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Correspondence Address: 
Michael P- Dunnam! Esq- The present invention discloses a DC offset canceling circuit 
WOODCOCK WASHBURN KURTZ applied in a variable gain ampli?er. The DC offset canceling 
MACKIEWICZ 8‘ NORRIS LLP circuit comprises a transconductance ampli?er and at least 
on? Llberty Place-46th Floor one internal capacitor to function as a ?lter. The input of the 
Phlladelphla’ PA 19103 (Us) transconductance ampli?er is electrically connected to the 

21 A 1' N ‘I 09 754 168 output of the variable gain ampli?er, and the output of the 
( ) pp 0 / ’ transconductance ampli?er and the at least one internal 

(22) Filed; Jam 4, 2001 capacitor are electrically connected to the input of the 
variable gain ampli?er to form a feedback loop. To coop 

Publication Classi?cation erate With the function of the DC offset cancelation, the 
input stage of the variable gain ampli?er comprises an 

(51) Int. Cl.7 ..................................................... .. H03F 1/02 auxiliary differential pair. 
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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 uses 
internal capacitors inside an IC for generating a ?ltering 
function. 

[0003] 2. Description of Related Art 

[0004] Variable gain ampli?ers (VGA), Which amplify 
input signals to necessary voltage levels of a system in 
demodulation process, are largely used in home netWork 
transceivers Which transmit signals via cables. 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 Wire communi 
cation, the maximum gain of the 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 noise ratio. ADC offset canceling circuit is shoWn 
in FIG. 1(a), disclosed by A. Parssinen et al., in “A 2-GHZ 
Wide-Band Direct Conversion Receiver for WCDMA 
Application,” IEEE J.Solid-State Circuits, Vol. 34, pp. 1893 
1903, December 1999. In FIG. 1, a closed loop feedback 
path 11 is formed by an operational ampli?er, resistors and 
capacitors to cancel the intrinsic offset. Since the closed loop 
feedback path 11 executes the function of a loW pass 
active-RC ?lter, the capacitors Cext 13 are huge and have to 
be put outside the chip. For designing a chip, it is necessary 
to provide more I/O pins to electrically connect to the 
external capacitors CeXt 13. Consequently, both the design 
complexity and cost are increased. 

[0005] Another prior art DC offset canceling circuit is 
shoWn in FIG. 1(b), disclosed by C. Dennis Hull et al., in “A 
Direct Conversion Receiver for 900 MHZ (ISM Band) 
Spread-Spectrum Digital Cordless Telephone,” IEEE J. 
Solid-State Circuits, Vol. 31, No. 12, pp. 1955-1963, 
December 1996. The circuit is formed by cascading an 
operational ampli?er, resistors and capacitors, and a closed 
loop feedback path 12 is formed to cancel the intrinsic offset. 
As mentioned above, the external capacitors CeXt 13 con 
tained in the closed loop feedback path 12 are huge and must 
be put outside the chip. For designing a chip, it is necessary 
to provide more I/O pins to electrically connect to the 
external capacitors. Consequently, both the design complex 
ity and cost are increased. 

SUMMARY OF THE INVENTION 

[0006] A ?rst object of the present invention is to cancel 
the intrinsic offset of a variable gain ampli?er. 

[0007] A second object of the present invention is to 
provide a DC offset canceling circuit having less I/O pins. 

[0008] A third object of the present invention is to provide 
a simpli?ed DC offset canceling circuit at a loWer cost. 

[0009] For achieving the above objects, the present inven 
tion proposes a DC offset canceling circuit applied in a 
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variable gain ampli?er, Which comprises a transconductance 
ampli?er and at least one internal capacitor to function as a 
?lter. The input of the transconductance ampli?er is electri 
cally connected to the output of the variable gain ampli?er, 
and the output of the transconductance ampli?er and the at 
least one internal capacitor are electrically connected to the 
input of the variable gain ampli?er to form a feedback loop. 
To cooperate With the function of the DC offset cancelation, 
the input stage of the variable gain ampli?er comprises an 
auxiliary differential pair. 

[0010] The DC offset canceling circuit applied in a vari 
able gain ampli?er according to the present invention com 
prises a transconductance ampli?er, at least one internal 
capacitor and an auxiliary differential pair. The transcon 
ductance ampli?er is electrically connected to the output of 
the variable gain ampli?er for transforming an input voltage 
to an output current based on a ratio. The at least one internal 
capacitor is electrically connected to the output of the 
transconductance ampli?er for generating a ?ltering func 
tion by Working together With the transconductance ampli 
?er. The auxiliary differential pair is situated at the input of 
the variable gain ampli?er and electrically connected to the 
output of the transconductance ampli?er to function as a 
current sWitch. Besides, the variable gain ampli?er com 
prises a ?rst ampli?er to function as an input stage, and the 
auxiliary differential pair is embedded in the input end of the 
?rst ampli?er. The transconductance ampli?er and the at 
least one internal capacitor are embedded in a chip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The present invention Will be described according 
to the appended draWings in Which: 

[0012] FIGS. 1(a) and (b) shoW prior art DC offset can 
celing circuits applied in a variable gain ampli?er; 

[0013] FIG. 2 shoWs a DC offset canceling circuit applied 
in a variable gain ampli?er according to the present inven 
tion; 
[0014] FIG. 3 shoWs a ?rst ampli?er containing an aux 
iliary differential pair according to the present invention; and 

[0015] FIG. 4 shoWs a simulation diagram of frequency 
responses according to the present invention. 

PREFERRED EMBODIMENT OF THE PRESENT 
INVENTION 

[0016] FIG. 2 shoWs a DC offset canceling circuit 26 
applied in a variable gain ampli?er 25 according to the 
present invention. 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 are used to adjust the variable gain of the ?rst 
ampli?er 21. For example, if the sWitch 201 is closed, then 
the gain Will be raised; and if the sWitch 202 is closed, then 
the gain Will be reduced. The sWitches 205-208 are used to 
adjust the variable gain of the second ampli?er 22. For 
example, if the sWitch 205 is closed, then the gain Will be 
raised; and if the sWitch 207 is closed, then the gain Will be 
reduced. The transconductance ampli?er 23 is used to trans 
form the output voltage of the second ampli?er 22 to an 
output current based on a ratio. The output of the transcon 



US 2002/0084842 A1 

ductance ampli?er 23 is coupled to at least one internal 
capacitor 24, and then is fed back to the input of the ?rst 
ampli?er 21 for canceling the DC offset of the variable gain 
ampli?er. The transconductance ampli?er 23 is cooperated 
With the internal capacitors 24, only about 10 pF or even 
under 10 pF, as a Gm-C ?lter. Since the capacitance of the 
internal capacitors 24 is small, the internal capacitors 24 can 
be manufactured easily inside an IC, and do not occupy I/O 
pins. 

[0017] FIG. 3 shoWs a ?rst ampli?er 21 containing an 
auXiliary differential pair according to the present invention. 
The ?rst ampli?er 21 is formed by cascading a Well-known 
ampli?er circuit 32 and an auXiliary differential pair 31 
Whose inputs INNX and INPX are electrically connected to 
the output of the transconductance ampli?er 23. 

[0018] FIG. 4 shoWs a simulation diagram of frequency 
responses according to the present invention. A?rst curve 41 
is the frequency response of the variable gain ampli?er 25, 
and a second curve 42 is the frequency response of the ?rst 
ampli?er 21. In FIG. 4, it is shoWn that the transconductance 
ampli?er 23 cooperated With the internal capacitors 24 can 
generate a 10 MHZ bandWidth. 

[0019] The above-described embodiments of the present 
invention are intended to be illustrated only. Numerous 
alternative embodiments may be devised by those skilled in 
the art Without departing from the scope of the folloWing 
claims. 
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What is claimed is: 

1. ADC offset canceling circuit applied in a variable gain 
ampli?er, comprising: 

a transconductance ampli?er electrically connected to the 
output of the variable gain ampli?er for transforming 
an input voltage to an output current based on a ratio; 

at least one internal capacitor electrically connected to the 
output of said transconductance ampli?er for generat 
ing a ?ltering function by Working together With said 
transconductance ampli?er; and 

an auXiliary differential pair situated at the input of said 
variable gain ampli?er and electrically connected to the 
output of said transconductance ampli?er. 

2. The DC offset canceling circuit applied in a variable 
gain ampli?er of claim 1, Wherein said variable gain ampli 
?er comprises a ?rst ampli?er as an input stage, and said 
auXiliary differential pair is embedded in the input stage of 
said ?rst ampli?er. 

3. The DC offset canceling circuit applied in a variable 
gain ampli?er of claim 1, Wherein said transconductance 
ampli?er and said at least one internal capacitor are embed 
ded in a chip. 


