] When the gain H0 is —1, Eq.1 can be represented by 

1 Eq. 2 
(4)0: 

[0008] As shoWn in Eq. 2, by selecting suitable values R 
and C, the 3 dB frequency 000 can reach the expected value. In 
the modulation mechanism of FIG. 1, a capacitive array 
method is used to achieve the modulation of 3 dB frequency 
by adjusting the valid capacitance C. HoWever, the conven 
tional modulation mechanism has a minimum adjustable 
scale only about 2~3%, Which cannot meet the requirement of 
high accuracy for the Wireless communication system. 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the invention to provide a 
?lter. The adjustable bandWidth of the ?lter can have a higher 
resolution. 

[0010] The invention achieves the above-identi?ed object 
by providing a ?lter including an operational ampli?er, a ?rst 
resistor device and a ?rst capacitor. The operational ampli?er 
has a ?rst input terminal, a second input terminal and an 
output terminal. The ?rst resistor device is coupled to the ?rst 
input terminal of the operational ampli?er. The ?rst capacitor 
is coupled to the ?rst resistor device and the output terminal of 
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the operational ampli?er. The ?rst resistor device has an 
equivalent resistance and includes a resistor ladder circuit, 
and the equivalent resistance corresponds to the resistor lad 
der circuit. The bandWidth of the ?ltering device corresponds 
to the equivalent resistance of the ?rst resistor device and 
capacitance of the ?rst capacitor. 

[0011] Preferably, the resistor ladder circuit of the ?ltering 
device includes ?rst sWitches and second sWitches for chang 
ing the resistance of the resistor ladder circuit so as to adjust 
the bandWidth of the ?ltering device. 

[0012] Other objects, features, and advantages of the inven 
tion Will become apparent from the folloWing detailed 
description of the preferred but non-limiting embodiments. 
The folloWing description is made With reference to the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 (Prior Art) is a schematic diagram of a ?lter 
disposed in a Wireless communication system 

[0014] FIG. 2 is a circuit diagram of a bandWidth-adjust 
able ?lter according to a preferred embodiment of the inven 
tion. 

[0015] FIG. 3 is a circuit diagram of a resistor ladder circuit 
according to a preferred embodiment of the invention. 

[0016] FIG. 4 is a diagram of a resistor ladder circuit con 
?gured With sWitches. 

[0017] FIG. 5 is a circuit diagram of a bandWidth adjustable 
?lter according to another preferred embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] Referring to FIG. 2, a circuit diagram of a band 
Width-adjustable ?lter according to a preferred embodiment 
of the invention is shoWn. The ?lter 200 includes an opera 
tional ampli?er 210. The operational ampli?er 210 has a 
negative input terminal and a positive input terminal coupled 
to the ground. The operational ampli?er 210 is a single-input 
terminal ampli?er preferably. The ?lter 200 further includes a 
?rst adjustable resistor R1', a ?rst capacitor C1, a second 
capacitor C2, a second resistor R2 and a third resistor R3. The 
adjustable resistor R1' has a ?rst terminal de?ned as a node 
N1 and a second terminal de?ned as a node N2. The ?rst 
terminal of the ?rst adjustable resistor R1' is coupled to the 
negative input terminal of the operational ampli?er 210. The 
?rst capacitor C1 has a ?rst terminal coupled to the node N1 
and a second terminal coupled to the output terminal of the 
operational ampli?er 210. The second capacitor C2 has a ?rst 
terminal grounded and a second terminal coupled to the node 
N2. The second resistor R2 is coupled to the node N2, and the 
third resistor R3 is coupled betWeen the node N2 and the 
output terminal of the operational ampli?er 210, Wherein the 
output terminal is for outputting an output voltage V0. 

[0019] As shoWn in Eq. 2, the 3 dB frequency 000 of the ?lter 
200 in FIG. 2 can be represented by 

1 Eq. 3 
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[0020] From Eq. 3, it can be known that the 3 dB frequency 
000 of the ?lter 200 can be effectively controlled by adjusting 
the ?rst adjustable resistor R1‘. In the embodiment, a resistor 
ladder circuit RLADDERI is used to ?nely adjust the value of 
the ?rst adjustable resistor R1‘ so as to achieve the purpose of 
controlling the 3dB frequency 000 accurately. In the embodi 
ment, the ?rst adjustable resistor R1‘ includes the resistor 
ladder circuit RLADDERI coupled in parallel to a ?rst resistor 
R1. The resistor ladder circuit RLADDERI has one terminal 
coupled to the node N2 and the other terminal coupled to the 
node N1. 

[0021] Referring to FIG. 3, a circuit diagram of a resistor 
ladder circuit RLADDERI according to a preferred embodi 
ment of the invention is shoWn. In the embodiment, the resis 
tor ladder circuit RLADDERI is an R-2R resistor ladder circuit 
(R-2R) 1, and the R-2R resistor ladder circuit (R-2R), 
includes a plurality of second resistors 2R‘, ?rst resistors R‘ 
and third resistors Rt. The resistance of the second resistor 2R‘ 
is preferably tWice of the resistance of the ?rst resistor R‘. The 
second resistors are denoted sequentially by the second resis 
tor 2R‘(l )~2R‘(P), Wherein P is a positive integer. Each of the 
second resistors 2R‘ has a ?rst terminal a1 grounded. The 
second terminals a2 of the second resistor 2R‘(l) and the ?rst 
resistor R‘(l) are coupled to the node N2. The ?rst resistors 
are denoted sequentially by R‘(l)~R‘(P-l). Each of the ?rst 
resistor R‘ is coupled betWeen the second terminals a2 of the 
tWo corresponding adjacent second resistors 2R‘. The third 
resistor Rt has a ?rst terminal coupled to the second terminal 
a2 of the second resistor 2R‘(P) and a second terminal coupled 
to the node N1. The third resistor Rt and the second resistor 
2R‘ have substantially the same resistance preferably. 

[0022] The second resistors 2R‘(l)~2R‘(P) are arranged 
respectively in correspondence to the ?rst resistors 
R‘(l)~R‘(P-l) and the third resistor Rt. Each of the second 
resistors 2R‘combined With the corresponding ?rst resistor R‘ 
is called a resistor pair. For example, the second resistor 2R‘ (i) 
and the ?rst resistor R‘(i) form a resistor pair, Wherein 0<i<P, 
and the second resistor 2R‘(P) and the third resistor Rt form a 
resistor pair. The equivalent resistance of the R-2R resistor 
ladder circuit is 2P><R‘. 

[0023] If the ?rst resistor R1 of the ?rst adjustable resistor 
R1‘ is m><R, and the equivalent resistance of the R-2R resistor 
ladder circuit is 2P><R, the equivalent resistance of the ?rst 
adjustable resistor R1‘ can be obtained by the folloWing for 
mulation. 

and 

[0024] Therefore, the equivalent resistance of the ?rst 
adjustable resistor R1‘ can be adjusted by increasing or 
decreasing the number of resistor pairs, ie the P value. 

[0025] Another method for adjusting the resistance of the 
resistor ladder circuit is referred to FIG. 4, Which shoWs a 
resistor ladder circuit (RLADDERI) con?gured With sWitches. 
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In the embodiment, the resistor ladder circuit (RLADDERI) is 
an R-2R resistor ladder circuit (R—2R)l, the R-2R resistor 
ladder circuit (R-2R)l includes a plurality of ?rst sWitches, 
Which are sequentially denoted by SWl(l)~SWl(P), and a 
plurality of second sWitches, Which are sequentially denoted 
by SW2(I)~SW2(P). The sWitch SWl(l), . . . , or SWl(P) is 
coupled betWeen the corresponding second resistor 2R‘ and a 
ground voltage. The sWitches SW2(l )~SW2(P) are coupled 
in parallel to the corresponding ?rst resistors R‘. 

[0026] In practical operation, the ?rst sWitches and the sec 
ond sWitches are complementary. That is, taking R‘(l) and 
2R‘(l) as an example, When the ?rst sWitch SWl(l) is closed 
such that a current ?oWs by the resistor 2R‘(l), the corre 
sponding second sWitch SW2(2) is open. In other Words, 
When the ?rst sWitch SW l(l) is open, the corresponding ?rst 
resistor R‘(l) is open relative to the ground voltage, and When 
the second sWitch SW2(l) is closed, the corresponding ?rst 
resistor R‘(l) is short-cut. Therefore, the bit resolution of the 
R-2R resistor ladder circuit (R-2R) 1 can be adjusted through 
the ?rst sWitches SWl and the second sWitches SW2. The 
effect that P is equal to K can be achieved by turning on K ?rst 
sWitches and turning off the corresponding K second 
sWitches. Accordingly, P=6 When all the ?rst SWl are turned 
on and the second sWitches are turned off in the R-2R resistor 
ladder circuit, and P=4 When tWo of the ?rst sWitches SW 1 are 
turned off and the tWo corresponding second sWitches are 
closed. 

[0027] The larger the P value is, the more accurately the 3 
dB bandWidth of the ?lter can be adjusted. In a practical 
experiment, the 7 stage (p=7) R-2R resistor ladder circuit can 
have 0.88% resolution, that is, a 0.88% ?ne-tuning scale. 
Therefore, the method of the invention can be applied to an 
I/ Q signal application having loW error tolerance. Each of the 
?rst sWitches SWl and the second sWitches SW2 receives a 
control signal outputted by a control logic circuit (not shoWn 
in the ?gure). In one embodiment, the control logic circuit 
generates the required control signal in a calibration mode, 
and outputs the control signal in a normal mode. 

[0028] Besides, When the ?lter has tWo stages of ampli?ers, 
the tWo stages of ampli?ers can be selected to have the same 
R and C values (referring to Eq. 4) such that the 3 dB band 
Width of the tWo stages of ampli?ers is maintained the same. 
HoWever, When there exists uncontrollable deviation in 
manufacturing process, the capacitors C of the tWo stages of 
ampli?ers cannot match. Under this situation, the resistor 
ladder circuit can be disposed in the second stage of ampli?er 
and the 3 dB bandwidth 000 in the ?rst-stage and the second 
stage ampli?ers can be adjusted to be nearly equal by chang 
ing the resistance of the resistor ladder circuit. 

[0029] Referring to FIG. 5, a circuit diagram of a band 
Width adjustable ?lter according to another preferred embodi 
ment of the invention is shoWn. The ?lter in this embodiment 
is applied to a differential signal system. The operational 
ampli?er 210 is a differential ampli?er 510. In a calibration 
mode, the control logic circuit (not shoWn in the ?gure) 
obtains the difference of the 3 dB bandwidth (000) of signals 
transmitted at I/Q (in-phase/quadrature-phase) channels of 
the ?ltering device 500. In a normal mode, the control logic 
circuit outputs the control signal to control the resistor ladder 
circuit RLADDERI, or RLADDER2, or both at the same time 
such that the I-channel and Q-channel signals of the ?ltering 
device 500 have substantially the same 3 dB bandwidth (000). 
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In this Way, the minimum scale of bandwidth modulation in 
the ?ltering device of the invention is smaller than that of the 
prior-art ?lter. 

[0030] According to the above-mentioned embodiments of 
the invention, a loW-pass ?lter structure is taken as an 
example for illustrating the operation of the operational 
ampli?er. HoWever, the operational ampli?er can also be 
disposed in inverting/non-inverting con?guration through a 
high-pass ?lter or a band-pass ?lter structure. As long as the 
?lter can improve the modulation resolution of the 3 dB 
bandwidth by changing the equivalent resistance of the resis 
tor ladder circuit, all these decorations are not apart from the 
scope of the invention. 

[0031] While the invention has been described by Way of 
example and in terms of tWo preferred embodiments, it is to 
be understood that the invention is not limited thereto. On the 
contrary, it is intended to cover various modi?cations and 
similar arrangements and procedures, and the scope of the 
appended claims therefore should be accorded the broadest 
interpretation so as to encompass all such modi?cations and 
similar arrangements and procedures. 

What is claimed is: 
1. A ?ltering device, comprising: 

an operational ampli?er, having a ?rst input, a second input 
and an output; 

a ?rst resistor device, coupled to the ?rst input of the 
operational ampli?er; and 

a ?rst capacitor, coupled to the ?rst resistor device and the 
output of the operational ampli?er; 

Wherein the ?rst resistor device has an equivalent resis 
tance and includes a resistor ladder circuit, and the 
equivalent resistance corresponds to the resistor ladder 
circuit; 

Wherein the bandWidth of the ?ltering device corresponds 
to the equivalent resistance of the ?rst resistor device and 
capacitance of the ?rst capacitor. 

2. The ?ltering device according to claim 1, Wherein the 
bandWidth of the ?ltering device can be adjusted by changing 
a stage number of the resistor ladder circuit. 

3. The ?ltering device according to claim 2, Wherein the 
resistor ladder circuit is an R-2R resistor ladder circuit. 

4. The ?ltering device according to claim 2, further com 
prising: 

a second capacitor, having one terminal grounded and the 
other terminal coupled to the ?rst resistor device; 

a second resistor device, coupled to the ?rst resistor device 
and the second capacitor; and 

a third resistor device, having one terminal coupled to the 
?rst resistor device and the second capacitor, and the 
other terminal coupled to the output of the operational 
ampli?er. 

5. The ?ltering device according to claim 1, Wherein the 
resistor ladder circuit comprises: 

a plurality of second resistors, each of the second resistors 
having a ?rst terminal grounded; 

a plurality of ?rst resistors, coupled to second terminals of 
the second resistors; and 
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a third resistor, coupled in series to the last one of the ?rst 
resistors. 

6. The ?ltering device according to claim 5, Wherein the 
resistance of the ?rst resistor is substantially tWice of the 
resistance of the second resistor. 

7. The ?ltering device according to claim 5, Wherein the 
resistor ladder circuit further comprises: 

a plurality of ?rst sWitches, coupled betWeen the second 
resistors and a ground; and 

a plurality of second sWitches, respectively coupled in 
parallel to the ?rst resistors; 

Wherein the ?rst sWitches and the second sWitches are 
complementary. 

8. The ?ltering device according to claim 7, Wherein the 
bandWidth of the ?ltering device is adjusted by controlling the 
?rst sWitches and the second sWitches. 

9. The ?ltering device according to claim 1, Wherein the 
bandWidth modulation of the ?ltering device has a minimum 
scale smaller than 3%. 

10. A ?ltering device, comprising: 

a differential ampli?er, having a ?rst input, a second input, 
a ?rst output and a second output; 

a ?rst resistor device, coupled to the ?rst input of the 
differential ampli?er; 

a ?rst resistor device, coupled to the second input of the 
differential ampli?er; 

a ?rst capacitor, coupled to the ?rst resistor device; 

a second capacitor, coupled to the second resistor device; 
and 

Wherein the ?rst resistor device has an equivalent resis 
tance and includes a ?rst resistor ladder circuit, and the 
equivalent resistance corresponds to the ?rst resistor 
ladder circuit; 

Wherein by adjusting the ?rst resistor ladder circuit, the 
multiplication of the equivalent resistance of the ?rst 
resistor device and the capacitance of the ?rst capacitor 
is substantially the same as the multiplication of the 
resistance of the second resistor device and the capaci 
tance of the second capacitor. 

11. The ?ltering device according to claim 10, Wherein the 
bandWidth of the ?ltering device is adjusted by changing a 
stage number of the ?rst resistor ladder circuit. 

12. The ?ltering device according to claim 1 1, wherein the 
?rst resistor ladder circuit is an R-2R resistor ladder circuit. 

13. The ?ltering device according to claim 1 1, wherein the 
?rst resistor ladder circuit comprises: 

a plurality of second resistors, each of the second resistors 
having a ?rst terminal grounded; 

a plurality of ?rst resistors, respectively coupled to second 
terminals of the second resistors; and 

a third resistor, coupled in series to the last one of the ?rst 
resistors. 

14. The ?ltering device according to claim 13, Wherein the 
?rst resistor ladder circuit further comprise: 

a plurality of ?rst sWitches, coupled betWeen the second 
resistors and a ground; and 
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a plurality of second switches, coupled in parallel to the 
?rst resistors; 

Wherein the ?rst sWitches and the second sWitches are 
complementary. 

15. The ?ltering device according to claim 14, Wherein the 
bandwidth of the ?ltering device is adjusted by controlling the 
?rst sWitches and the second sWitches. 
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16. The ?ltering device according to claim 10, Wherein the 
bandWidth modulation of the ?ltering device has a minimum 
scale smaller than 3%. 

17. The ?ltering device according to claim 10, Wherein the 
second resistor device includes a second resistor ladder 
circuit. 


