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DC OFFSET CANCELING CIRCUIT APPLIED IN A 
VARIABLE GAIN AMPLIFIER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a DC offset can 
celing circuit applied in a variable gain ampli?er, and 
particularly to a DC offset canceling circuit Which utiliZes a 
chopper stabilization method to cancel DC offset of output 
stage. 

[0003] 2. Description of the Related Art 

[0004] Variable gain ampli?ers (VGA), Which amplify 
input signal to necessary voltage levels in a system in 
demodulation process, are Widely used in home netWork 
transceivers Which transmit signals via cable. When the 
variable gain ampli?er is used, a differential input end of an 
internal operational ampli?er has the problem of intrinsic 
offset, and the intrinsic offset is alWays in the range of 
several mV to tens of mV. For Wireless or Wired communi 
cation, the maximum gain of variable gain ampli?cation is 
up to tens of dB; therefore, the intrinsic offset after ampli 
?cation Will affect the recovery ability of the received signal, 
the characteristics of parameters of a dynamic range, and 
signal-to-noise ratio. 

[0005] A DC offset canceling circuit is shoWn in FIG. 1, 
disclosed by Yao et al., in “DC offset canceling circuit 
applied in a variable gain ampli?er” US. Pat. No. 6,407,630 
B1. In FIG. 1, a DC offset circuit 26 applied in a variable 
gain ampli?er 25. The variable gain ampli?er 25 includes a 
?rst ampli?er 21, a second ampli?er 22, a plurality of 
sWitches 201~208, and a plurality of resistors. The DC offset 
canceling circuit 26 includes a transconductance ampli?er 
23 and at least one internal capacitor 24. The sWitches 
201~204 adjust the variable gain of the ?rst ampli?er 21. For 
eXample, if the sWitch 201 is closed, the gain is raised; and 
if the sWitch 202 is closed, the gain is reduced. The sWitches 
205~208 adjust the variable gain of the ?rst ampli?er 22. For 
eXample, if the sWitch 205 is closed, the gain is raised; and 
if the sWitch 207 is closed, the gain is reduced. The transcon 
ductance ampli?er 23 is used to transform the output voltage 
of the second ampli?er 22 to an output current based on a 
ratio. 

[0006] The output of the transconductance ampli?er 23 is 
coupled to at least one internal capacitor 24, and is then fed 
back to the input of the ?rst ampli?er 21 to cancel the DC 
offset of the variable gain ampli?er 25. The transconduc 
tance ampli?er 23 cooperates With the internal capacitor 24, 
only about 10 pF or even under 10 pF, as a Gm-C ?lter. Since 
the capacitance of the internal capacitor 24 is small, the 
internal capacitor 24 can be manufactured easily inside an 
IC, and does not occupy I/O pin. 

[0007] The DC offset of the ?rst ampli?er 21 and the 
second ampli?er 22 is canceled by the transconductance 
ampli?er 23 and capacitor 24, the Gm-C ?lter, but the DC 
offset of the transconductance ampli?er 23 is not. There is a 
need for a novel canceling circuit to cancel the DC offset of 
the ?nal stage. 

[0008] According to the prior art, an extremely large chip 
area is required for implementing the transconductance 
ampli?er so as to reduce the DC offset. HoWever, the DC 

Jun. 24, 2004 

offset can be reduced by a chopper to saving the chip area 
according to the present invention described as folloWs. 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention to 
provide a DC offset canceling circuit of a variable gain 
ampli?er. 
[0010] To achieve the above objects, the present invention 
provides a DC offset canceling circuit including a transcon 
ductance ampli?er, at least one internal capacitor, and chop 
per circuits. 

[0011] A ?rst chopper circuit 30 is inserted betWeen the 
output of the variable gain ampli?er and the input of the 
transconductance ampli?er. A second chopper circuit is 
inserted betWeen the output of the transconductance ampli 
?er and the capacitor. The ?rst chopper circuit and the 
second chopper circuit are controlled by a non-overlap clock 
signal having a chopping frequency. The ?rst chopper circuit 
can be merged into the input of transconductance ampli?er. 
The second chopper circuit can be merged into the output of 
transconductance ampli?er. 

[0012] The DC offset and loW frequency noise of the 
transconductance ampli?er, the undesired signal, is trans 
lated up to the chopping frequency. The spectrum of the 
undesired signal is folded back around the chopping fre 
quency. The chopping frequency is much higher than the 
desired signal bandWidth, thus the siZe of the undesired 
signal in the passband of the signal is greatly reduced. 

[0013] Being chopper-stabiliZed, the transconductance 
ampli?er and capacitor serve the same function, canceling 
the DC offset of the variable gain ampli?er. The chopper 
circuit cancels the DC offset of the transconductance ampli 
?er. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The aforementioned objects, features and advan 
tages of this invention Will become apparent by referring to 
the folloWing detailed description of the preferred embodi 
ment With reference to the accompanying draWings, 
Wherein: 

[0015] FIG. 1 shoWs a DC offset canceling circuit in the 
prior art. 

[0016] FIG. 2 is a schematic of a DC offset canceling 
circuit applied in the variable gain ampli?er in the ?rst 
embodiment. 

[0017] FIG. 3 is a block diagram of the chopper circuit 
applied in the variable gain ampli?er. 

[0018] FIG. 4A~4D shoW the spectra of the desired and 
undesired signals. 

[0019] FIG. 5A is a schematic of the chopper circuit 
applied in the present invention. 

[0020] FIG. 5B is a schematic of the transconductance 
ampli?er applied in the present invention. 

[0021] FIGS. 6A~6B shoWs the operation of the chopper 
circuits. 

[0022] FIG. 7 is a schematic of a DC offset canceling 
circuit applied in the variable gain ampli?er in the second 
embodiment. 
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[0023] FIG. 8 is a schematic of a DC offset canceling 
circuit applied in the variable gain ampli?er in the third 
embodiment. 

[0024] FIG. 9 is a schematic of a DC offset canceling 
circuit applied in the variable gain ampli?er in the fourth 
embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] FIG. 2 is a schematic of a DC offset canceling 
circuit applied in the variable gain ampli?er in the ?rst 
embodiment. The ?rst chopper circuit 30 is inserted betWeen 
the second ampli?er 22 and the transconductance ampli?er 
23. The second chopper circuit 35 is inserted betWeen the 
transconductance ampli?er 23 and capacitor 24. 

[0026] FIG. 3 is a block diagram of the chopper circuit 
applied in the variable gain ampli?er. The chopper circuit 30 
and 35 are controlled by non-overlap clock signals CK and 
CKB. The undesired signal Vu represents the DC offset or 
the loW frequency noise of the transconductance ampli?er 
23. The signal Vu‘ is an undesired signal modulated by the 
chopper circuit 35. FIGS. 4A~4D shoW the spectra of the 
desired and undesired signals. The desired signal Vin comes 
from the second ampli?er 22. After the ?rst chopper circuit 
30, the desired signal Vin is shifted up to the signal Vin‘, at 
the clock frequency fc and the harmonic frequencies of the 
clock While the undesired signal Vu is unaffected. After the 
second chopper circuit 35, the signal Vin‘ is shifted back to 
the signal Vin“ in the original band and the undesired signal 
Vu is shifted up to the undesired Vu‘, at the clock frequency 
fc and the harmonic frequencies of the clock. 

[0027] The spectrum of the undesired signal Vu‘ has been 
folded back around the clock frequency fc. The clock 
frequency fc is much higher than the desired signal band 
Width, so the amount of the undesired signal Vu‘ in the 
desired signal bandWidth is greatly reduced. Since the 
undesired signal Vu includes the DC offset and 1/f noise of 
the transconductance ampli?er 23, the in?uence of the 
undesired signal is miXed out the range of the desired signal. 

[0028] FIG. 5A is a schematic of the transconductance 
ampli?er applied in the present invention. FIG. 5B is a 
schematic of the chopper circuit applied in the present 
invention. The ?rst chopper circuit 30 and the second 
chopper circuit 35 are both implemented by tWo cross 
coupled sWitches. FIGS. 6A~6B shoWs the operation of the 
chopper circuits. When CK is on and CKB is off, the ?rst 
chopper circuit 30 and the second chopper circuit 35 are in 
the state shoWn in FIG. 6A. The equivalent undesired signal 
Vueq at the input of the transconductance ampli?er 23 is 
equal to the undesired signal Vu. When CK is off and CKB 
is on, the ?rst chopper circuit 30 and the second chopper 
circuit 35 are in the state shoWn in FIG. 6B. The equivalent 
signal Vueq is equal to the negative of the undesired signal 
—Vu. The average of the equivalent signal approximates 
Zero, that is, the undesired signal Vu is averaged out. 

[0029] FIG. 7 is a schematic of a DC offset canceling 
circuit applied in the variable gain ampli?er in the second 
embodiment. The ?rst chopper circuit 30 is merged into the 
input of the transconductance ampli?er 23 to form the 
transconductance ampli?er 502. The second chopper circuit 
35 is inserted betWeen output of the transconductance ampli 
?er 502 and capacitor 24. 
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[0030] FIG. 8 is a schematic of a DC offset canceling 
circuit applied in the variable gain ampli?er in the third 
embodiment. The second chopper circuit 35 is merged into 
the output of the transconductance ampli?er 23 to form the 
transconductance ampli?er 504. The ?rst chopper circuit 30 
is inserted betWeen the second ampli?er 22 and input to the 
transconductance ampli?er 504. 

[0031] FIG. 9 is a schematic of a DC offset canceling 
circuit applied in the variable gain ampli?er in the fourth 
embodiment. The chopper circuit 30 and 35 are merged into 
input and output of the transconductance ampli?er 23 to 
form the transconductance ampli?er 506. 

[0032] Although the present invention has been described 
in its preferred embodiments, it is not intended to limit the 
invention to the precise embodiments disclosed herein. 
Those Who are skilled in this technology can still make 
various alterations and modi?cations Without departing from 
the scope and spirit of this invention. Therefore, the scope of 
the present invention shall be de?ned and protected by the 
folloWing claims and their equivalents. 

What is claimed is: 
1. ADC offset canceling circuit applied in a variable gain 

ampli?er, comprising: 

a ?rst chopper circuit having an input coupled to an output 
of the variable gain ampli?er; 

a transconductance ampli?er having an input coupled to 
an output of the ?rst chopper circuit for transforming an 
input voltage to an output With a current based on a 

ratio; 

a second chopper circuit having an input coupled to the 
output of the transconductance ampli?er; 

at least one internal capacitor coupled to an output of the 
second chopper circuit for generating a loW-pass ?l 
tering function by Working together With the transcon 
ductance ampli?er; and 

an auXiliary differential pair at the input of the variable 
gain ampli?er and coupled to the output of the 
transconductance ampli?er. 

2. ADC offset canceling circuit applied in a variable gain 
ampli?er as claimed in claim 1, Wherein the ?rst chopper 
circuit is merged into the input of the transconductance 
ampli?er. 

3. ADC offset canceling circuit applied in a variable gain 
ampli?er as claimed in claim 1, Wherein the second chopper 
circuit is merged into the output of the transconductance 
ampli?er. 

4. ADC offset canceling circuit applied in a variable gain 
ampli?er as claimed in claim 1, Wherein the ?rst chopper 
circuit is merged into the input of the transconductance 
ampli?er and the second chopper circuit is merged into the 
output of the transconductance ampli?er. 

5. ADC offset canceling circuit applied in a variable gain 
ampli?er having a ?nal-stage ampli?er and an auXiliary 
differential input pair coupled to an output of the variable 
gain ampli?er, comprising: 

a ?rst chopper circuit having an input coupled to the 
variable gain ampli?er and an output coupled to an 
input of the ?nal-stage ampli?er; 
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a second chopper circuit having an input coupled to the 
output of the ?nal-stage ampli?er and an output 
coupled to the output of the variable gain ampli?er. 

6. A DC offset canceling circuit as claimed in claim 5, 
Wherein the ?rst chopper circuit is merged into the input of 
the ?nal-stage ampli?er. 

7. A DC offset canceling circuit as claimed in claim 5, 
Wherein the second chopper circuit is merged into the output 
of the ?nal-stage ampli?er. 

8. A DC offset canceling circuit as claimed in claim 5, 
Wherein the ?rst chopper circuit is merged into the input of 
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the ?nal-stage ampli?er and the second chopper circuit is 
merged into the output of the ?nal-stage ampli?er. 

9. A DC offset canceling circuit as claimed in claim 5 
further comprising at least one internal capacitor coupled to 
the output of the second chopper circuit for generating a 
loW-pass ?ltering function by Working together With the 
?nal-stage ampli?er. 


