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(57) ABSTRACT 

Method and apparatus for controlling ampli?er output offset 
using body biasing in MOS transistors. A pair of input 
transistors have isolated bodies. A differential input signal is 
applied across the gates of the input transistors. An output 
signal is derived from a voltage at the drain of one of the 
input transistors. Afeedback loop includes an integrator and 
a feedback ampli?er. The integrator integrates the output 
signal, thereby forming an integrated output signal. The 
integrated output signal is applied to a ?rst input of the 
feedback ampli?er, While a reference voltage is applied to a 
second input of the feedback ampli?er. The feedback ampli 
?er controls the voltage of the body of one of the input 
transistors. The body of the other input transistor is coupled 
to its source. The threshold voltage of the input transistor 
having its body coupled to the feedback ampli?er is con 
trolled such that a quiescent level of the output signal tends 
to equal the reference voltage. A time constant associated 
With the feedback loop is suf?ciently long that frequencies 
of interest for the input differential signal pass to the output 
of the ampli?er Without affecting the bias voltage formed by 
the feedback loop. A comparator differs from the ampli?er 
in that the integrator and feedback ampli?er are omitted and, 
instead, a second reference voltage is applied directly to the 
body of the input transistor having its body voltage con 
trolled. The offset voltage is reduced or eliminated by 
adjusting the second reference voltage. 
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APPARATUS FOR AND METHOD OF 
CONTROLLING AMPLIFIER OUTPUT OFFSET 
USING BODY BIASING IN MOS TRANSISTORS 

FIELD OF THE INVENTION 

[0001] The present invention relates to the ?eld of ampli 
?er and comparator circuits Which are implemented utilizing 
a differential ampli?er. More particularly, the present inven 
tion relates to the ?eld of ampli?er and comparator circuits 
utilizing a differential ampli?er and having a controllable 
output offset. 

BACKGROUND OF THE INVENTION 

[0002] Differential ampli?ers are commonly utiliZed for 
amplifying signals and for comparing signal levels. FIG. 1 
illustrates a conventional differential ampli?er circuit. A 
high potential supply Vcc is coupled to a source of a PMOS 
transistor M1 and to a source of a PMOS transistor M2. A 
drain of the transistor M1 forms an inverting output terminal 
of the differential ampli?er and is coupled to a drain of an 
NMOS transistor M3. A drain of the transistor M2 forms a 
non-inverting output terminal of the differential ampli?er 
and is coupled to a gate of the transistor M1, to a gate of the 
transistor M2 and to a drain of an NMOS transistor M4. A 
gate of the transistor M3 forms a non-inverting input of the 
differential ampli?er, While a gate of the transistor M4 forms 
an inverting input of the differential ampli?er. A source of 
the transistor M3 and a source of the transistor M4 are 
coupled together and to ?rst terminal of a current source II. 
A second terminal of the current source I1 is coupled to a 
loW potential supply V55. 

[0003] The current source I1 provides bias current for the 
transistors M1, M2, M3 and M4. An input signal Vin+ is 
applied to the gate of the transistor M3, While an input signal 
Vin- is applied to the gate of the transistor M4. Together, the 
signals Vin+ and Vin- form an input differential signal 
[(Vin+)—(Vin-)]. In response to the input differential signal, 
an output signal Voutl is formed on the output terminal of 
the differential ampli?er. Over a limited range of values for 
the input differential signal, the output signal Voutl is 
representative of the input differential signal multiplied by a 
gain factor of the differential ampli?er. Under such condi 
tions, the differential ampli?er acts as a linear ampli?er. 
Outside this limited range of input values, the output Voutl 
of the differential ampli?er reaches a limiting value [ie 
nearly (Vcc) or (Vss)], depending upon the relative levels of 
the signals Vin+ and Vin—. Under such conditions, the 
differential ampli?er acts as a level comparator. 

[0004] When the input signals Vin+ and Vin- are equal, 
then the input differential signal is Zero. Under such condi 
tions, the output signal Voutl should also be Zero. In 
practice, hoWever, the output Voutl is typically non-Zero. 
The output voltage formed When the input differential volt 
age is Zero is knoWn as output offset voltage. The output 
offset voltage is typically caused by process variations in the 
transistors Which form the differential ampli?er. When the 
differential ampli?er is utiliZed as a linear ampli?er, the 
output offset contributes to errors in the level of the output 
signal Voutl. When the differential ampli?er is utiliZed as a 
level comparator, the output offset can result in the output 
Voutl incorrectly indicating the result of the comparison, 
especially When the signal levels to be compared are close 
in value. Therefore, the output offset is ideally Zero. 
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[0005] Initial adjustment procedures are typically under 
taken during the manufacture of an integrated circuit Which 
includes a differential ampli?er in order to reduce or elimi 
nate the output offset voltage of the differential ampli?er. 
For example, fuses are bloWn or laser trimming is employed 
in order to adjust resistance values of load resistors placed 
in series With the transistors of the differential ampli?er. An 
alternate approach has been to include one or more pins in 
the integrated circuit by Which the output offset voltage is 
adjusted by resistor selection or potentiometer adjustment at 
the time of printed circuit board manufacture. HoWever, the 
output offset voltage may vary over time, and With tempera 
ture and supply voltage levels, thereby reducing the effec 
tiveness of these initial adjustment techniques. 

[0006] Another prior technique for reducing the output 
offset voltage has been to provide a voltage source Which 
adds to or subtracts from the input differential signal. For 
eXample, a ?rst terminal of the voltage source receives the 
input voltage Vin+ (FIG. 1), While a second terminal of the 
voltage source is coupled to the gate of the transistor M3 
(FIG. 1). The output signal Voutl can be fed back through 
an integrator to adjust the voltage source in such a manner 
as to reduce or eliminate the output voltage offset. This 
technique has a draWback in that it can be dif?cult to 
implement. 

[0007] Therefore, What is needed is an improved tech 
nique for reducing or eliminating the output offset voltage of 
a differential ampli?er. 

SUMMARY OF THE INVENTION 

[0008] The invention is an apparatus for and a method of 
controlling ampli?er output offset using body biasing in 
MOS transistors. An ampli?er in accordance With the 
present invention includes a differential input stage having a 
pair of input MOS transistors. The pair of input MOS 
transistors are formed having isolated bodies. A differential 
input signal is applied across the gates of the input MOS 
transistors. Each of the input MOS transistors is appropri 
ately biased and loaded. More particularly, the input MOS 
transistors are preferably NMOS transistors Whose drains 
are coupled to a pair PMOS transistors. The pair of PMOS 
transistors are coupled to a high potential supply and form 
an active load for the input NMOS transistors. A ?rst current 
source coupled to the sources of the input NMOS transistors 
and to a loW potential supply serves to bias the input NMOS 
transistors. 

[0009] An output of the ampli?er is derived from a voltage 
formed at the drain of one of the input MOS transistors. 
More particularly, a single-ended output stage of the ampli 
?er includes an output transistor Where a gate of the output 
transistor is coupled to the drain of one of the input MOS 
transistors. The output transistor is preferably a PMOS 
transistor Whose source is coupled to the high potential 
supply and Whose drain is coupled to a second current 
source. The second current source biases the output transis 
tor. An output node for the ampli?er is formed at the drain 
of the output transistor. 

[0010] A feedback loop includes an integrator and a feed 
back ampli?er. The integrator receives an output signal from 
the output node and integrates the output signal, thereby 
forming an integrated output signal. The integrated output 
signal is applied to a ?rst input of the feedback ampli?er, 
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While a reference voltage is applied to a second input of the 
feedback ampli?er. The reference voltage is representative 
of a desired quiescent or dc level for the output signal. An 
output of the feedback ampli?er is coupled to control the 
voltage of the body of one of the pair of input MOS 
transistors. The body of the other one of the pair of input 
MOS transistors is preferably coupled to its source. 

[0011] According to the present invention, the threshold 
voltage of the input transistor having its body coupled to the 
feedback ampli?er is controlled in such a manner as to 
reduce or eliminate the offset voltage. More particularly, 
assume that the gate of input transistor having its body 
coupled to the feedback ampli?er is a non-inverting input of 
the ampli?er. In Which case, When the integrated output 
signal is loWer than the reference voltage, the feedback loop 
Will tend to increase the voltage applied to the body of the 
input transistor having its body coupled to the feedback 
ampli?er. As a result, the output voltage tends to rise, Which 
tends to increase the integrated output signal. Conversely, 
When the integrated output signal is higher than the refer 
ence voltage, the feedback loop tends to reduce the voltage 
applied to the body of the input transistor having its body 
coupled to the feedback ampli?er. As a result, the output 
voltage tends to fall, Which tends to reduce the integrated 
output signal. Thus, a quiescent or dc level of the output 
signal tends to be equal to the level of the reference voltage. 
This quiescent or dc level can be set to Zero volts or to a 
non-Zero level. Atime constant associated With the feedback 
loop is sufficiently long that frequencies of interest for the 
input differential signal pass to the output of the ampli?er 
after being ampli?ed according to its gain and Without 
affecting the bias voltage formed by the feedback loop. 

[0012] Acomparator in accordance With the present inven 
tion differs from the ampli?er described above in that the 
integrator and feedback ampli?er are omitted and, instead, a 
second reference voltage is applied directly to the body of 
the input transistor having its body voltage controlled. The 
offset voltage is reduced or eliminated by adjusting the 
second reference voltage. The signals to be compared are 
applied to the gates of the input transistors. Because the 
offset voltage is reduced, the output voltage accurately 
represents the relative levels of the input signals, even When 
the signals to be compared are close in value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 illustrates a conventional differential ampli 
?er circuit. 

[0014] FIG. 2 illustrates an ampli?er circuit in accordance 
With the present invention. 

[0015] FIG. 3 illustrates a comparator circuit in accor 
dance With the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0016] FIG. 2 illustrates an ampli?er circuit in accordance 
With the present invention. A high potential supply Vcc is 
coupled to a source of a PMOS transistor M5, to a source of 
a PMOS transistor M6 and to a source of a PMOS transistor 
M7. A drain of the transistor M5 is coupled to a gate of the 
transistor M7 and to a drain of an NMOS transistor M8. A 
drain of the transistor M6 is coupled to a gate of the 
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transistor M5, to a gate of the transistor M6 and to a drain 
of an NMOS transistor M9. Agate of the transistor M8 forms 
a non-inverting input of the ampli?er, While a gate of the 
transistor M9 forms an inverting input of the ampli?er. The 
transistors M8 and M9 are formed in tubs such that their 
bodies are isolated and can be independently biasedAsource 
of the transistor M8 is coupled to a source of the transistor 
M9, to the body of the transistor M9 and to a ?rst terminal 
of a current source I2. A second terminal of the current 
source I2 is coupled to a loW potential supply Vss. The 
current source I2 provides bias current for the transistors 
M5, M6, M8 and M9. 

[0017] The transistors M8 and M9 form a differential input 
pair While the transistors M5 and M6 form an active load for 
the differential input pair M8, M9. Together, the transistors 
M5, M6, M8 and M9 and the current source I2 form a 
differential input stage of the ampli?er. It Will be apparent 
that the differential input stage of the present invention can 
be altered While achieving the principal advantages of the 
present invention. For eXample, the body of the transistor 
M9 can alternately to coupled to the loW potential supply 
Vss or to ground. Alternately, the active load M5, M6 can be 
replaced With a passive or resistive load. Further, the input 
transistors M8 and M9 can be replaced With PMOS transis 
tors With appropriate modi?cations. 

[0018] A drain of the transistor M7 forms an output of the 
ampli?er and is coupled to a ?rst terminal of a current source 
I3 and to a ?rst terminal of a resistor R1. A second terminal 
of the current source I3 is coupled to the loW potential 
supply Vss. The current source I3 provides bias current for 
the transistor M7. Together, the transistor M7 and the current 
source I3 form a single-ended output stage of the ampli?er. 
It Will be apparent that the output stage of the present 
invention can be altered While achieving the principal 
advantages of the present invention. For eXample, the output 
stage can be coupled to the drain of the transistor M9 in 
addition to, or instead of, being coupled to the drain of M8. 

[0019] In the preferred embodiment, the current source I2 
draWs tWice the level of current draWn by the current source 
I3. For eXample, the current source I2 draWs 20 uA of 
current While the current source draWs 10 uA of current. In 
addition, the transistors M5, M6 and M7 preferably have 
equal channel Widths and lengths and the transistors M8 and 
M9 preferably have equal channel Widths and lengths. For 
eXample, the transistors M5, M6 and M7 each have a 
channel Width of 5 um and a channel length of 1 um While 
the transistors each have a channel Width of 2 um and a 
channel length of 1 um. It Will be apparent, hoWever, that 
other values can be selected for the current sources I2 and I3 
and that other dimensions can be selected for the transistors 
M5-M9. 

[0020] A second terminal of the resistor R1 is coupled to 
a ?rst terminal of a capacitor C1 and to an inverting input of 
an ampli?er A1 (feedback ampli?er). A non-inverting input 
of the ampli?er A1 is coupled to receive a reference voltage 
Vref1. The reference voltage Vref1 can be generated by 
conventional techniques. An output of the ampli?er A1 is 
coupled to the body of the transistor M8 and to a second 
terminal of the capacitor C1. Thus, the ampli?er A1 gener 
ates a bias voltage Which is applied to the body of the 
transistor M8. Though, in the preferred embodiment, the 
body of the transistor M8 is controlled by the ampli?er A1, 
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it Will be apparent that the body of the transistor M9 could 
be controlled by the ampli?er A1, With appropriate modi? 
cations. 

[0021] An input signal Vin+ is applied to the gate of the 
transistor M8, While an input signal Vin- is applied to the 
gate of the transistor M9. Together, the signals Vin+ and 
Vin- form an input differential signal [(Vin+)—(Vin-)]. In 
response to the input differential signal, an output signal 
Vout2 is formed at the drain of the transistor M7. The output 
signal Vout2 is representative of the input differential signal 
multiplied by a gain factor of the ampli?er. For example, 
When the input signal Vin+ is increased in relation to the 
input signal Vin—, the level of the current ?oWing through 
the transistor M8 is increased, While the level of current 
?oWing through the transistor M9 is decreased by a corre 
sponding amount. In response, a voltage applied to the gate 
of the transistor M7 is decreased and the output voltage 
Vout2 is increased. Conversely, When the input signal Vin+ 
is decreased in relation to the input signal Vin—, the level of 
current ?oWing through the transistor M8 is decreased, 
While the level of current ?oWing through the transistor M9 
is increased by a corresponding amount. In response, the 
voltage applied to the gate of the transistor M7 is increased 
and the output voltage Vout2 is decreased. 

[0022] The output voltage Vout2, can be given as: 

[0023] Where K is the gain of the ampli?er circuit (an 
eXemplary value of K is 105); VGSM8 is the gate-to-source 
voltage of the transistor M8; VTM8 is the threshold voltage 
of the transistor M8; VGSM9 is the gate-to-source voltage of 
the transistor M9; and VTM9 is the threshold voltage of the 
transistor M9. When the input differential voltage is Zero, 
then VGSM8=VGSM9. In Which case, the output voltage 
Vout2 can be given as: 

[0024] If the threshold voltages VTM8 and VTM9 are 
matched, then Vout2 is Zero. Unless appropriate steps are 
taken, hoWever, the transistors M8 and M9 can have thresh 

old voltage differences in the range of a feW millivolts Assuming the gain K is 105, a threshold difference of 1 mV 

(105-3 volts) Would result in an output offset of 100 volts 
(10 x10“3 volts =100 volts). This output offset voltage Would 
likely eXceed the supply voltages Vcc, Vss and, thus, Would 
likely drive the output voltage Vout2 to one of the supply 
rails. 

[0025] In accordance With the present invention, the 
threshold voltage of the transistor M8 is controlled by a 
feedback loop to be substantially equal to the threshold 
voltage of the transistor M9, thus, reducing the output offset 
voltage for the ampli?er. The feedback loop includes the 
resistor R1, the capacitor C1 and the ampli?er A1. The 
resistor R1 and the capacitor C1 form an integrator Which 
integrates the output voltage Vout2 over time, thereby form 
ing an integrated output signal Vint. Thus, the integrated 
output signal Vint is representative of the output voltage 
Vout2. The resistor R1 and the capacitor C1 can also be 
thought of as forming a ?lter Which averages the output 
voltage Vout2 over time. The values of the resistor R1 and 
C1 determine a time constant associated With the integrator 
and, thus, a time constant associated With the feedback loop. 
The integrated output signal Vint is applied to the inverting 
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input of the ampli?er A1, While the reference voltage Vref1 
is applied to the non-inverting input of the ampli?er A1. A 
difference betWeen the integrated output signal Vint and the 
reference voltage Vref1 is appropriately ampli?ed by the 
ampli?er A1 and applied to the body of the transistor M8. 

[0026] The threshold voltage of the transistor MS can be 
given as: 

[0027] Where VTO is the threshold voltage of the transistor 
MS with Zero source-to-body bias; y is the body-effect 
parameter Which is a function of properties of the transistor 
M8; (pf is a semiconductor parameter; and VSB is the source 
to-body voltage (bias) applied to the transistor M8. From 
this relationship, it can be seen that the threshold voltage 
VTM8 for the transistor M8 is controlled by controlling its 
source-to-body voltage VSB. More particularly, by increas 
ing VSB, VTM8 is decreased and by decreasing VSB, VTM8 is 
increased. Because the output of the ampli?er A1 is coupled 
to the body of the transistor M8, the ampli?er A1 controls 
the source-to-body voltage VSB of the transistor M8. 
[0028] Assume that Vin+ and Vin- are initially equal and 
that Vint is initially Zero volts. Under these conditions, an 
output offset voltage Would be eXpected at the output Vout2. 
The output offset is then integrated by the resistor R1 and the 
capacitor C1, thereby forming the signal Vint. Assume also 
that this signal Vint is greater than Vref1. As a result, the bias 
voltage VSB of the transistor M8 is decreased, Which 
increases its threshold voltage VTMs. This tends to reduce 
the output voltage Vout2. Conversely, assume that Vint is 
less than Vref1. As a result, the bias voltage VSB of the 
transistor is increased, Which decreases its threshold voltage 
VTM8. This tends to increase the output voltage Vout2. 
Accordingly, the present invention operates to control the 
output offset voltage such it is equal the reference voltage 
Vref1. According to an embodiment of the present invention, 
the reference voltage Vref1 is set to Zero volts. In Which 
case, the quiescent or dc level of the output voltage Vout2 is 
Zero volts. 

[0029] According to an alternate embodiment, the refer 
ence voltage Vref1 is set to a desired offset or dc level Which 
is other than Zero volts. In Which case, the present invention 
operates to control the output voltage Vout2 to a non-Zero 
quiescent or dc level Which is equal to the reference voltage 
Vref1. As an example, this technique can be used to adjust 
the quiescent output level of each stage in a multiple-stage 
cascaded ampli?er so as to eliminate the need for coupling 
capacitors inserted betWeen the ampli?er stages. 
[0030] The time constant associated With the integrator is 
set by selecting the values of R1 and C1. For eXample, R1 
can be 100 kohms and the capacitor C1 can be 1 nf, though 
it Will be apparent that other values for R1 and C1 can be 
selected. The time constant for the integrator affects the 
speed at Which the feedback loop alters the bias voltage VSB 
of the transistor M8. Preferably, this time constant is selected 
to be sufficiently long that the signals Vin+ and Vin- are 
eXpected to be Within a range of frequencies Which Will not 
affect the bias voltage of the transistor M8. Though the 
integrator is illustrated in FIG. 2 as being implemented by 
the resistor R1 and the capacitor C1, it Will be apparent that 
the integrator can be altered. For eXample, the second 
terminal of the capacitor C1 can be coupled to a ?Xed 
potential, such as the ground node, rather than to the output 
of the ampli?er A1. Alternately, the output signal Vout3 can 
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be digitally sampled and the samples integrated according to 
digital techniques. Further, it Will be apparent that the 
integrator can be implemented utiliZing sWitched-capacitor 
techniques. 
[0031] FIG. 3 illustrates a comparator circuit in accor 
dance With the present invention. Like the ampli?er illus 
trated in FIG. 2, the comparator illustrated in FIG. 3 
includes a differential ampli?er input stage and an output 
stage. The comparator illustrated in FIG. 3 differs from the 
ampli?er illustrated in FIG. 2 in that the integrator, includ 
ing R1 and C1, and the feedback ampli?er A1 are omitted 
and, instead, a reference voltage Vref2 is applied directly to 
the body of the input transistor M8. The reference voltage 
Vref2 can be generated by conventional techniques. Signals 
V1 and V2 to be compared by the comparator are applied to 
the gates of the input transistors M8 and M9, respectively. 
An output voltage Vout3 formed by the comparator can be 
at either of tWo logic levels, depending upon Which of the 
signals V1, V2 is higher than the other. An offset voltage of 
the comparator is reduced or eliminated by adjusting the 
reference voltage Vref2. Because the offset voltage is 
reduced, the output voltage Vout3 of the comparator cor 
rectly indicates the relative levels of the input signals V1, V2 
even When the input signals V1, V2 are close in value. 

[0032] The present invention has been described in terms 
of speci?c embodiments incorporating details to facilitate 
the understanding of the principles of construction and 
operation of the invention. Such reference herein to speci?c 
embodiments and details thereof is not intended to limit the 
scope of the claims appended hereto. It Will be apparent to 
those skilled in the art that modi?cations may be made in the 
preferred embodiment chosen for illustration Without 
departing from the spirit and scope of the invention. 

What is claimed is: 
1. An apparatus for controlling a threshold voltage of a 

MOS transistor, the apparatus comprising: 
a. a MOS transistor having a body; and 

b. a voltage generator coupled to the body for forming a 
bias voltage at the body Wherein a level of the bias 
voltage controls the threshold voltage of the MOS 
transistor. 

2. The apparatus according to claim 1 Wherein the bias 
voltage is controlled in a feedback loop. 

3. The apparatus according to claim 2 Wherein the feed 
back loop includes an integrator for integrating a signal 
formed by the transistor thereby forming an integrated 
signal. 

4. The apparatus according to claim 3 Wherein the bias 
voltage is representative of a difference betWeen the inte 
grated signal and a reference voltage. 

5. The apparatus according to claim 4 Wherein the refer 
ence voltage is representative of a quiescent level for the 
signal formed by the transistor. 

6. The apparatus according to claim 5 Wherein the signal 
formed by the transistor is formed in response to a input 
signal applied to a gate of the transistor. 

7. An apparatus for controlling an output offset of an 
ampli?er, the apparatus comprising: 

a. a MOS transistor having a body; and 

b. a voltage generator coupled to the body for forming a 
bias voltage at the body Wherein the bias voltage is 
representative of an output signal of the ampli?er. 
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8. The apparatus according to claim 7 Wherein the output 
offset of the ampli?er is controlled according to a level of the 
bias voltage. 

9. The apparatus according to claim 8 further comprising 
an integrator coupled to the voltage generator for integrating 
the output signal, thereby forming an integrated signal, and 
for providing the integrated signal to the voltage generator. 

10. An apparatus for controlling output offset of an 
ampli?er, the apparatus comprising: 

a. a MOS transistor having a body; and 

b. a voltage generator coupled to the body for forming a 
bias voltage at the body Wherein a level of an output 
signal of the ampli?er is controlled according to a level 
of the bias voltage. 

11. The apparatus according to claim 10 Wherein the bias 
voltage is controlled in a feedback loop. 

12. The apparatus according to claim 11 Wherein the 
feedback loop includes an integrator for integrating the 
output signal thereby forming an integrated signal. 

13. The apparatus according to claim 12 Wherein the bias 
voltage is representative of a difference betWeen the inte 
grated signal and a reference voltage. 

14. The apparatus according to claim 13 Wherein the 
reference voltage is representative of a desired output offset 
of the ampli?er. 

15. The apparatus according to claim 14 Wherein the 
output signal of the ampli?er is formed in response to a input 
signal applied to a gate of the transistor. 

16. An apparatus including a differential ampli?er, the 
apparatus comprising: 

a. a differential ampli?er having input pair of MOS 
transistors including a ?rst MOS transistor having a 
body and a second MOS transistor having a body; 

b. an output stage coupled to the input pair for forming an 
output of the ampli?er; and 

c. a voltage generator coupled to the body of the ?rst MOS 
transistor for forming a bias voltage at the body of the 
?rst transistor. 

17. The apparatus according to claim 16 Wherein the body 
of the second MOS transistor is coupled to its source. 

18. The apparatus according to claim 16 Wherein the 
output stage comprises a third MOS transistor having its 
gate coupled to a drain of the ?rst MOS transistor and 
Wherein the output of the ampli?er is formed at a drain of the 
third MOS transistor. 

19. The apparatus according to claim 16 Wherein the bias 
voltage is controlled in a feedback loop. 

20. The apparatus according to claim 19 Wherein the 
feedback loop includes an integrator for integrating the 
output signal thereby forming an integrated signal. 

21. The apparatus according to claim 20 Wherein the bias 
voltage is representative of a difference betWeen the inte 
grated signal and a reference voltage. 

22. The apparatus according to claim 21 Wherein the 
reference voltage is representative of a desired output offset 
of the ampli?er. 

23. The apparatus according to claim 22 Wherein the 
desired output offset of the ampli?er is non-Zero. 
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24. The apparatus according to claim 22 wherein a 
differential input signal is applied to the input transistors. 

25. The apparatus according to claim 16 Wherein an offset 
voltage associated With the differential arnpli?er is adjusted 
by adjusting a level of the bias voltage. 

26. The apparatus according to claim 25 Wherein a signals 
to be compared to each other are applied to the input 
transistors, one signal to be compared for each of the input 
transistors, and Wherein the output signal is indicative of 
Which of the signals to be compared is higher than the other. 

27. Arnethod of controlling a differential arnpli?er output 
offset, the method comprising steps of: 

a. receiving an input signal via a pair of input MOS 
transistors including a ?rst MOS transistor having a 
body and a second MOS transistor having a body; 

b. forming an output signal representative of the input 
signal; and 

c. biasing the body of the ?rst MOS transistor according 
to a level of the output signal. 
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28. The method according to claim 27 further comprising 
a step of coupling the body of the second MOS transistor to 
its source. 

29. The method according to claim 27 Wherein the step of 
biasing includes a step of forming a bias voltage With a 
feedback loop. 

30. The method according to claim 29 Wherein the step of 
biasing further comprises a step of integrating the output 
signal thereby forming an integrated signal. 

31. The method according to claim 30 Wherein the bias 
voltage is representative of a difference betWeen the inte 
grated signal and a reference voltage. 

32. The method according to claim 31 Wherein the refer 
ence voltage is representative of a desired output offset of 
the arnpli?er. 

33. The method according to claim 32 Wherein the output 
signal of the arnpli?er is formed in response to a input signal 
applied to a gate of the transistor. 

* * * * * 


