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AMPLIFIER OFFSET AND NOISE REDUCTION IN A MULTISTAGE SYSTEM

[0001] The invention relates generally to multistage amplifier system and, more
particularly, to multistage amplifier system having reduced noise and offset.

BACKGROUND

[0002] FIG. 1 shows a conventional two-stage amplifier system 100 can be seen. System
100 generally comprise a first stage 102 and a second stage 104 (which are each generally
inverting amplifiers). As can be seen, resistor networks (resistors R1/R1 and resistors R3/R4)
are coupled between the negative input terminals and output terminals of operational amplifiers
106 and 108, respectively, so that stage 102 can receive the input signal VIN and that stage 104
can receive output signal VOUT1. Additionally, offset voltage source 110 and 112 provide
offset voltages VOS1 and VOS2 to operational amplifiers 106 and 108, respectively. Each of the
voltage sources 110 and 112 (which include the internal offsets of amplifiers 106 and 108) are
also coupled to supply rail 114 (which is generally at ground).

[0003] Because of the configuration of system 100 offset and noise contributions from
voltage source 110 can significantly affect the output signal VOUT2. For the amplifier stage
102, output signal VOUT1I can be represented as follows:

(1) VOoUT1= _R—Rlz(VIN ~VOS1)+VOS1

Additional, amplifier stage 104, output signal VOUT?2 can be represented as follows:

2) VoUT2= _R—I?(VOUTI—VOSZ)+ VOS2

Now, substituting equation (1) into equation (2), output signal VOUT2 becomes:

VOUT?2 = _R—I?(_TI?(VIN ~VOS1)+VOS1 - Vosz) +VO0S2

®) : _
_RER2y  ZRATR2 L osi—vosz |+ vos?
R3-RI R3 \\RI
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Equation (3) can also be expressed as a function of offset voltage VOS1 (where offset voltage

VOS2 is about 0):

R4-R2 —R4( R2
4) VOoUT?2 = VIN + ——| —+1 [VOS1

R3-R1 R1
When resistor R1 is coupled to a block capacitor (AC coupled), the input signal VIN is equal to
offset voltage VOS1, reducing equation (3) as follows:

VOUT2=_R—R34(VOSI—VOSZ)+VOS2

&)
= 1+R—4 VOSZ—R—4VOSI
R3 R3

So, it can clearly be see from the DC coupled and AC coupled cases of equations (3) through (5),
respectively, that noise and offset contributions in output voltage VOUT2 from offset voltage
VOSI can be significant. Thus, system 100 may require the use of trim circuit or better device
matching to reduce the noise and offset contributions from offset voltage VOSI.

[0004] Some other conventional designs are described in: U.S. Patent Nos. 3,899,743;
5,257,285; 6,642,783; 7,132,882; and U.S. Patent Publ. No. 2006/0279344.

SUMMARY

[0005] An example embodiment of the invention provides an comprising a first amplifier
stage having an input terminal and an output terminal, wherein the first amplifier receives an
input signal at its input terminal, and wherein the first amplifier stage includes a first offset
voltage source that provide a first offset voltage to the first amplifier stage and that is coupled to
a supply rail; and a second amplifier stage having an input terminal and an output terminal,
wherein the input terminal of the second amplifier stage is coupled to the output terminal of the
first amplifier stage, and wherein the second amplifier offset includes a second offset voltage
source that provides a second offset voltage to the second amplifier stage, and wherein the
second offset voltage source is coupled to the first amplifier stage so as to substantially reduce

noise contribution from the first offset voltage.
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[0006] In accordance with an example embodiment of the invention, the first and second
amplifiers stages further comprise a first inverting amplifier and a second inverting amplifier,
respectively.

[0007] In accordance with an example embodiment of the invention, the first inverting
amplifier further comprises: an operational amplifier having a first input terminal, a second input
terminal, and an output terminal, wherein the second offset voltage source is coupled to the first
input terminal of the operational amplifier, and wherein the first voltage offset source is coupled
to the second input terminal of the operational amplifier; and a resistor network coupled to the
input terminal of the first inverting amplifier, the first input terminal of the operational amplifier,
and the output terminal of the operational amplifier.

[0008] In accordance with an example embodiment of the invention, the resistor network
further comprises a plurality of resistors coupled in series with one another.

[0009] In accordance with an example embodiment of the invention, the first input
terminal of the operational amplifier is a negative input terminal, and wherein the second input
terminal of the operational amplifier is a positive input terminal.

[0010] In accordance with an example embodiment of the invention, the second
inverting amplifier further comprises: an operational amplifier having a first input terminal, a
second input terminal, and an output terminal, wherein the second voltage offset source is
coupled to the second input terminal of the operational amplifier; and a resistor network coupled
to the output terminal of the first inverting amplifier, the first input terminal of the operational
amplifier, and the output terminal of the operational amplifier.

[0011] In accordance with an example embodiment of the invention, the first input
terminal of the operational amplifier is a negative input terminal, and wherein the second input
terminal of the operational amplifier is a positive input terminal.

[0012] In accordance with an example embodiment of the invention, an apparatus is
provided. The apparatus comprises a first inverting amplifier having: a first resistor that receives
an input signal; a first operational amplifier having a positive input terminal, an negative input
terminal, and an output terminal, wherein the negative input terminal is coupled to the first
resistor; a second resistor that is coupled between the output terminal of the first operational
amplifier and the negative input terminal of the first operational amplifier; and a first offset

voltage source that is coupled between the positive input terminal of the first operational
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amplifier and ground; and a second inverting amplifier having: a third resistor that is coupled to
the output terminal of the first operational amplifier; a second operational amplifier having a
negative input terminal, a positive input terminal, and an output terminal, wherein the negative
input terminal of the second operational amplifier is coupled to the third resistor; a fourth resistor
that is coupled between the output terminal of the second operational amplifier and the negative
input terminal of second operational amplifier; and a second offset voltage source that is coupled
between the positive input terminal of the second operational amplifier and the negative input
terminal of the first operational amplifier.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Example embodiments are described with reference to accompanying drawings,
wherein:

[0014] FIG. 1 is an example of a conventional multistage system; and

[0015] FIG. 2 is an example of a multistage system in accordance with an example

embodiment of the invention.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0016] FIG. 2 illustrates a multistage system 200 in accordance with an example
embodiment of the invention. System 200 generally comprises amplifiers stages 202 and 204
(which are generally inverting amplifiers). When compared to system 100, system 200 has the
same general components. One difference, however, is the coupled to voltage source 112 and
the negative input terminal of operational amplifier 106 instead of supply rail 114. By making
this change, the output voltage VOUT1 is represented as follows:

6) VOoUT2= _R—R34(VOUT1 — (VOS1+VO0S2))+ (VOS1+VOS?2)

If equation (1) is substituted into equation (6), it becomes:

VOUT?2 =

—RA(-R2

—1 7(VIN —VOS1)+ VOS1— (VOS1+VOS2) |+ (VOS1+V0S?2)
(7 = _R_I?(_TRIZ (VIN —vos1)- Vasz) +(VOS1+V0S2)

_RER2 BB os1-vos? + (VOS1+VO0S?2)
R3-R1 R3 \RI
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Equation (7) can also be expressed as a function of offset voltage VOS1 (where offset voltage

VOS2 is about 0):

vourz =R+ R2 1 ZRYR2h6) tvost
R3-RI1 R1
(8)
_R&-R2 [ RER23, 56
R3-R1 Rl

Additionally, when resistor R1 is coupled to a block capacitor (AC coupled), the input signal
VIN is equal to offset voltage VOS1, reducing equation (7) as follows:

9) VOUT?2 = %VOSZ-F (VOS1+VO0S2) = (2—:+1)V052+ VOS1

As can clearly be seen by comparing equation (5) to equation (9) and equation (4) to equation
(8), offset contributions from offset voltage VOSI in output signal VOUT?2 can be significantly
reduced. Additionally, for noise contributions, the same analysis would apply to a noise
analysis, leading a reduced noise in system 200 as compared to system 100.

[0017] As an example, these types of cascaded arrangements are typically used for single

ended to differential conversion, where the differential output voltage Vourpig is:

(10)  Voyrpy =VOUT1=VOUT?2

One can substitute equation (1) and (2) (for the conventional system 100) into equation (10) to

arrive at the differential output voltage Vourpigr, Which becomes:

Voumng =VOUT1-VOUT2 = VOU1+I;—:(VOUT1 ~V0S§2)-V0S2
(142 vouri -1+ 8 vos2
R3 R3

1y = 1+ R4 _—RZ(VIN—VOSI)+VOSI (142 os2
R3 A RI R3

_—R2(, R4 R2(, R4 R4 R4

= 1+— [VIN+—| 1+— |VOS1+|1+— [VOS1—| 1+— VOS2
R1 R3 Rl R3 R3 R3

TR B i s (14 22 ) 14 B osi-[ 1422 vos2
R\ R3 RIN" " R3 k3

Alternatively, one can substitute equation (1) and (6) (for the system 200) into equation (10) to

arrive at the differential output voltage Vourpist, which becomes:
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V.

oUTDIff

=VOUT1-VOUT2 = VOUT1 +§—:(VOUT1— (VOS1+V0S2))-(VOS1+V0S2)
(1428 vouri-[1+ 84 (VOS1+V0S2)
R3 R3

= (1 X 4)(‘—” (VIN -vVOS1)+ v051) - (1 + R—4](v051 +V0S2)

(12) R3\ RI R3
R R iy (1 BN 1 B2 host -1+ 22\ wost + vos?)
R1 R3) R3 RI R3
_ —-R2 1+R_4 VIN+R_2 1+R_4 VOS1+ 1+R—4 VOS1- 1+R—4 VOS1— 1+R—4 VOS2
RU R TRIU R R3 R3 R3
IR RN e B2 R s — (14 K4 os2
R1 R3) RI\ R3 R3

Comparing equations (11) and (12), the input signal VIN and offset voltage VOS2 contributions
are clearly the same for both, whereas the offset voltage VOS1 contribution is significantly
reduced. Additionally, because (in a differential to single ended conversion) the ratio of resistors
R4/R3 is generally 1. Equations (11) and (12) can be rewritten as follows (where the input
signal VIN and offset voltage VOS2 contributions have been dropped):

R2
(13) VOUTDiJj‘ = (2+2EJVOSI

R2
Voo =2-—VOS1
(14 OUTDIff Rl

Clearly, system 200 has superior performance over system 100.

[0018] Embodiments having different combinations of one or more of the features or
steps described in the context of example embodiments having all or just some of such features
or steps are intended to be covered hereby. Those skilled in the art will appreciate that many

other embodiments and variations are also possible within the scope of the claimed invention.
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CLAIMS

What is claimed is:

1. An apparatus comprising:

a first amplifier stage having an input terminal and an output terminal, wherein the first
amplifier receives an input signal at its input terminal, and wherein the first amplifier stage
includes a first offset voltage source that provide a first offset voltage to the first amplifier stage
and that is coupled to a supply rail; and

a second amplifier stage having an input terminal and an output terminal, wherein the
input terminal of the second amplifier stage is coupled to the output terminal of the first amplifier
stage, and wherein the second amplifier offset includes a second offset voltage source that
provides a second offset voltage to the second amplifier stage, and wherein the second offset
voltage source is coupled to the first amplifier stage so as to substantially reduce noise

contribution from the first offset voltage.

2. The apparatus of Claim 1, wherein the first and second amplifiers stages further

comprise a first inverting amplifier and a second inverting amplifier, respectively.

3. The apparatus of Claim 2, wherein the first inverting amplifier further comprises:

an operational amplifier having a first input terminal, a second input terminal, and an
output terminal, wherein the second offset voltage source is coupled to the first input terminal of
the operational amplifier, and wherein the first voltage offset source is coupled to the second
input terminal of the operational amplifier; and

a resistor network coupled to the input terminal of the first inverting amplifier, the first

input terminal of the operational amplifier, and the output terminal of the operational amplifier.

4. The apparatus of Claim 3, wherein the resistor network further comprises a

plurality of resistors coupled in series with one another.
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S. The apparatus of Claim 4, wherein the first input terminal of the operational
amplifier is a negative input terminal, and wherein the second input terminal of the operational

amplifier is a positive input terminal.

6. The apparatus of Claim 2, wherein the second inverting amplifier further
comprises:

an operational amplifier having a first input terminal, a second input terminal, and an
output terminal, wherein the second voltage offset source is coupled to the second input terminal
of the operational amplifier; and

a resistor network coupled to the output terminal of the first inverting amplifier, the first

input terminal of the operational amplifier, and the output terminal of the operational amplifier.

7. The apparatus of Claim 6, wherein the resistor network further comprises a

plurality of resistors coupled in series with one another.

8. The apparatus of Claim 7, wherein the first input terminal of the operational
amplifier is a negative input terminal, and wherein the second input terminal of the operational

amplifier is a positive input terminal.

9. An apparatus comprising:
a first inverting amplifier having:

a first resistor that receives an input signal;

a first operational amplifier having a positive input terminal, an negative input
terminal, and an output terminal, wherein the negative input terminal is coupled to the first
resistor;

a second resistor that is coupled between the output terminal of the first
operational amplifier and the negative input terminal of the first operational amplifier; and

a first offset voltage source that is coupled between the positive input terminal of
the first operational amplifier and ground; and

a second inverting amplifier having:
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a third resistor that is coupled to the output terminal of the first operational
amplifier;

a second operational amplifier having a negative input terminal, a positive input
terminal, and an output terminal, wherein the negative input terminal of the second operational
amplifier is coupled to the third resistor;

a fourth resistor that is coupled between the output terminal of the second
operational amplifier and the negative input terminal of second operational amplifier; and

a second offset voltage source that is coupled between the positive input terminal
of the second operational amplifier and the negative input terminal of the first operational

amplifier.
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