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(57) Abstract: A first multiplexer (216-1) is coupled to a first input terminal (INP1/INP2) and a second multiplexer (216-2) is
coupled to a second input terminal (INM1/INM2) of a folded cascode differential amplifier (210) which includes transistors (Q1
through Q4) and current sources (222-228). Switching between differential input signals (INP1/INM1) and (INP2/INM2) is con-
trolled through a select signal SELECT provided by a controller (214). A reset mechanism includes a switch (Q5) coupled be-
tween output terminals (OUTP, OUTM) of amplifier (210) and controlled by a pulse generator (XOR gate 218 and delay circuit
220). On a rising or falling edge of the select signal SELECT, a pulse is provided to activate the switch (Q5) so as to briefly short
the output terminals (OUTP, OUTM). This avoids glitching and results in faster settling times.
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MULTIPLEXED AMPLIFIER WITH REDUCED GLITCHING

[0001] The invention relates generally to amplifiers and, more particularly, to residue
amplifiers.

BACKGROUND

[0002] Referring to FIG. 1A of the drawings, reference numeral 100 generally designates

a conventional analog-to-digital converter (ADC) 100. ADC 100 generally comprises several
stages 102-1 to 102-N, an ADC 106 (which is typically a flash ADC), and a digital output circuit
104. The stages 102-1 to 102-N are generally coupled in series with one another in a sequence,
where the first stage 102-1 receives the analog input signal and where each of the subsequent
stages 102-2 to 102-N receives a residue signal from the previous stage 102-1 to 102-(N-1),
respectively. ADC 106 is coupled to the last stage 102-N (receiving its residue signal). Based
on its input signal (either a residue signal or the analog input signal), stages 102-1 to 102-N and
ADC 106 are able to resolve a portion of the analog input signal, which is provided to digital
output circuit 104. Digital output circuit 104 can then perform error correction or other digital
processing to generate the digital output signal DOUT.

[0003] Turning now to FIGS. 1B and 1C, stages 102-1 to 102-N can be seen in greater
detail (which are referred to hereinafter as stage 102 for the sake of simplicity). Stage 102
generally comprises a track-and-hold (T/H) circuit 108 (i.e., T/H amplifier), ADC 110, digital-to-
analog converter (DAC) 112, adder 114, and a residue amplifier 116. In operation, the T/H
circuit 110 enters a track phase T during the logic high state of the clock signal CLK and a hold
phase H during the logic low state of the clock signal CLK. During the track phase T, the T/H
circuit samples its analog input signal SIN (which may be the analog input signal AIN or the
residue signal from the previous stage). During the hold phase H, the sampled signal is provided
to ADC 110 and adder 114. The ADC 110 resolves a portion of the signal SIN, providing the
resolved bits to digital output circuit 104 and DAC 112. DAC 112 converts the resolved bits to
an analog signal which is provided to adder 114. Adder 114 determines the difference between
the sampled signal and the analog signal from DAC, which is amplified by amplifier 116 and
output as a residue signal ROUT.
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[0004] There are some drawbacks to ADC 100. In particular, the residue amplifiers 116
for cach stage 102-1 to 102-N are operating at less than 50% duty cycle, which consumes an

excess amount of power. Therefore, it is desirable to have a reside amplifier that consumes less

power.
[0005] Some examples of other conventions circuits are given in U.S. Patent Nos.
3,877,023; 5,180,932; 6,218,887; and 6,489,845.

SUMMARY

[0006] An example embodiment of the invention, accordingly, provides an apparatus.

The apparatus comprises an amplifier having a first input terminal, a second input terminal, a
first output terminal, and a second input terminal; a first multiplexer that is coupled to the first
input terminal of the amplifier; a second multiplexer that is coupled to the second input terminal
of the amplifier; a switch that is coupled between the first and second output terminals of the
amplifier; a pulse generator that is coupled to the switch so as to control the switch; and a
controller that is coupled to the first multiplexer, the second multiplexer, and pulse generator,
wherein the controller provides a select signal to each of the first and second multiplexers, and
wherein the controller activates the pulse generator when the first and second multiplexers are
switched.

[0007] In accordance with an example embodiment of the invention, the pulse generator
further comprises: a logic circuit that is coupled to the controller so as to receive the select signal
and that is coupled to the switch; and a delay circuit that is coupled to the controller so as to
receive the select signal and that is coupled to the switch.

[0008] In accordance with an example embodiment of the invention, the logic circuit
further comprises a XOR gate.

[0009] In accordance with an example embodiment of the invention, the amplifier further
comprises: a first transistor having a first passive electrode, a second passive electrode, and a
control electrode, wherein the control electrode of the first transistor is coupled to the first
multiplexer; a second transistor having a first passive electrode, a second passive electrode, and a
control electrode, wherein the control electrode of the second transistor is coupled to the second
multiplexer, and wherein the first passive electrode of the second transistor is coupled to the first
passive electrode of the first transistor; a first current source that is coupled to the second passive

electrode of the first transistor; a second current source that is coupled to the second passive
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electrode of the second transistor; a first bias transistor that is coupled between the first currents
source and the first output terminal; and a second bias transistor that is coupled between the
second current source and the second output terminal.

[0010] In accordance with an example embodiment of the invention, the first and second
transistors are NPN transistors.

[0011] In accordance with an example embodiment of the invention, an apparatus is
provided. The apparatus comprises data converter circuitry; a first multiplexer that is coupled to
the data converter circuitry; a second multiplexer that is coupled to the data converter circuitry;
an amplifier having a first input terminal, a second input terminal, a first output terminal, and a
second input terminal, wherein the first multiplexer that is coupled to the first input terminal of
the amplifier, and wherein the second multiplexer that is coupled to the second input terminal of
the amplifier; a switch that is coupled between the first and second output terminals of the
amplifier; a pulse generator that is coupled to the switch so as to control the switch; and a
controller that is coupled to the first multiplexer, the second multiplexer, and pulse generator,
wherein the controller provides a select signal to each of the first and second multiplexers, and
wherein the controller activates the pulse generator when the first and second multiplexers are
switched.

[0012] In accordance with an example embodiment of the invention, the data converter
circuitry further comprises: a first track-and-hold (T/H) circuit; a second T/H circuit; a first
analog-to-digital converter (ADC) that is coupled to the first T/H circuit; a second ADC that is
coupled to the second T/H circuit; a first digital-to-analog converter (DAC) that is coupled to the
first ADC; a second DAC that is coupled to the second ADC; a first adder that is coupled to the
first DAC, the first T/H circuit, and the first multiplexer, wherein the first adder determines the
difference between the outputs of the first T/H circuit and the first DAC; and a second adder that
is coupled to the second DAC, the second T/H circuit, and the second multiplexer, wherein the
second adder determines the difference between the outputs of the second T/H circuit and the
second DAC.

[0013] In accordance with an example embodiment of the invention, an apparatus is
provided. The apparatus comprises a plurality of stages that are coupled in series with one
another in a sequence, wherein each stage receives an analog input signal or a residue signal

from the previous stage, and wherein ecach stage includes: data converter circuitry; a first
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multiplexer that is coupled to the data converter circuitry; a second multiplexer that is coupled to
the data converter circuitry; an amplifier having a first input terminal, a second input terminal, a
first output terminal, and a second input terminal, wherein the first multiplexer that is coupled to
the first input terminal of the amplifier, and wherein the second multiplexer that is coupled to the
second input terminal of the amplifier; a switch that is coupled between the first and second
output terminals of the amplifier; a pulse generator that is coupled to the switch so as to control
the switch; and a controller that is coupled to the first multiplexer, the second multiplexer, and
pulse generator, wherein the controller provides a select signal to each of the first and second
multiplexers, and wherein the controller activates the pulse generator when the first and second
multiplexers are switched; an ADC that is coupled to the last stage of the sequence; and a digital
output circuit that is coupled to the ADC and the data converter circuit for each stage.

[0014] The foregoing has outlined rather broadly the features and technical advantages of
the invention in order that the detailed description of the invention that follows may be better
understood. Additional features and advantages of the invention will be described hereinafter
which form the subject of the claims of the invention. It should be appreciated by those skilled in
the art that the conception and the specific embodiment disclosed may be readily utilized as a
basis for modifying or designing other structures for carrying out the same purposes of the
invention. It should also be realized by those skilled in the art that such equivalent constructions
do not depart from the spirit and scope of the invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Example embodiments are described with reference to accompanying drawings,
wherein:

[0016] FIGS. 1A and 1B are circuit diagrams for an example of a conventional ADC;
[0017] FIG. 1C is a timing diagram for the ADC of FIGS. 1A and 1B;

[0018] FIGS. 2A and 2B are circuit diagrams for an example of an ADC in accordance
with an example embodiment of the invention; and

[0019] FIG. 2C is a circuit diagram of an example of a residue amplifier of FIG. 2B.
DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0020] FIG. 2A illustrates an example ADC 200 in accordance with principles of the

invention. ADC 200 has the same general functionality as ADC 100. However, a difference
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exists in the pipeline; namely, stages 102-1 to 102-N have been replaced by stages 202-1 to 202-
N.

[0021] In FIG. 2B, stages 202-1 to 203-N (hereinafter 202) can be seen in greater detail.
In operation, T/H circuit 203-1 and 203-2 are coupled to receive an analog input signal IN
(which is either the analog input signal AIN or a residue signal from the previous stage). Since
these T/H circuits 203-1 and 203-2 are arranged in parallel with one another, T/H circuits 203-1
and 203-2 can be timed so as to sample on generally non-overlapping logic stages or phases of a
clock signal. T/H circuits 203-1 and 203-2 are respectively coupled to ADC 204-1 and 204-2,
and ADCs 204-1 and 204-2, DACs 206-1 and 206-2, adders 208-1 and 208-2, and residue
amplifier 210 can then perform analog processing to resolve sampled signals for digital output
circuit 104 and to generate a residue signal ROUT.

[0022] Here, each of the data converter circuits (which respectively include ADCs 204-1
or 204-2, DAC 206-1 or 206-2, and adder 208-1 or 208-2) benefit from the use of a single
amplifier. A reason is that duty cycle of an amplifier (for each data converter circuit) would be
less than 50%, which would consume an excessive amount of power. Therefore, amplifier 210
can be time multiplexed by controller 214 to process signals from each of the data converter
circuits or data paths.

[0023] Turning to FIG. 2C, residue amplifier 210 can be seen in greater detail. In this
example, a folded cascode differential amplifier (which generally comprises NPN transistors Q1
through Q4 and current sources 222, 224, 226, and 228) that is biased by a bias voltage BIAS is
employed. Coupled to the input terminals of this amplifier are multiplexers 216-1 and 216-2.
The switching between differential input signals INP1/INM1 and INP2/INM2 (which are
provided by adders 208-1 and 208-2, respectively) are controlled through the select signal
SELECT (which is provided by the controller 214). Additionally, multiplexers (not shown) that
are coupled to the output terminals of this amplifier (so as to receive output signals OUTP and
OUTM) to direct the correct input and output signals to the amplifier at the correct instants in
time for processing.

[0024] When multiplexers 216-1 and 216-2 are switched, however, the amplifier (which
generally comprises NPN transistors Q1 through Q4 and current sources 222, 224, 226, and 228)
exhibits erratic behavior at the switching instant. This erratic behavior is referred to as a glitch,

and if not addressed, the glitch can consume significant amounts of the amplifier’s available
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settling time or even lead to the amplifier output or interior nodes operating at voltages outside
their desired ranges. In other words, this glitch can degrade performance. To combat this
problem, a reset mechanism is provided at the output terminals of the amplifier. The resent
mechanism generally comprises a switch QS5 that is coupled between the output terminals of the
amplifier and controlled by a pulse generator (which generally comprises an XOR gate and a
delay circuit). Thus, on a rising or falling edge of the select signal SELECT, a pulse is provided
to switch Q5 (which activates the switch Q5) so as to briefly short the output terminals of the
amplifier together. Thus, glitching can be avoided, which results in faster settling times.

[0025] Those skilled in the art to which the invention relates will appreciate that
modifications may be made to the described example embodiments and other embodiments

implemented within the scope of the claimed invention.
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CLAIMS
What is claimed is:

1. An apparatus comprising:

an amplifier having a first input terminal, a second input terminal, a first output terminal,
and a second input terminal;

a first multiplexer that is coupled to the first input terminal of the amplifier;

a second multiplexer that is coupled to the second input terminal of the amplifier;

a switch that is coupled between the first and second output terminals of the amplifier;

a pulse generator that is coupled to the switch so as to control the switch; and

a controller that is coupled to the first multiplexer, the second multiplexer, and pulse
generator, wherein the controller provides a select signal to each of the first and second
multiplexers, and wherein the controller activates the pulse generator when the first and second
multiplexers are switched.

2. The apparatus of Claim 1, wherein the pulse generator further comprises:

a logic circuit that is coupled to the controller so as to receive the select signal and that is
coupled to the switch; and

a delay circuit that is coupled to the controller so as to receive the select signal and that is
coupled to the switch.

3. The apparatus of Claim 2, wherein the logic circuit further comprises a XOR gate.

4. The apparatus of Claim 3, wherein the amplifier further comprises:

a first transistor having a first passive electrode, a second passive electrode, and a control
electrode, wherein the control electrode of the first transistor is coupled to the first multiplexer;
a second transistor having a first passive electrode, a second passive electrode, and a control
electrode, wherein the control electrode of the second transistor is coupled to the second
multiplexer, and wherein the first passive electrode of the second transistor is coupled to the first
passive electrode of the first transistor;

a first current source that is coupled to the second passive electrode of the first transistor;

a second current source that is coupled to the second passive electrode of the second
transistor;

a first bias transistor that is coupled between the first currents source and the first output

terminal; and
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a second bias transistor that is coupled between the second current source and the second
output terminal.
5. The apparatus of Claim 4, wherein the first and second transistors are NPN transistors.
6. An apparatus comprising:

data converter circuitry;

a first multiplexer that is coupled to the data converter circuitry;

a second multiplexer that is coupled to the data converter circuitry;

an amplifier having a first input terminal, a second input terminal, a first output terminal,
and a second input terminal, wherein the first multiplexer that is coupled to the first input
terminal of the amplifier, and wherein the second multiplexer that is coupled to the second input
terminal of the amplifier;

a switch that is coupled between the first and second output terminals of the amplifier;

a pulse generator that is coupled to the switch so as to control the switch; and

a controller that is coupled to the first multiplexer, the second multiplexer, and pulse
generator, wherein the controller provides a select signal to each of the first and second
multiplexers, and wherein the controller activates the pulse generator when the first and second
multiplexers are switched.

7. The apparatus of Claim 6, wherein the pulse generator further comprises:

a logic circuit that is coupled to the controller so as to receive the select signal and that is
coupled to the switch; and

a delay circuit that is coupled to the controller so as to receive the select signal and that is
coupled to the switch.

8. The apparatus of Claim 7, wherein the logic circuit further comprises a XOR gate.

9. The apparatus of Claim 8, wherein the amplifier further comprises:

a first transistor having a first passive electrode, a second passive electrode, and a control
electrode, wherein the control electrode of the first transistor is coupled to the first multiplexer;
a second transistor having a first passive electrode, a second passive electrode, and a control
electrode, wherein the control electrode of the second transistor is coupled to the second
multiplexer, and wherein the first passive electrode of the second transistor is coupled to the first
passive electrode of the first transistor;

a first current source that is coupled to the second passive electrode of the first transistor;



10

15

20

WO 2012/037133 PCT/US2011/051411

a second current source that is coupled to the second passive electrode of the second transistor;
a first bias transistor that is coupled between the first currents source and the first output
terminal; and

a second bias transistor that is coupled between the second current source and the second
output terminal.

10.  The apparatus of Claim 9, wherein the first and second transistors are NPN transistors.
11.  The apparatus of Claim 8, wherein the data converter circuitry further comprises:

a first track-and-hold (T/H) circuit;

a second T/H circuit;

a first analog-to-digital converter (ADC) that is coupled to the first T/H circuit;

a second ADC that is coupled to the second T/H circuit;

a first digital-to-analog converter (DAC) that is coupled to the first ADC;

a second DAC that is coupled to the second ADC,;

a first adder that is coupled to the first DAC, the first T/H circuit, and the first
multiplexer, wherein the first adder determines the difference between the outputs of the first
T/H circuit and the first DAC; and

a second adder that is coupled to the second DAC, the second T/H circuit, and the second
multiplexer, wherein the second adder determines the difference between the outputs of the

second T/H circuit and the second DAC.
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