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(57) Abstract: Multiple-bit parallel successive approximation (SA) Flash ana-
log-to-digital converter (ADC) circuits are disclosed. In one aspect, a multi-
ple-bit parallel SA Flash ADC circuit includes a digital-to-analog converter
(DAC) circuit that receives reference voltage and trial bit codes and generates
DAC analog signals. The SA Flash ADC circuit includes parallel comparator
stages, each including one or more comparator circuits equal to two (2) raised to
a number of digital bits of the corresponding parallel comparator stage, quan-
tity minus one (1). Each comparator circuit receives an analog input signal and
corresponding DAC analog signal and generates a digital signal. The digital
signal of each comparator circuit is logic high if the analog input signal has a
greater voltage than the corresponding DAC analog signal, and logic low if the
analog input signal has a smaller voltage. The digital signals corresponding to
each parallel comparator stage are used to generate a digital output signal.
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MULTIPLE-BIT PARALLEL SUCCESSIVE APPROXIMATION (SA) FLASH
ANALOG-TO-DIGITAL CONVERTER (ADC) CIRCUITS

BACKGROUND

L Claim of Priority
[0001] The present Application for Patent claims priority to Application No.
16/113,619 entitled “MULTIPLE-BIT PARALLEL SUCCESSIVE APPROXIMATION
(SA) FLASH ANALOG-TO-DIGITAL CONVERTER (ADC) CIRCUITS” filed August
27, 2018, and assigned to the assignee hereof and hereby expressly incorporated by

reference herein.

1L Field of the Disclosure
[0002] The technology of the disclosure relates generally to analog-to-digital
converter (ADC) circuits, and particularly to successive approximation (SA) Flash ADC

circuits.

III. Background

[0003] Processor-based systems employ analog-to-digital conversion of signals in
connection with performing various functions. One way to achieve such analog to digital
conversion is by using a Flash analog-to-digital converter (ADC) circuit. The operation
of a Flash ADC circuit involves paralleling multiple comparators to perform comparisons
of an input voltage signal to a series of analog signals generated in parallel from a
reference voltage during a conversion process. In particular, each comparator in a Flash
ADC circuit operates asynchronously such that each comparison is performed without
reference to a clock signal. A Flash ADC circuit uses the result of each comparison of
the input voltage signal to the analog signals to generate a final value of a digital output
signal.

[0004] For example, a conventional Flash ADC circuit employs 2M-1 comparator
circuits, wherein N is a number of bits in the digital output signal. Additionally, a
reference voltage is divided into 2MN-1 generated analog signals that are distributed across
the range of the reference voltage. Each analog signal is provided to one input of a
corresponding comparator circuit, and an input analog signal is provided to another input
of each comparator circuit. In this manner, for each comparator circuit, if the generated

analog signal has a voltage greater than the input analog signal, the output of the
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corresponding comparator circuit has a logic low “0” value. Conversely, if the generated
analog signal has a voltage less than the input analog signal, the output of the
corresponding comparator circuit has a logic high “1” value. The output signal of each
comparator circuit is used to create a digital output signal that is a digital representation
of the input voltage signal.

[0005] In this regard, a conventional Flash ADC circuit has a relatively fast
conversion time. However, as conventional Flash ADC circuits are designed to generate
digital output signals with a greater number of bits (i.e., a higher number of bits N), the
number of circuit elements employed in a conventional Flash ADC circuit increases
geometrically resulting in substantially more chip area being used and power being
consumed. Thus, it may be advantageous to trade off conversion time for chip area and

power reduction.

SUMMARY OF THE DISCLOSURE

[0006] Aspects disclosed in the detailed description include multiple-bit parallel
successive approximation (SA) Flash analog-to-digital converter (ADC) circuits. In one
aspect, a multiple-bit parallel SA Flash ADC circuit is configured to generate a digital
output signal having a number of digital bits, wherein the digital output signal is a digital
representation to an analog input signal. To perform such a conversion, the multiple-bit
parallel SA Flash ADC circuit includes a multiple-output digital-to-analog converter
(DAC) circuit that receives a reference voltage, and uses the reference voltage and the
digital bits generated by parallel comparator stages of a system compare circuit to
generate multiple DAC analog signals. Each of the parallel comparator stages includes a
number of comparator circuits equal to two (2) raised to a number of digital output bits
of the corresponding parallel comparator stage, quantity minus one (1). Each comparator
circuit receives the analog input signal and a corresponding DAC analog signal, and
generates a digital signal based on comparing the analog input signal and the DAC analog
signal. In particular, the digital signal of each comparator has a logic high value if the
analog input signal has a greater voltage than the corresponding DAC analog signal, and
has a logic low value if the analog input signal has a smaller voltage than the
corresponding DAC analog signal. The system compare circuit uses the digital signals
from the comparator circuits of each parallel comparator stage to generate digital bits

corresponding to each parallel comparator stage, wherein the one or more digital bits
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collectively generate the digital output signal. In examples disclosed herein, the multiple-
bit parallel SA Flash ADC circuit has a similar conversion time as a conventional Flash
ADC circuit would have for the same number of digital bits.

[0007] In this regard in one exemplary aspect, a multiple-bit parallel SA Flash ADC
circuit is provided. The multiple-bit parallel SA Flash ADC circuit comprises a DAC
circuit configured to receive a reference voltage, and generate a plurality of DAC analog
signals, wherein each DAC analog signal is based on the reference voltage. The multiple-
bit parallel SA Flash ADC circuit further comprises a system compare circuit comprising
a plurality of parallel comparator stages. Each parallel comparator stage of the plurality
of parallel comparator stages comprises one or more comparator circuits, wherein the one
or more comparator circuits of each parallel comparator stage is equal to two (2) raised
to a number of digital bits of the corresponding parallel comparator stage, quantity minus
one (1). Each comparator circuit of the one or more comparator circuits is configured to
receive an analog input signal, receive a corresponding DAC analog signal, and generate
a digital signal. The digital signal has a logic high value if the analog input signal has a
greater voltage than the corresponding DAC analog signal, and the digital signal has a
logic low value if the analog input signal has a smaller voltage than the corresponding
DAC analog signal. The system compare circuit is configured to generate one or more
digital bits corresponding to each parallel comparator stage based on each corresponding
digital signal, wherein the one or more digital bits collectively generate a digital output
signal that is a digital representation of the analog input signal.

[0008] In another exemplary aspect, a multiple-bit parallel SA Flash ADC circuit is
provided. The multiple-bit parallel SA Flash ADC circuit comprises a means for
converting a digital value into an analog value configured to receive a reference voltage,
and generate a plurality of DAC analog signals, wherein each DAC analog signal is based
on the reference voltage. The multiple-bit parallel SA Flash ADC circuit further
comprises a means for generating digital bits comprising a plurality of means for
comparing values in parallel. Each means for comparing values in parallel comprises a
number of means for comparing, wherein the number of means for comparing of each
means for comparing values in parallel is equal to two (2) raised to a number of digital
bits of the corresponding means for comparing values in parallel, quantity minus one (1).
Each means for comparing is configured to receive an analog input signal, receive a

corresponding DAC analog signal, and generate a digital signal. The digital signal has a
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logic high value if the analog input signal has a greater voltage than the corresponding
DAC analog signal, and the digital signal has a logic low value if the analog input signal
has a smaller voltage than the corresponding DAC analog signal. The means for
generating digital bits is configured to generate one or more digital bits corresponding to
each means for comparing values in parallel, wherein the one or more digital bits
collectively generate a digital output signal that is a digital representation of the analog
input signal.

[0009] In another exemplary aspect, a method for converting an analog input signal
into a digital output signal, wherein multiple digital bits of the digital output signal are
determined in parallel, is provided. The method comprises receiving a reference voltage,
and generating a plurality of DAC analog signals, wherein each DAC analog signal is
based on the reference voltage. The method further comprises receiving the analog input
signal, and generating one or more digital signals in a plurality of parallel comparator
stages. Each digital signal is generated by comparing the analog input signal to a
corresponding DAC analog signal, wherein each digital signal has a logic high value if
the analog input signal has a greater voltage than the corresponding DAC analog signal,
and each digital signal has alogic low value if the analog input signal has a smaller voltage
than the corresponding DAC analog signal. The method further comprises generating
one or more digital bits corresponding to each parallel comparator stage based on the one
or more digital signals of the corresponding parallel comparator stage, wherein the one or
more digital bits collectively generate a digital output signal that is a digital representation

of the analog input signal.

BRIEF DESCRIPTION OF THE FIGURES

[0010] Figure 1 is a circuit diagram of an exemplary multiple-bit parallel successive
approximation (SA) Flash analog-to-digital converter (ADC) circuit configured to
convert an analog input signal into a digital output signal, wherein multiple bits of the
digital output signal are generated in parallel;

[0011] Figure 2 is a circuit diagram of an exemplary two (2) bit parallel four (4) bit
SA Flash ADC circuit configured to convert an analog input signal into a four (4) bit
digital output signal that employs a single-output digital-to-analog converter (DAC)

circuit corresponding to each comparator circuit;
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[0012] Figure 3 is a flowchart illustrating an exemplary process that can be performed
by the multiple-bit parallel SA Flash ADC circuit of Figure 1 to convert an analog input
signal into a digital output signal;

[0013] Figure 4 is a circuit diagram of an exemplary multiple-bit parallel SA Flash
ADC circuit that employs a multiple-output DAC circuit instead of single-output DAC
circuits for each corresponding comparator circuit;

[0014] Figure 5 is a circuit diagram of an exemplary resistor rotator circuit that can
be employed for each DAC stage of the multiple-output DAC circuit of Figure 4;

[0015] Figure 6 is a circuit diagram of another exemplary multiple-bit parallel SA
Flash ADC circuit that employs another multiple-output DAC circuit instead of single-
output DAC circuits for each corresponding comparator circuit;

[0016] Figure 7 is a block diagram of an exemplary processor-based system that can
include the multiple-bit parallel SA Flash ADC circuits of Figures 1, 2, 4, and 6; and
[0017] Figure 8 is a block diagram of an exemplary wireless communications device
that includes radio frequency (RF) components formed in an integrated circuit (IC),
wherein the RF components can include elements employing the multiple-bit parallel SA

Flash ADC circuits of Figures 1, 2, 4, and 6.

DETAILED DESCRIPTION

[0018] With reference now to the drawing figures, several exemplary aspects of the
present disclosure are described. The word “exemplary” is used herein to mean “serving
as an example, instance, or illustration.” Any aspect described herein as “exemplary” is
not necessarily to be construed as preferred or advantageous over other aspects.

[0019] Aspects disclosed in the detailed description include multiple-bit parallel
successive approximation (SA) Flash analog-to-digital converter (ADC) circuits. In one
aspect, a multiple-bit parallel SA Flash ADC circuit is configured to generate a digital
output signal having a number of digital bits, wherein the digital output signal is a digital
representation to an analog input signal. To perform such a conversion, the multiple-bit
parallel SA Flash ADC circuit includes a multiple-output digital-to-analog converter
(DAC) circuit that receives a reference voltage, and uses the reference voltage and the
digital bits generated by parallel comparator stages of a system compare circuit to
generate multiple DAC analog signals. Each of the parallel comparator stages includes

one or more comparator circuits equal to two (2) raised to a number of digital output bits
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of the corresponding parallel comparator stage, quantity minus one (1). Each comparator
circuit receives the analog input signal and a corresponding DAC analog signal, and
generates a digital signal based on comparing the analog input signal and the DAC analog
signal. In particular, the digital signal of each comparator has a logic high value if the
analog input signal has a greater voltage than the corresponding DAC analog signal, and
has a logic low value if the analog input signal has a smaller voltage than the
corresponding DAC analog signal. The system compare circuit uses the digital signals
from the one or more comparator circuits of each parallel comparator stage to generate
digital bits corresponding to each parallel comparator stage, wherein the one or more
digital bits collectively generate the digital output signal. In examples disclosed herein,
the multiple-bit parallel SA Flash ADC circuit has a similar conversion time as a
conventional Flash ADC circuit would have for the same number of digital bits.

[0020] In this regard, Figure 1 is a circuit diagram of an exemplary multiple-bit
parallel SA Flash ADC circuit 100 configured to convert an analog input signal VIN into
a digital output signal DOUT having digital bits DG(A)-DG(1), wherein a number of the
digital bits DG(A)-DG(1) are generated in parallel. In aspects described herein, the digital
bit DG(A) (e.g., the highest numbered digital bit DG) is a most significant bit (MSB) of
the digital output signal DOUT, and the digital bit DG(1) (e.g., the lowest numbered
digital bit DG) is a least significant bit (LSB) of the digital output signal DOUT. To
perform a conversion, the multiple-bit parallel SA Flash ADC circuit 100 employs a DAC
circuit 102 configured to receive a reference voltage VREF and, in this aspect, a plurality
of trial bit codes 104(1)(1)-104(B)(C). As discussed in greater detail below, each trial bit
code 104(1)(1)-104(B)(C) includes a unique digital bit sequence with defined values for
one or more digital bits, and allows for the successive approximation attribute of the
multiple-bit parallel SA Flash ADC circuit 100. The DAC circuit 102 is configured to
generate DAC analog signals 106(1)(1)-106(B)(C) based on the reference voltage VREF,
the trial bit codes 104(1)(1)-104(B)(C), and a subset of the digital bits DG(1)-DG(A)
generated by parallel comparator stages 108(1)-108(B) of a system compare circuit 109.
The DAC analog signals 106(1)(1)-106(B)(C) are provided to each corresponding parallel
comparator stage 108(1)-108(B). In this aspect, the DAC circuit 102 employs DAC
arrays 110(1)-110(B), each of which corresponds to a parallel comparator stage 108(1)-
108(B) and includes corresponding single-output DAC circuits 112(1)(1)-112(B)(C).

However, as discussed below, the DAC circuit 102 in other aspects may employ one
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multiple-output DAC circuit instead of the DAC arrays 110(1)-110(B). Also note that
the DAC arrays 110(1)-110(B) and their corresponding parallel comparator stages
108(1)-108(B) may each generate differing numbers of respective DAC analog signals
106(1)(1)-106(B)(C) and digital signals.

[0021] With continuing reference to Figure 1, each of the parallel comparator stages
108(1)-108(B) includes the number C of corresponding comparator circuits 114(1)(1)-
114(B)(C), wherein C is equal to two (2) raised to a number D of digital bits DG(1)-
DG(A) of the corresponding parallel comparator stage 108(1)-108(B), quantity minus one
(1) (e, C=(2"D)-1). In this example, A =B*D, so digital bits DG (A-(B-1)D) — DG(1)
has D bits. As used herein, the numbers A, B, C, and D are positive whole integer
numbers. For example, if the parallel comparator stage 108(1) corresponds to two (2)
digital bits DG(A), DG(A-1) of the digital output signal DOUT, then the parallel
comparator stage 108(1) includes three (3) comparator circuits 114(1)(1)-114(1)(3) (e.g.,
(2"2)-1=3). Asdiscussed in detail below, the number D may be the same in one or more
parallel comparator stages 108(1)-108(B) such that the number C is the same in the one
or more parallel comparator stages 108(1)-108(B) and DAC arrays 110(1)-110(B).
Alternatively, the number D may be different in each parallel comparator stage 108(1)-
108(B) such that the number C is different in each parallel comparator stage 108(1)-
108(B) and DAC array 110(1)-110(B). Each comparator circuit 114(1)(1)-114(B)(C)
receives the analog input signal VIN and a corresponding DAC analog signal 106(1)(1)-
106(B)(C), and generates a digital signal 116(1)(1)-116(B)(C) based on comparing the
analog input signal VIN and the DAC analog signal 106(1)(1)-106(B)(C). In particular,
the digital signal 116(1)(1)-116(B)C) of each comparator circuit 114(1)(1)-114(B)(C)
has a logic high “1” value if the analog input signal VIN has a greater voltage than the
corresponding DAC analog signal 106(1)(1)-106(B)(C), and has a logic low “0” value if
the analog input signal VIN has a smaller voltage than the corresponding DAC analog
signal 106(1)(1)-106(B)(C). The system compare circuit 109 is configured to generate
the digital bits DG(1)-DG(A) corresponding to each parallel comparator stage 108(1)-
108(B), wherein the digital bits DG(1)-DG(A) collectively generate the digital output
signal DOUT. In particular, in this aspect, the system compare circuit 109 includes a
thermometer-to-binary converter (TTB) circuit 118 that is configured to receive the
digital signals 116(1)(1)-116(B)(C) from the comparator circuits 114(1)(1)-114(B)(C) of
each parallel comparator stage 108(1)-108(B). The TTB circuit 118 is further configured
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to generate the digital bits DG(1)-DG(A) corresponding to each parallel comparator stage
108(1)-108(B) to generate the digital output signal DOUT.

[0022] With continuing reference to Figure 1, operational details of the multiple-bit
parallel SA Flash ADC circuit 100 are now provided. In particular, to convert the analog
input signal VIN to the digital output signal DOUT, the parallel comparator stage 108(1)
is configured to calculate the D most significant digital bits DG(A)-DG(A-D+1) of the
digital output signal DOUT. To calculate the digital bits DG(A)-DG(A-D+1), the trial bit
codes 104(1)(1)-104(1)(C) are provided to the DAC array 110(1), wherein the
corresponding trial bit codes 104(1)(1)-104(1)(C) each represent a unique sequence of the
digital bits DG(A)-DG(A-D+1). Using the trial bit codes 104(1)(1)-104(1)(C) and the
reference voltage VREF, the DAC array 110(1) generates the corresponding DAC analog
signals 106(1)(1)-106(1)(C). Further, the parallel comparator stage 108(1) compares each
of the DAC analog signals 106(1)(1)-106(1)(C) with the analog input signal VIN to
generate the corresponding digital signals 116(1)(1)-116(1)(C), which are converted into
the digital bits DG(A)-DG(A-D+1) by a stage 120(1) of the TTB circuit 118.

[0023] With continuing reference to Figure 1, it is important to note that the multiple-
bit parallel SA Flash ADC circuit 100 is asynchronous (i.e., is not controlled by a clock
signal). Rather, each DAC array 110(2)-110(B) is configured to receive the outputs of
stages 120(1)-120(B) generated as digital bits DG(1)-DG(A) generated in each previous
parallel comparator stage 108(1)-108(B). In this manner, each DAC array 110(2)-110(B)
generates the corresponding DAC analog signals 106(2)(1)-106(B)(C) in response to the
digital bits DG(1)-DG(A) of the previous parallel comparator stage 108(1)-108(B)
stabilizing. In this regard, the parallel comparator stage 108(2) is configured to calculate
the next D most significant digital bits DG(A-D)-DG(A-2D+1) of the digital output signal
DOUT. To calculate the digital bits DG(A-D)-DG(A-2D+1), the trial bit codes 104(2)(1)-
104(2)(C) are provided to the DAC array 110(2), wherein the trial bit codes 104(2)(1)-
104(2)(C) each represent a unique sequence of the digital bits DG(A-D)-DG(A-2D+1).
Additionally, the digital bits DG(A)-DG(A-D+1) are also provided to the DAC array
110(2). Using the trial bit codes 104(2)(1)-104(2)(C), the digital bits DG(A)-DG(A-
D+1), and the reference voltage VREF, the DAC array 110(2) generates the
corresponding DAC analog signals 106(2)(1)-106(2)(C). Further, the parallel comparator
stage 108(2) compares each of the DAC analog signals 106(2)(1)-106(2)(C) with the
analog input signal VIN to generate the corresponding digital signals 116(2)(1)-
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116(2)(C), which are converted into the digital bits DG(A-D)-DG(A-2D+1) by a stage
120(2) of the TTB circuit 118. The sequence above continues for the remaining digital
bits DG(A-2D-1)-DG(1) using the remaining DAC arrays 110(3)-110(B), parallel
comparator stages 108(3)-108(B), and stages 120(3)-120(B) of the TTB circuit 118.
[0024] With continuing reference to Figure 1, as noted above, the number D may be
the same or vary for each parallel comparator stage 108(1)-108(B) such that the number
C may also vary for each parallel comparator stage 108(1)-108(B) and DAC array 110(1)-
110(B). For example, the DAC array 110(1), the parallel comparator stage 108(1), and
the stage 120(1) may correspond to an M number of MSBs of digital bits DG(1)-DG(A).
Thus, the DAC array 110(1) receives trial bit codes 104(1)(1)-104(1)((2"M)-1), includes
single-output DAC circuits 112(1)(1)-112(1)((2"M)-1), and generates DAC analog
signals 106(1)(1)-106(1)((2"M)-1). Additionally, the parallel comparator stage 108(1)
includes (2"M)-1 comparator circuits 114(1)(1)-114(1)((2"M)-1) and generates digital
signals 116(1)(1)-116(1)((2"M)-1). The stage 120(1) then generates the M number of
MSBs of the digital bits DG(1)-DG(A). The DAC array 110(2), the parallel comparator
stage 108(2), and the stage 120(2) correspond to an N number of digital bits within DG(1)-
DG(A), while the DAC array 110(3), the parallel comparator stage 108(3), and the stage
120(3) correspond to a P number of digital bits within DG(1)-DG(A). Further, the DAC
array 110(B-1), the parallel comparator stage 108(B-1), and the stage 120(B-1)
correspond to a Q number of digital bits within DG(1)-DG(A), while the DAC array
110(B), the parallel comparator stage 108(B), and the stage 120(B) correspond to an R
number of digital bits within DG(1)-DG(A). Configuring the multiple-bit parallel SA
Flash ADC circuit 100 to implement the differing numbers M, N, P, Q, and R provides
designers with the ability to customize the level of parallelism with specific granularity
based on the needs of a particular application.

[0025] A specific aspect of the multiple-bit parallel SA Flash ADC circuit 100 of
Figure 1 is now described to provide additional clarification. In this regard, Figure 2is a
circuit diagram of an exemplary two (2) bit parallel four (4) bit SA Flash ADC circuit 200
configured to convert an analog input signal VIN into a four (4) bit (i.e., digital bits
DG(4)-DG(1)) digital output signal DOUT that employs single-output DAC circuits
112(1)(1)-112(2)(3) corresponding to each comparator circuit 114(1)(1)-114(2)(3). The
two (2) bit parallel four (4) bit SA Flash ADC circuit 200 includes common elements with
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the multiple-bit parallel SA Flash ADC circuit 100 of Figure 1, which are referred to with
common element numbers in Figure 1 and Figure 2, and thus will not re-described herein.
[0026] With continuing reference to Figure 2, to convert the analog input signal VIN
to the digital output signal DOUT, a parallel comparator stage 108(1) is configured to
calculate the two (2) most significant digital bits DG(4)-DG(3) of the digital output signal
DOUT. To calculate the digital bits DG(4)-DG(3), three (3) trial bit codes 104(1)(1)-
104(1)(3) are provided to the DAC array 110(1). In particular, the input ports 202(4)-
202(3) of the single-output DAC circuit 112(1)(1) receive the trial bit code 104(1)(1) that
includes the bit sequence “11”. Additionally, the input ports 202(4), 202(3) of the single-
output DAC circuit 112(1)(2) receive the trial bit code 104(1)(2) that includes the bit
sequence “10” corresponding to the digital bits DG(4), DG(3), and the input ports 202(4),
202(3) of the single-output DAC circuit 112(1)(3) receive the trial bit code 104(1)(3) that
includes the bit sequence “01” corresponding to the digital bits DG(4), DG(3).
Additionally, the input ports 202(2), 202(1) of each of the single-output DAC circuits
112(1)(1)-112(1)(3) are electrically coupled to ground, which provides a logic low “0”
value to each corresponding input port 202(2), 202(1). Each DAC circuit 112(1)(1)-
112(1)(3) also includes a voltage input node 204 configured to receive the reference
voltage VREF. Using the trial bit codes 104(1)(1)-104(1)(3) and the reference voltage
VREF, the DAC array 110(1) generates the corresponding DAC analog signals 106(1)(1)-
106(1)(3). In particular, the DAC circuit 102 is configured to generate the DAC analog
signals 106(1)(1)-106(1)(3) with corresponding values that are a division of the voltage
range between the reference voltage VREF and the ground signal. For example, if the
reference voltage VREF is 1.0 V, then the DAC analog signals 106(1)(1)-106(1)(3) are
equal to 0.75 V,0.50 V, and 0.25 V, respectively.

[0027] With continuing reference to Figure 2, each of the DAC analog signals
106(1)(1)-106(1)(3) are provided to each corresponding comparator circuit 114(1)(1)-
114(1)(3). In this manner, the parallel comparator stage 108(1) compares each of the
DAC analog signals 106(1)(1)-106(1)(3) with the analog input signal VIN to generate the
corresponding digital signals 116(1)(1)-116(1)(3). More specifically, the comparator
circuit 114(1)(1) generates the digital signal 116(1)(1) by comparing the DAC analog
signal 106(1)(1) with the analog input signal VIN, and the comparator circuit 114(1)(2)
generates the digital signal 116(1)(2) by comparing the DAC analog signal 106(1)(2) with
the analog input signal VIN. Additionally, the comparator circuit 114(1)(3) generates the
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digital signal 116(1)(3) by comparing the DAC analog signal 106(1)(3) with the analog
input signal VIN. For example, if VREF is 1.0 V and if the analog input signal VIN is
equal to 0.57 V, while the DAC analog signals 106(1)(1)-106(1)(3) are equal to 0.75 V,
0.5V, and 0.25 V, respectively, then the digital signal 116(1)(1) has a logic O value, the
digital signal 116(1)(2) has a logic 1 value, and the digital signal 116(1)(3) has a logic 1
value. The digital signals 116(1)(1)-116(1)(3) are converted into the digital bits DG(4),
DG(3) by a stage 120(1) of the TTB circuit 118. For example, digital bits DG(4), DG(3)
may have a value of “10”. In this example, the possibilities are that all of the DAC analog
signals 106(1)(1)-106(1)(3) are <0007, “001”, “011”, or “111” because of how the digital
signals 116(1)(1)-116(1)(3) generated by the comparator circuits 114(1)(1)-114(1)(3)
generate a thermometer code based on which of the threshold values in the DAC analog
signals 106(1)(1)-106(1)(3) the input VIN is greater than. In this regard, the TTB circuit
118 and stage 120(1) generates “00” for digital bits DG(4), DG(3) for comparator outputs
of “000” for digital signals 116(1)(1)-116(1)(3); it generates “01” for digital bits DG(4),
DG(3) for comparator outputs of “001” for digital signals 116(1)(1)-116(1)(3); it
generates “10” for digital bits DG(4), DG(3) for comparator outputs of “011” for digital
signals 116(1)(1)-116(1)(3); and it generates “11” for digital bits DG(4), DG(3) for
comparator outputs of “111” for digital signals 116(1)(1)-116(1)(3).

[0028] For example, with continuing reference to Figure 2, to generate the digital bits
DG(4), DG(3) in this aspect, the stage 120(1) of the TTB circuit 118 employs inverters
206(1)(1), 206(1)(2), AND-based gates 208(1)(1), 208(1)(2) (e.g., AND gates 208(1)(1),
208(1)(2)), and OR-based gates 210(1)(1), 210(1)(2) (e.g., OR gates 210(1)(1),
210(1)(2)). The digital signal 116(1)(1) (e.g., 0 value) is provided to the inverter 206(1)(1)
such that the inverter 206(1)(1) generates an inverse digital signal 116°(1)(1) (e.g., 1
value), which is provided to the AND gates 208(1)(1), 208(1)(2). Additionally, the digital
signal 116(1)(2) (e.g., 1 value) is provided to the AND gate 208(1)(1). In this example,
the AND gate 208(1)(1) generates an intermediary digital signal 212(1)(1) that has a logic
high “1” value in this example. The intermediary digital signal 212(1)(1) (e.g., 1 value)
is provided to the inverter 206(1)(2), wherein the inverter 206(1)(2) generates an inverse
intermediary digital signal 212°(1)(1) (e.g., O value) that is provided to the AND gate
208(1)(2). The inverse digital signal 116°(1)(1) is also provided to the AND gate
208(1)(2), wherein the AND gate 208(1)(2) generates an intermediary digital signal
212(1)(2) that has a logic high “1” value if the digital signals 116(1)(1), 116(1)(2) each
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have a logic low “0” value while the digital signal 116(1)(3) has a logic high “1” value,
and a logic low “0” value otherwise in this example. The digital signal 116(1)(1) (e.g., 0
value) and the intermediary digital signal 212(1)(1) (e.g., 1 value) are provided to the OR
gate 210(1)(1), wherein the OR gate 210(1)(1) generates the digital bit DG(4) (e.g., 1
value) of the digital output signal DG(4). Additionally, the digital signal 116(1)(1) (e.g.,
0 value) and the intermediary digital signal 212(1)(2) (e.g., 0 value) are provided to the
OR gate 210(1)(2), wherein the OR gate 210(1)(2) generates the digital bit DG(3) (e.g., 0
value) of the digital output signal DG(3).

[0029] With continuing reference to Figure 2, a parallel comparator stage 108(2) is
configured to calculate the two (2) least significant digital bits DG(2), DG(1) of the digital
output signal DOUT in response to the digital bits DG(4), DG(3) settling to a stable value.
To calculate the digital bits DG(2), DG(1), three (3) trial bit codes 104(2)(1)-104(2)(3)
are provided to the DAC array 110(2), wherein each single-output DAC circuit 112(2)(1)-
112(2)(3) includes input ports 202(1)-202(4). Each DAC 112(2)(1)-112(2)(3) also
includes a voltage input node 204 configured to receive the reference voltage VREF. The
input ports 202(4), 202(3) of each single-output DAC circuit 112(2)(1)-112(2)(3) are
configured to receive the generated digital bits DG(4), DG(3). However, the input ports
202(2), 202(1) of the single-output DAC circuit 112(2)(1) receive the trial bit code
104(2)(1) that includes the bit sequence “11” corresponding to the DAC inputs DG(2),
DG(1). Additionally, the input ports 202(2), 202(1) of the single-output DAC circuit
112(2)(2) receive the trial bit code 104(2)(2) that includes the bit sequence “10”
corresponding to the DAC inputs DG(2), DG(1), and the input ports 202(2), 202(1) of the
single-output DAC circuit 112(2)(3) receives the trial bit code 104(2)(3) that includes the
bit sequence “01” corresponding to the digital bits DG(2), DG(1). The DAC array 110(2)
generates the corresponding DAC analog signals 106(2)(1)-106(2)(3) using the trial bit
codes 104(2)(1)-104(2)(3), the reference voltage VREF, and the digital bits DG(1)-DG(4)
from the previous parallel stage(s). For example, the DAC analog signals 106(2)(1)-
106(2)(3) in this example are equal to 0.6875V, 0.625V, and 0.5625V, respectively.
[0030] With continuing reference to Figure 2, each of the DAC analog signals
106(2)(1)-106(2)(3) are provided to each corresponding comparator circuit 114(2)(1)-
114(2)(3). In this manner, the parallel comparator stage 108(2) compares each of the
DAC analog signals 106(2)(1)-106(2)(3) with the analog input signal VIN to generate the
corresponding digital signals 116(2)(1)-116(2)(3). More specifically, the comparator
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circuit 114(2)(1) generates the digital signal 116(2)(1) (e.g., logic O value) by comparing
the DAC analog signal 106(2)(1) (e.g., 0.6875V value) with the analog input signal VIN
(0.57V), and the comparator circuit 114(2)(2) generates the digital signal 116(2)(2) (e.g.,
logic 0 value) by comparing the DAC analog signal 106(2)(2) (e.g., 0.625V value) with
the analog input signal VIN. Additionally, the comparator circuit 114(2)(3) generates the
digital signal 116(2)(3) (e.g., logic 1 value) by comparing the DAC analog signal
106(2)(3) (e.g., 0.5625V value) with the analog input signal VIN. The digital signals
116(2)(1)-116(2)(3) are converted into the digital bits DG(2), DG(1) by a stage 120(2) of
the TTB circuit 118.

[0031] For example, with continuing reference to Figure 2, to generate the digital bits
DG(2), DG(1) in this aspect, the stage 120(2) of the TTB circuit 118 employs inverters
206(2)(1), 206(2)(2), AND-based gates 208(2)(1), 208(2)(2) (e.g., AND gates 208(2)(1),
208(2)(2)), and OR-based gates 210(2)(1), 210(2)(2) (e.g., OR gates 210(2)(1),
210(2)(2)). The digital signal 116(2)(1) (e.g., 0 value) is provided to the inverter
206(2)(1) such that the inverter 206(2)(1) generates a complement digital signal
116°(2)(1) (e.g., 1 value), which is provided to the AND gates 208(2)(1), 208(2)(2).
Additionally, the digital signal 116(2)(2) (e.g., O value) is provided to the AND gate
208(2)(1). In this manner, the AND gate 208(2)(1) generates an intermediary digital
signal 212(2)(1) that has a logic high “1” value if the digital signal 116(2)(1) has a logic
low “0” value while the digital signal 116(2)(2) has a logic high “1” value. The
intermediary digital signal 212(2)(1) (e.g., 0 value) is provided to the inverter 206(2)(2),
wherein the inverter 206(2)(2) generates a complement intermediary digital signal
212°(2)(1) (e.g., 1 value) that is provided to the AND gate 208(2)(2). The digital signal
116(2)(3) (e.g., 1 value) is also provided to the AND gate 208(2)(2), wherein the AND
gate 208(2)(2) generates an intermediary digital signal 212(2)(2) that has a logic high “1”
value if the digital signals 116(2)(1), 116(2)(2) each have a logic low “0” value while the
digital signal 116(2)(3) has a logic high “1” value, and a logic low “0” value otherwise.
The digital signal 116(2)(1) (e.g., 0 value) and the intermediary digital signal 212(2)(1)
(e.g., 0 value) are provided to the OR gate 210(2)(1), wherein the OR gate 210(2)(1)
generates the digital bit DG(2) (e.g., 0 value) of the digital output signal DOUT.
Additionally, the digital signal 116(2)(1) (e.g., 0 value) and the intermediary digital signal
212(2)(2) (e.g., 1 value) are provided to the OR gate 210(2)(2), wherein the OR gate
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210(2)(2) generates the digital bit DG(1) (e.g., 1 value) of the digital output signal DOUT,
such that the digital output signal DOUT in this example equals “1001.”

[0032] Figure 3 illustrates an exemplary process 300 used by the multiple-bit parallel
SA Flash ADC circuit 100 of Figure 1 to convert the analog input signal VIN into the
digital output signal DOUT. The process 300 includes receiving a reference voltage
VREF (block 302). The process 300 also includes receiving a plurality of trial bit codes
104(1)(1)-104(B)(C), wherein each trial bit code 104(1)(1)-104(B)(C) of the plurality of
trial bit codes 104(1)(1)-104(B)(C) comprises a digital bit sequence with defined values
for one or more digital bits DG(1)-DG(A) (block 304). Additionally, the process 300
includes generating a plurality of DAC analog signals 106(1)(1)-106(B)(C), wherein each
DAC analog signal 106(1)(1)-106(B)C) is based on the reference voltage VREF and a
corresponding trial bit code 104(1)(1)-104(B)(C) (block 306). The process 300 also
includes receiving an analog input signal VIN (block 308). The process 300 further
includes generating one or more digital signals 116(1)(1)-116(B)(C) in a plurality of
parallel comparator stages 108(1)-108(B) (block 310). As described above, each digital
signal 116(1)(1)-116(B)(C) is generated by comparing the analog input signal VIN to a
corresponding DAC analog signal 106(1)(1)-106(B)(C) such that each digital signal
116(1)(1)-116(B)(C) has a logic high “1” value if the analog input signal VIN has a
greater voltage than the corresponding DAC analog signal 106(1)(1)-106(B)(C), and each
digital signal 116(1)(1)-116(B)(C) has a logic low “0” value if the analog input signal
VIN has a smaller voltage than the corresponding DAC analog signal 106(1)(1)-
106(B)(C). The process 300 also includes generating one or more digital bits DG(1)-
DG(A) corresponding to each parallel comparator stage 108(1)-108(B) based on the
digital signals 116(1)(1)-116(B)(C) of the corresponding parallel comparator stage
108(1)-108(B), wherein the one or more digital bits DG(1)-DG(A) collectively generate
the digital output signal DOUT that is a digital representation of the analog input signal
VIN (block 312). As discussed above, in this example, the TTB circuit 118 in Figure 1
is configured to receive the digital signals 116(1)(1)-116(B)(C) from the comparator
circuits 114(1)(1)-114(B)(C) of each parallel comparator stage 108(1)-108(B). The TTB
circuit 118 is further configured to generate the digital bits DG(1)-DG(A) corresponding
to each parallel comparator stage 108(1)-108(B) to generate the digital output signal
DOUT.
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[0033] As noted above, the DAC circuit 102 in the multiple-bit parallel SA Flash
ADC circuit 100 of Figure 1 can employ one multiple-output DAC circuit instead of the
DAC arrays 110(1)-110(B) to reduce overall area consumption. In this regard, Figure 4
illustrates an exemplary multiple-bit parallel SA Flash ADC circuit 400 that employs a
multiple-output DAC circuit 402 for the DAC circuit 102 instead of single-output DAC
circuits 112(1)(1)-112(B)(C) for each corresponding comparator circuit 114(1)(1)-
114(B)(C) as in the multiple-bit parallel SA Flash ADC circuit 100 of Figure 1. The
multiple-bit parallel SA Flash ADC circuit 400 in this aspect is a two (2) bit parallel eight
(8) bit SA Flash ADC circuit 400, wherein the multiple-output DAC circuit 402 employs
a DAC stage 404(1)-404(4) corresponding to each parallel comparator stage 108(1)-
108(4). Other aspects employing the multiple-output DAC circuit 402 can include any
number of DAC stages 404(1)-404(B), wherein each DAC stage 404(1)-404(B)
corresponds to a parallel comparator stage 108(1)-108(B). The multiple-bit parallel SA
Flash ADC circuit 400 includes common elements with the multiple-bit parallel SA Flash
ADC circuit 100 of Figure 1, which are referred to with common element numbers in
Figure 1 and Figure 4, and thus will not re-described herein.

[0034] With continuing reference to Figure 4, each DAC stage 404(1)-404(4) is
configured to generate corresponding DAC voltages VDAC(1)-VDAC(3), wherein each
DAC voltage VDAC(1)-VDAC(3) of each DAC stage 404(1)-404(4) is provided to a
corresponding comparator circuit 114(1)(1)-114(4)(3) in each corresponding parallel
comparator stage 108(1)-108(4). In particular, each DAC stage 404(1)-404(4) is
configured to receive a corresponding top voltage VTOP(1)-VTOP(4) and a
corresponding bottom voltage VBOT(1)-VBOT(4). Each DAC stage 404(1)-404(4) is
further configured to generate each DAC voltage VDAC(1)-VDAC(3) by dividing a
voltage range of each corresponding top voltage VTOP(1)-VTOP(4) and each bottom
voltage VBOT(1)-VBOT(4). For example, the reference voltage VREF is provided to
the DAC stage 404(1) as the top voltage VTOP(1), while a ground signal is provided to
the DAC stage 404(1) as the bottom voltage VBOT(1). Thus, the DAC voltages
VDAC(1)-VDAC(3) of the DAC stage 404(1) are divisions of the range between the
reference voltage VREF and the ground signal. In this manner, the parallel comparator
stage 108(1) generates the digital signals 116(1)(1)-116(1)(3) based on each division of
the voltage reference VREF such that the digital bits DG(8), DG(7) are generated based

on whether the analog input voltage VIN is greater than or less than each corresponding
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DAC voltage VDAC(1)-VDAC(3). In this manner, the DAC voltages VDAC(1)-
VDAC(3) eliminate the need for the trial bit codes 104(1)(1)-104(1)(3) discussed with
reference to Figure 1. Further, although each DAC stage 404(1)-404(4) in this aspect is
configured to generate a set of DAC voltages VDAC(1)-VDAC(3), other aspects may be
configured to generate any number N of DAC voltages VDAC(1)-VDAC(N).

[0035] With continuing reference to Figure 4, the digital bits DG(8)-DG(3) are used
to determine the top voltage VTOP(2)-VTOP(4) and the bottom voltage VBOT(2)-
VBOT(4) for the subsequent DAC stages 404(2)-404(4). For example, in response to the
digital bits DG(8), DG(7) reaching a stable state, the DAC stage 404(1) provides the top
voltage VTOP(2) and the bottom voltage VBOT(2) for the DAC stage 404(2) from output
nodes RA(1), RB(1). Additionally, the digital bits DG(6)-DG(5) are used by the DAC
stage 404(2) to determine the top and bottom voltages VTOP(3), VBOT(3) to provide to
the DAC stage 404(3) from output nodes RA(2), RB(2). Further, the digital bits DG(4),
DG(3) are used by the DAC stage 404(3) to determine the top and bottom voltages
VTOP(4), VBOT(4) to provide to the DAC stage 404(4) from output nodes RA(3), RB(3).
Using the digital bits DG(8), DG(7) in this manner results in the top and bottom voltages
VTOP(2), VBOT(2) having a voltage range in which the analog input voltage VIN falls
within. Thus, the top voltages VTOP(1)-VTOP(4) and the bottom voltages VBOT(1)-
VBOT(4) are generated such that the multiple-bit parallel SA Flash ADC circuit 400 is
able to use successive approximation when generating the digital bits DG(8)-DG(1).
Additionally, the digital bits DG(6)-DG(5) are used by the DAC stage 404(2) to determine
the top and bottom voltages VTOP(3), VBOT(3) to provide to the DAC stage 404(3) from
output nodes RA(2), RB(2). Further, the digital bits DG(4), DG(3) are used by the DAC
stage 404(3) to determine the top and bottom voltages VTOP(4), VBOT(4) to provide to
the DAC stage 404(4) from output nodes RA(3), RB(3). The digital bits DG(2), DG(1)
are not provided to the DAC stage 404(4) because the DAC stage 404(4) (i.e., the final
DAC stage 404(4) of the multiple-output DAC circuit 402) does not provide voltages to
a subsequent DAC stage. Rather, in this aspect, a resistor 406 is electrically coupled to
output nodes RA(4), RB(4) of the DAC stage 404(4).

[0036] With continuing reference to Figure 4, it is worth noting that some aspects of
the multiple-bit parallel SA Flash ADC circuit 400 may be designed such that the number
D of digital bits DG(1)-DG(A) of each corresponding parallel comparator stage 108(1)-
108(B) is equal to one (1). Thus, the number C is equal to one (1) (e.g., C=(2"D)-1 =
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(2°1) -1 = 1) such that each parallel comparator stage 108(1)-108(B) includes one (1)
corresponding comparator circuit 114(1)(1)-114(B)(1). In such aspects, the system
compare circuit 109 does not include the TTB circuit 118, as the digital signal 116(1)(1)-
116(B)(1) of each corresponding comparator circuit 114(1)(1)-114(B)(1) serves as the
corresponding digital bit DG(1)-DG(A).

[0037] Employing the multiple-output DAC circuit 402 as described above reduces
the area consumption of the DAC circuit 102 compared to employing the DAC arrays
110(1)-110(B) described in Figure 1, because each DAC stage 404(1)-404(4) can be
implemented with less circuitry than each DAC array 110(1)-110(B) in Figure 1. In this
regard, Figure 5 illustrates an exemplary resistor rotator circuit 500 that can be employed
in each DAC stage 404(1)-404(4) of Figure 4. The resistor rotator circuit S00 is
configured to receive a top voltage VTOP on a top voltage input node TOP, and a bottom
voltage VBOT on a bottom voltage input node BOT. The resistor rotator circuit 500 also
includes a decoder circuit 502 configured to receive the digital bits DG(2), DG(1) of the
corresponding parallel comparator stage 108, and generate decode signals DS(1)-DS(4)
based on the digital bits DG(2), DG(1). In this aspect, the decoder circuit 502 is a one-
hot decoder, wherein only one of the decode signals DS(1)-DS(4) has a logic high “1”
value for any given value of the digital bits DG(2), DG(1). For example, the decode
signals DS(1)-DS(4) are generated according to the following logic functions: DS(1) =
(inverse DG(2) AND inverse DG(1)); DS(2) = (inverse DG(2) AND DG(1)); DS(3) =
(DG(2) AND inverse DG(1)); and DS(4) = DG(2) AND DG(1)). The resistor rotator
circuit 500 also includes inverters 504(1)-504(4) configured to receive a corresponding
decode signal DS(1)-DS(4), and generate corresponding inverse decode signals DS’(1)-
DS’(4).

[0038] With continuing reference to Figure 5, the resistor rotator circuit 500 also
includes switches S06(1)-506(12), wherein a logic high “1” value closes a switch 506(1)-
506(12), and a logic low “0” value opens a switch 506(1)-506(12). The switches 506(1)-
506(4) are configured to receive a corresponding inverse decode signal DS’(1)-DS’(4).
Additionally, the switches 506(5), 506(7) are configured to receive the decode signal
DS(4), the switches 506(6), 506(9) are configured to receive the decode signal DS(3),),
the switches 506(8), 506(11) are configured to receive the decode signal DS(2), and the
switches 506(10), 506(12) are configured to receive the decodes signal D(1). A resistor
RADIJ is also included, wherein a first node 508(1) is electrically coupled to a top voltage
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output node RA, and a second node 508(2) is electrically coupled to a bottom voltage
output node RB. A resistance of the resistor RADJ may be adjusted such that the parallel
combination of the resistor RADJ and a desired resistance R NEXT of a next DAC stage
404 is maintained at a desired constant value so that the resistor rotator circuit 500
generates the desired output. The resistance R NEXT is equal to the sum total of resistors
510(1)-510(4) and assuming that resistances of the switches 506(1)-506(4) are negligible
in comparison in this example. Additionally, the resistor rotator circuit 500 includes the
resistors 510(1)-510(4) serially coupled alternatingly with the corresponding switches
506(1)-506(4), and coupled in parallel with switches 506(5)-506(12). The resistance of
resistor RADJ may be equal to the resistance of the resistors 510(1)-510(4). In particular,
a first node 512(1)(1) of the resistor 510(1) is electrically coupled to the switch 506(1),
and a second node 512(1)(2) is electrically coupled to the switches 506(2), 506(6), and
506(7). A first node 512(2)(1) of the resistor 510(2) is electrically coupled to the switch
506(2), and a second node 512(2)(2) is electrically coupled to a first node 512(3)(1) of
the resistor 510(3) and the switches 506(8), 506(9). The first node 512(3)(1) of the
resistor 510(3) is electrically coupled to the switches 506(8), 5S06(9), and a second node
512(3)(2) is electrically coupled to the switch 506(3). A first node 512(4)(1) of the
resistor 510(4) is electrically coupled to the switches 506(3), 506(10), and 506(11), and a
second node 512(4)(2) is electrically coupled to the switch 506(4). Note that the switches
506(1)-506(12) could also be implemented using transistors of "low enough" on-
resistance.

[0039] With continuing reference to Figure 5, the configuration above results in the
resistor rotator circuit 500 generating the DAC voltages VDAC(1)-VDAC(3), each of
which is within the voltage range between the top voltage VTOP and the bottom voltage
VBOT. In this aspect, the resistors 510(1)-510(4) each have an approximately equal
resistance (e.g., 2 kilo-Ohms (kQ)) such that the DAC voltages VDAC(1)-VDAC(3) are
equal divisions of the voltage range between the top voltage VTOP and the bottom voltage
VBOT. Additionally, if employing the resistor rotator circuit 500 for each DAC stage
404(1)-404(4) in Figure 4, the resistor 406 has a resistance of eight (8) kilo-Ohms (kQ),
and the resistor RADJ between the first node 508(1) and the second node 508(2) would
have a value of 2.667 kQ2. For example, if the reference voltage VREF is equal to one
(1.0) Volt (V), then the DAC voltages VDAC(3)-VDAC(1) may equal 0.75 V, 0.5V, and
0.25 V, respectively, regardless of the values of the digital bits DG(2), DG(1).
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Additionally, the configuration above results in the resistor rotator circuit 500 generating
a next stage top voltage VTOP’ on the top voltage output node TOP_OUT, and a next
stage bottom voltage VBOT’ on the bottom voltage output node BOT OUT, wherein the
next stage top and bottom voltages VTOP’, VBOT’ are determined according to which
of the switches 506(1)-506(12) are open or closed based on the digital bits DG(2), DG(1).
Further, although the resistor rotator circuit 500 in this aspect is configured to generate
the DAC voltages VDAC(1)-VDAC(3), other aspects may be configured to generate any
number N of DAC voltages VDAC(1)-VDAC(N).

[0040] Figure 6 illustrates another exemplary multiple-bit parallel SA Flash ADC
circuit 600 that employs another topology of multiple-output DAC circuit 602 instead of
single-output DAC circuits 112(1)(1)-112(B)(C) for each corresponding comparator
circuit 114(1)(1)-114(B)(C) as in the multiple-bit parallel SA Flash ADC circuit 100 of
Figure 1. The multiple-bit parallel SA Flash ADC circuit 600 in this aspect is a two (2)
bit parallel four (4) bit SA Flash ADC circuit 600. The multiple-bit parallel SA Flash
ADC circuit 600 includes common elements with the multiple-bit parallel SA Flash ADC
circuit 400 of Figure 4 and the resistor rotator circuit 500 in Figure 5, which are referred
to with common element numbers in Figures 4, 5, and 6, and thus will not re-described
herein.

[0041] With continuing reference to Figure 6, the multiple-output DAC circuit 602
includes serially connected resistors 604(1)-604(16), wherein the resistor 604(16) (i.e.,
the top resistor 604(16)) is electrically coupled to a top voltage input node TOP
configured to receive a top voltage VTOP, and the resistor 604(1) (i.e., the bottom resistor
604(1)) is electrically coupled to a bottom voltage input node BOT configured to receive
a bottom voltage VBOT. In this aspect, each of the resistors 604(1)-604(16) has
approximately the same resistance (e.g., 2 kQ) such that a divided voltage VDIV(1)-
VDIV(15) corresponding to each pair of the resistors 604(1)-604(16) are approximately
equal divisions of the voltage range VTOP-VBOT. For example, if the top voltage VTOP
is approximately equal to 1.0 V and the bottom voltage VBOT is approximately equal to
0 V, then the resistors 604(1)-604(16) are configured to generate the divided voltages
VDIV(1)-VDIV(15)in increments differing by 0.0625 V (e.g., 1/16 V). Thus, the divided
voltage VDIV(1) corresponding to the resistors 604(1), 604(2) is approximately equal to
0.0625 V, the divided voltage VDIV(2) corresponding to the resistors 604(2), 604(3) is
approximately equal to 0.125 V, and the divided voltage VDIV(15) corresponding to the
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resistors 604(15), 604(16) is approximately equal to 0.9375 V. Further, the divided
voltage VDIV(12) is provided to the comparator circuit 114(1)(1) in the parallel
comparator stage 108(1), the divided voltage VDIV(8) is provided to the comparator
circuit 114(1)(2) in the parallel comparator stage 108(1), and the divided voltage VDIV(4)
is provided to the comparator circuit 114(1)(3) in the parallel comparator stage 108(1).
[0042] With continuing reference to Figure 6, the multiple-output DAC circuit 602
also includes switches 606(1)-606(12) electrically coupled to the parallel comparator
stage 108(2). The decoder circuit 502 is configured to receive the digital bits DG(4),
DG(3) of the corresponding parallel comparator stage 108(1), and generate decode signals
DS(4)-DS(1). The switches 606(1), 606(5), and 606(9) are configured to receive the
decode signal DS(4), and the switches 606(2), 606(6), and 606(10) are configured to
receive the decode signal DS(3). Additionally, the switches 606(3), 606(7), and 606(11)
are configured to receive the decode signal DS(2), and the switches 606(4), 606(8), and
606(12) are configured to receive the decode signal DS(2). The divided voltages
VDIV(15), VDIV(11), VDIV(7), and VDIV(3) are provided to the switches 606(1)-
606(4), respectively, wherein the switches 606(1)-606(4) are electrically coupled to the
comparator circuit 114(2)(1) in the parallel comparator stage 108(2). The divided
voltages VDIV(14), VDIV(10), VDIV(6), and VDIV(2) are provided to the switches
606(5)-606(8), respectively, wherein the switches 606(5)-606(8) are electrically coupled
to the comparator circuit 114(2)(2) in the parallel comparator stage 108(2). Further, the
divided voltages VDIV(13), VDIV(9), VDIV(5), and VDIV(1) are provided to the
switches 606(9)-606(12), respectively, wherein the switches 606(9)-606(12) are
electrically coupled to the comparator circuit 114(2)(3) in the parallel comparator stage
108(2). Employing the multiple-output DAC circuit 602 as described above reduces the
area consumption of the DAC circuit 102 compared to employing the DAC arrays
110(1)(1)-110(B)C) described in Figure 1, because the multiple-output DAC circuit 602
can be implemented with less circuitry than each DAC array 110(1)(1)-110(B)(C) in
Figure 1.

[0043] The elements described herein are sometimes referred to as means for
performing particular functions. In this regard, the DAC circuit 102 is sometimes referred
to herein as “a means for converting a digital value into an analog value configured to[]
receive a reference voltage[,] and generate a plurality of DAC analog signals, wherein

each DAC analog signal is based on the reference voltage.” The parallel comparator
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stages 108(1)-108(B) are sometimes referred to herein as “a plurality of means for
comparing values in parallel.” The comparator circuits 114(1)(1)-114(B)(C) are
sometimes referred to herein as the “means for comparing values,” wherein “each means
for comparing values in parallel comprises[] a number of means for comparing, wherein][ |
the number of means for comparing of each means for comparing values in parallel is
equal to two (2) raised to a number of digital bits of the corresponding means for
comparing values in parallel, quantity minus one (1).” Further, “each number of means
for comparing is configured to[] receive an analog input signal[,] receive a corresponding
DAC analog signal[,] and generate a digital signal,” wherein “the digital signal has a logic
high value if the analog input signal has a greater voltage than the corresponding DAC
analog signal[,] and the digital signal has a logic low value if the analog input signal has
a smaller voltage than the corresponding DAC analog signal.” The TTB circuit 118 is
sometimes referred to herein as “a means for binary conversion, configured to[] receive
the digital signals from the number of means for comparing of each means for comparing
values in parallel of the plurality of means for comparing values in parallel[,] and generate
one or more digital bits corresponding to each means for comparing values in parallel,
wherein the one or more digital bits collectively generate a digital output signal that is a
digital representation of the analog input signal.” The multiple-output DAC circuit 402
is sometimes referred to herein as “a multiple-output means for converting a digital value
into an analog value.” The resistor rotator circuit 500 is sometimes referred to herein as
“a means for dividing a voltage configured to generate the corresponding number of DAC
analog signals by generating divisions of the voltage range.”

[0044] The multiple-bit parallel SA Flash ADC circuits according to aspects
disclosed herein may be provided in or integrated into any processor-based device.
Examples, without limitation, include a set top box, an entertainment unit, a navigation
device, a communications device, a fixed location data unit, a mobile location data unit,
a global positioning system (GPS) device, a mobile phone, a cellular phone, a smart
phone, a session initiation protocol (SIP) phone, a tablet, a phablet, a server, a computer,
a portable computer, a mobile computing device, a wearable computing device (e.g., a
smart watch, a health or fitness tracker, eyewear, etc.), a desktop computer, a personal
digital assistant (PDA), a monitor, a computer monitor, a television, a tuner, a radio, a

satellite radio, a music player, a digital music player, a portable music player, a digital
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video player, a video player, a digital video disc (DVD) player, a portable digital video
player, an automobile, a vehicle component, avionics systems, a drone, and a multicopter.
[0045] In this regard, Figure 7 illustrates an example of a processor-based system 700
that can include elements employing the multiple-bit parallel SA Flash ADC circuits 100,
200, 400, and 600 of Figures 1, 2, 4, and 6, respectively. In this example, the processor-
based system 700 includes one or more central processing units (CPUs) 702, each
including one or more processors 704. The CPU(s) 702 may have cache memory 706
coupled to the processor(s) 704 for rapid access to temporarily stored data. The CPU(s)
702 is coupled to a system bus 708 and can intercouple master and slave devices included
in the processor-based system 700. As is well known, the CPU(s) 702 communicates
with these other devices by exchanging address, control, and data information over the
system bus 708. For example, the CPU(s) 702 can communicate bus transaction requests
to a memory controller 710 as an example of a slave device. Although not illustrated in
Figure 7, multiple system buses 708 could be provided, wherein each system bus 708
constitutes a different fabric.

[0046] Other master and slave devices can be connected to the system bus 708. As
illustrated in Figure 7, these devices can include a memory system 712, one or more input
devices 714, one or more output devices 716, one or more network interface devices 718,
and one or more display controllers 720, as examples. The input device(s) 714 can
include any type of input device, including, but not limited to, input keys, switches, voice
processors, etc. The output device(s) 716 can include any type of output device,
including, but not limited to, audio, video, other visual indicators, etc. The network
interface device(s) 718 can be any device configured to allow exchange of data to and
from a network 722. The network 722 can be any type of network, including, but not
limited to, a wired or wireless network, a private or public network, a local area network
(LAN), a wireless local area network (WLAN), a wide area network (WAN), a
BLUETOOTH™ network, and the Internet. The network interface device(s) 718 can be
configured to support any type of communications protocol desired. The memory system
712 can include one or more memory units 724(0)-724(N).

[0047] The CPU(s) 702 may also be configured to access the display controller(s) 720
over the system bus 708 to control information sent to one or more displays 726. The
display controller(s) 720 sends information to the display(s) 726 to be displayed via one

or more video processors 728, which process the information to be displayed into a format
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suitable for the display(s) 726. The display(s) 726 can include any type of display,
including, but not limited to, a cathode ray tube (CRT), a liquid crystal display (LCD), a
plasma display, a light emitting diode (LED) display, etc.

[0048] Figure 8 illustrates an exemplary wireless communications device 800 that
includes radio frequency (RF) components formed in an integrated circuit (IC) 802,
wherein the RF components can include elements employing the multiple-bit parallel SA
Flash ADC circuits 100, 200, 400, and 600 of Figures 1, 2, 4, and 6, respectively. In this
regard, the wireless communications device 800 may be provided in the IC 802. The
wireless communications device 800 may include or be provided in any of the above
referenced devices, as examples. As shown in Figure 8, the wireless communications
device 800 includes a transceiver 804 and a data processor 806. The data processor 806
may include a memory to store data and program codes. The transceiver 804 includes a
transmitter 808 and a receiver 810 that support bi-directional communications. In general,
the wireless communications device 800 may include any number of transmitters 808
and/or receivers 810 for any number of communication systems and frequency bands. All
or a portion of the transceiver 804 may be implemented on one or more analog ICs, RF
ICs (RFICs), mixed-signal ICs, etc.

[0049] The transmitter 808 or the receiver 810 may be implemented with a super-
heterodyne architecture or a direct-conversion architecture. In the super-heterodyne
architecture, a signal is frequency-converted between RF and baseband in multiple stages,
e.g., from RF to an intermediate frequency (IF) in one stage, and then from IF to baseband
in another stage for the receiver 810. In the direct-conversion architecture, a signal is
frequency-converted between RF and baseband in one stage. The super-heterodyne and
direct-conversion architectures may use different circuit blocks and/or have different
requirements. In the wireless communications device 800 in Figure 8, the transmitter 808
and the receiver 810 are implemented with the direct-conversion architecture.

[0050] In the transmit path, the data processor 806 processes data to be transmitted
and provides I and Q analog output signals to the transmitter 808. In the exemplary
wireless communications device 800, the data processor 806 includes DACs 812(1),
812(2) for converting digital signals generated by the data processor 806 into the I and Q
analog output signals, e.g., I and Q output currents, for further processing.

[0051] Within the transmitter 808, lowpass filters 814(1), 814(2) filter the I and Q

analog output signals, respectively, to remove undesired signals caused by the prior
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digital-to-analog conversion. Amplifiers (AMP) 816(1), 816(2) amplify the signals from
the lowpass filters 814(1), 814(2), respectively, and provide I and Q baseband signals.
An upconverter 818 upconverts the I and Q baseband signals with I and Q transmit (TX)
local oscillator (LO) signals through mixers 820(1), 820(2) from a TX LO signal
generator 822 to provide an upconverted signal 824. A filter 826 filters the upconverted
signal 824 to remove undesired signals caused by the frequency upconversion as well as
noise in a receive frequency band. A power amplifier (PA) 828 amplifies the upconverted
signal 824 from the filter 826 to obtain the desired output power level and provides a
transmit RF signal. The transmit RF signal is routed through a duplexer or switch 830
and transmitted via an antenna 832.

[0052] In the receive path, the antenna 832 receives signals transmitted by base
stations and provides a received RF signal, which is routed through the duplexer or switch
830 and provided to a low noise amplifier (LNA) 834. The duplexer or switch 830 is
designed to operate with a specific receive (RX)-to-TX duplexer frequency separation,
such that RX signals are isolated from TX signals. The received RF signal is amplified
by the LNA 834 and filtered by a filter 836 to obtain a desired RF input signal.
Downconversion mixers 838(1), 838(2) mix the output of the filter 836 with [ and Q RX
LOssignals (i.e., LO IT'and LO Q) from an RX LO signal generator 840 to generate I and
Q baseband signals. The I and Q baseband signals are amplified by amplifiers (AMP)
842(1), 842(2) and further filtered by lowpass filters 844(1), 844(2) to obtain I and Q
analog input signals, which are provided to the data processor 806. In this example, the
data processor 806 includes ADCs 846(1), 846(2) for converting the analog input signals
into digital signals to be further processed by the data processor 806.

[0053] In the wireless communications device 800 of Figure 8, the TX LO signal
generator 822 generates the I and Q TX LO signals used for frequency upconversion,
while the RX LO signal generator 840 generates the I and Q RX LO signals used for
frequency downconversion. Each LO signal is a periodic signal with a particular
fundamental frequency. A TX phase-locked loop (PLL) circuit 848 receives timing
information from the data processor 806 and generates a control signal used to adjust the
frequency and/or phase of the TX LO signals from the TX LO signal generator 822.
Similarly, an RX PLL circuit 850 receives timing information from the data processor
806 and generates a control signal used to adjust the frequency and/or phase of the RX

LO signals from the RX 1O signal generator 840.
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[0054] Those of skill in the art will further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithms described in connection with the aspects
disclosed herein may be implemented as electronic hardware, instructions stored in
memory or in another computer readable medium and executed by a processor or other
processing device, or combinations of both. The master and slave devices described
herein may be employed in any circuit, hardware component, integrated circuit (IC), or
IC chip, as examples. Memory disclosed herein may be any type and size of memory and
may be configured to store any type of information desired. To clearly illustrate this
interchangeability, various illustrative components, blocks, modules, circuits, and steps
have been described above generally in terms of their functionality. How such
functionality is implemented depends upon the particular application, design choices,
and/or design constraints imposed on the overall system. Skilled artisans may implement
the described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the scope
of the present disclosure.

[0055] The various illustrative logical blocks, modules, and circuits described in
connection with the aspects disclosed herein may be implemented or performed with a
processor, a Digital Signal Processor (DSP), an Application Specific Integrated Circuit
(ASIC), a Field Programmable Gate Array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A processor may be a
microprocessor, but in the alternative, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor may also be implemented as a
combination of computing devices (e.g., a combination of a DSP and a microprocessor, a
plurality of microprocessors, one or more microprocessors in conjunction with a DSP
core, or any other such configuration).

[0056] The aspects disclosed herein may be embodied in hardware and in instructions
that are stored in hardware, and may reside, for example, in Random Access Memory
(RAM), flash memory, Read Only Memory (ROM), Electrically Programmable ROM
(EPROM), Electrically Erasable Programmable ROM (EEPROM)), registers, a hard disk,
a removable disk, a CD-ROM, or any other form of computer readable medium known
in the art. An exemplary storage medium is coupled to the processor such that the

processor can read information from, and write information to, the storage medium. In



WO 2020/046475 PCT/US2019/041507

26

the alternative, the storage medium may be integral to the processor. The processor and
the storage medium may reside in an ASIC. The ASIC may reside in a remote station. In
the alternative, the processor and the storage medium may reside as discrete components
in a remote station, base station, or server.

[0057] It is also noted that the operational steps described in any of the exemplary
aspects herein are described to provide examples and discussion. The operations
described may be performed in numerous different sequences other than the illustrated
sequences. Furthermore, operations described in a single operational step may actually
be performed in a number of different steps. Additionally, one or more operational steps
discussed in the exemplary aspects may be combined. It is to be understood that the
operational steps illustrated in the flowchart diagrams may be subject to numerous
different modifications as will be readily apparent to one of skill in the art. Those of skill
in the art will also understand that information and signals may be represented using any
of a variety of different technologies and techniques. For example, data, instructions,
commands, information, signals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by voltages, currents,
electromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

[0058] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined herein
may be applied to other variations without departing from the spirit or scope of the
disclosure. Thus, the disclosure is not intended to be limited to the examples and designs
described herein, but is to be accorded the widest scope consistent with the principles and

novel features disclosed herein.
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What is claimed is:

1. A multiple-bit parallel successive approximation (SA) Flash analog-to-digital
converter (ADC) circuit, comprising:

a digital-to-analog converter (DAC) circuit configured to:
receive a reference voltage; and
generate a plurality of DAC analog signals, wherein each DAC analog

signal is based on the reference voltage:;

a system compare circuit, comprising a plurality of parallel comparator stages,
wherein each parallel comparator stage of the plurality of parallel
comparator stages comprises:
one or more comparator circuits, wherein:

the one or more comparator circuits of each parallel comparator
stage is equal to two (2) raised to a number of digital bits
of the corresponding parallel comparator stage, quantity
minus one (1); and
each comparator circuit of the one or more comparator circuits is
configured to:
receive an analog input signal;
receive a corresponding DAC analog signal; and
generate a digital signal, wherein:
the digital signal has a logic high value if the analog
input signal has a greater voltage than the
corresponding DAC analog signal; and
the digital signal has a logic low value if the analog
input signal has a smaller voltage than the
corresponding DAC analog signal; and

the system compare circuit configured to generate one or more digital bits
corresponding to each parallel comparator stage based on each
corresponding digital signal, wherein the one or more digital bits
collectively generate a digital output signal that is a digital representation

of the analog input signal.
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2. The multiple-bit parallel SA Flash ADC circuit of claim 1, wherein the DAC
circuit comprises a plurality of DAC arrays, each DAC array of the plurality of DAC
arrays corresponding to a parallel comparator stage of the plurality of parallel comparator
stages and comprising a number of single-output DAC circuits, wherein:
the number of single-output DAC circuits of each DAC array is equal to a number
of the one or more comparator circuits of the corresponding parallel
comparator stage;
each single-output DAC circuit in the DAC array corresponding to most
significant bits of the digital output signal is configured to:
receive a corresponding trial bit code comprising a digital bit sequence
with defined values for one or more digital bits corresponding to
the digital output signal; and
generate the corresponding DAC analog signals, wherein each
corresponding DAC analog signal is based on the reference voltage
and the corresponding trial bit code; and
each single-output DAC circuit of the plurality of DAC arrays other than the DAC
array corresponding to the most significant bits is configured to:
receive a corresponding trial bit code and one or more digital bits of each
parallel comparator stage; and
generate the plurality of DAC analog signals, wherein each DAC analog
signal is based on the reference voltage, the corresponding trial bit

code, and the corresponding one or more digital bits.

3. The multiple-bit parallel SA Flash ADC circuit of claim 2, wherein the system
compare circuit further comprises a thermometer-to-binary (TTB) circuit, configured to:
receive the digital signals from the one or more comparator circuits of each
parallel comparator stage of the plurality of parallel comparator stages,

and
generate the one or more digital bits corresponding to each parallel comparator
stage, wherein the one or more digital bits collectively generate the digital

output signal that is the digital representation of the analog input signal.
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4, The multiple-bit parallel SA Flash ADC circuit of claim 1, wherein the DAC
circuit comprises a multiple-output DAC circuit comprising a plurality of DAC stages,
wherein:
each DAC stage of the plurality of DAC stages corresponds to a parallel
comparator stage of the plurality of parallel comparator stages; and
each DAC stage of the plurality of DAC stages is configured to:
receive a corresponding top voltage and a corresponding bottom voltage,
wherein a voltage range of the corresponding top voltage and the
corresponding bottom voltage is based on the reference voltage;
and
generate a number of DAC analog signals based on the corresponding top
voltage and the corresponding bottom voltage, wherein the number
of DAC analog signals is equal to a number of the one or more
comparator circuits in each corresponding parallel comparator

stage.

5. The multiple-bit parallel SA Flash ADC circuit of claim 4, wherein the system
compare circuit further comprises a thermometer-to-binary (TTB) circuit, configured to:
receive the digital signals from the one or more comparator circuits of each
parallel comparator stage of the plurality of parallel comparator stages;

and
generate the one or more digital bits corresponding to each parallel comparator
stage, wherein the one or more digital bits collectively generate the digital

output signal that is the digital representation of the analog input signal.

6. The multiple-bit parallel SA Flash ADC circuit of claim 4, wherein the number of
DAC analog signals generated by each DAC stage of the plurality of DAC stages has a

value that is a division of the voltage range.

7. The multiple-bit parallel SA Flash ADC circuit of claim 4, wherein each DAC
stage of the plurality of DAC stages comprises a resistor rotator circuit configured to
generate the corresponding number of DAC analog signals by generating divisions of the

voltage range.
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8. The multiple-bit parallel SA Flash ADC circuit of claim 7, wherein the resistor
rotator circuit of each DAC stage comprises:
a top voltage input node configured to receive the corresponding top voltage;
a bottom voltage input node configured to receive the corresponding bottom
voltage;
a decoder circuit configured to:
receive the one or more digital bits of the corresponding parallel
comparator stage; and
generate a number of decode signals based on the one or more digital bits,
wherein the number of decode signals is equal to two (2) raised to
a number of the one or more digital bits;
a plurality of inverters, wherein each inverter is configured to:
receive a corresponding decode signal; and
generate a corresponding inverse decode signal;
a plurality of switches, wherein:
a number of switches are configured to receive the corresponding inverse
decode signal; and
a number of switches are configured to receive the corresponding decode
signal; and
a plurality of resistors serially connected alternatingly with the number of switches
configured to receive the corresponding inverse decode signal, wherein the
plurality of resistors are arranged such that the plurality of resistors divide
the voltage range into the number of DAC analog signals and into the top

voltage and the bottom voltage to be provided to a next DAC stage.

9. The multiple-bit parallel SA Flash ADC circuit of claim 1, comprising four (4)
parallel comparator stages, wherein each parallel comparator stage comprises three (3)
comparator circuits such that the multiple-bit parallel SA Flash ADC circuit is configured

to generate a twelve (12) bit digital output signal.

10. The multiple-bit parallel SA Flash ADC circuit of claim 1, comprising two (2)

parallel comparator stages, wherein each parallel comparator stage comprises three (3)



WO 2020/046475 PCT/US2019/041507

31

comparator circuits such that the multiple-bit parallel SA Flash ADC circuit is configured

to generate a six (6) bit digital output signal.

11. The multiple-bit parallel SA Flash ADC circuit of claim 1 integrated into an
integrated circuit (IC).

12. The multiple-bit parallel SA Flash ADC circuit of claim 1 integrated into a device
selected from the group consisting of: a set top box; an entertainment unit; a navigation
device; a communications device; a fixed location data unit; a mobile location data unit;
a global positioning system (GPS) device; a mobile phone; a cellular phone; a smart
phone; a session initiation protocol (SIP) phone; a tablet; a phablet; a server; a computer;
a portable computer; a mobile computing device; a wearable computing device; a desktop
computer; a personal digital assistant (PDA); a monitor; a computer monitor; a television;
a tuner; a radio; a satellite radio; a music player; a digital music player; a portable music
player; a digital video player; a video player; a digital video disc (DVD) player; a portable
digital video player; an automobile; a vehicle component; avionics systems; a drone; and

a multicopter.

13. A multiple-bit parallel successive approximation (SA) Flash analog-to-digital
converter (ADC) circuit, comprising:
a means for converting a digital value into an analog value, configured to:
receive a reference voltage;
generate a plurality of digital-to-analog converter (DAC) analog signals,
wherein each DAC analog signal is based on the reference voltage;
a means for generating digital bits, comprising a plurality of means for comparing
values in parallel, wherein each means for comparing values in parallel
comprises:
a number of means for comparing, wherein:
the number of means for comparing of each means for comparing
values in parallel is equal to two (2) raised to a number of
digital bits of the corresponding means for comparing
values in parallel, quantity minus one (1); and

each means for comparing is configured to:
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receive an analog input signal;
receive a corresponding DAC analog signal; and
generate a digital signal, wherein:
the digital signal has a logic high value if the analog
input signal has a greater voltage than the
corresponding DAC analog signal; and
the digital signal has a logic low value if the analog
input signal has a smaller voltage than the
corresponding DAC analog signal;
the means for generating digital bits configured to generate one or more digital
bits corresponding to each means for comparing values in parallel, wherein
the one or more digital bits collectively generate a digital output signal that

is a digital representation of the analog input signal.

14.  The multiple-bit parallel SA Flash ADC circuit of claim 13, wherein the means
for converting the digital value into the analog value comprises a plurality of DAC arrays,
each DAC array of the plurality of DAC arrays corresponds to the means for comparing
values in parallel and comprises a number of single-output means for converting a digital
value into an analog value, wherein:
the number of single-output means for converting the digital value into the analog
value of each DAC array is equal to the number of means for comparing
of the corresponding means for comparing values in parallel;
each single-output means for converting the digital value into the analog value in
the DAC array corresponding to most significant bits of the digital output
signal is configured to:
receive a trial bit code comprising a digital bit sequence with defined
values for the one or more digital bits corresponding to the digital
output signal; and
generate the corresponding plurality of DAC analog signals, wherein each
corresponding DAC analog signal is based on the reference voltage

and the corresponding trial bit code; and
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each single-output means for converting the digital value into the analog value of
the plurality of DAC arrays other than the DAC array corresponding to the
most significant bits is configured to:
receive a corresponding trial bit code and one or more digital bits of the
one or more digital bits generated by the means for comparing
values in parallel; and
generate the plurality of DAC analog signals, wherein each DAC analog
signal is based on the reference voltage, the corresponding trial bit

code, and the corresponding one or more digital bits.

15.  The multiple-bit parallel SA Flash ADC circuit of claim 13, wherein the means

for generating digital bits further comprises a means for binary conversion, configured to:

receive digital signals from one or more comparator circuits of each parallel
comparator stage of a plurality of parallel comparator stages; and

generate one or more digital bits corresponding to each parallel comparator stage,

wherein the one or more digital bits collectively generate the digital output

signal that is the digital representation of the analog input signal.

16.  The multiple-bit parallel SA Flash ADC circuit of claim 13, wherein the means
for converting the digital value into the analog value comprises a multiple-output means
for converting a digital value into an analog value comprising a plurality of DAC stages,
wherein:
each DAC stage of the plurality of DAC stages corresponds to the means for
comparing values in parallel; and
each DAC stage of the plurality of DAC stages is configured to:
receive a corresponding top voltage and a corresponding bottom voltage,
wherein a voltage range of the corresponding top voltage and the
corresponding bottom voltage is based on the reference voltage;
and
generate a number of DAC analog signals based on the corresponding top
voltage and the corresponding bottom voltage, wherein the number

of DAC analog signals is equal to the number of means for
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comparing in the corresponding means for comparing values in

parallel.

17. The multiple-bit parallel SA Flash ADC circuit of claim 16, wherein a compare
circuit further comprises a thermometer-to-binary (TTB) circuit, configured to:
receive the digital signals from one or more comparator circuits of each parallel
comparator stage of the plurality of parallel comparator stages; and
generate the one or more digital bits corresponding to each parallel comparator
stage, wherein the one or more digital bits collectively generate the digital

output signal that is the digital representation of the analog input signal.

18. The multiple-bit parallel SA Flash ADC circuit of claim 16, wherein the number
of DAC analog signals generated by each DAC stage of the plurality of DAC stages has

a value that is a division of the voltage range.

19. The multiple-bit parallel SA Flash ADC circuit of claim 16, wherein each DAC
stage of the plurality of DAC stages comprise a means for dividing a voltage configured
to generate the corresponding number of DAC analog signals by generating divisions of

the voltage range.

20. A method for converting an analog input signal into a digital output signal,
wherein multiple digital bits of the digital output signal are determined in parallel,
comprising:
receiving a reference voltage;
generating a plurality of digital-to-analog converter (DAC) analog signals,
wherein each DAC analog signal is based on the reference voltage;
receiving the analog input signal;
generating one or more digital signals in a plurality of parallel comparator stages,
wherein:
each digital signal is generated by comparing the analog input signal to a

corresponding DAC analog signal;
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each digital signal has a logic high value if the analog input signal has a
greater voltage than the corresponding DAC analog signal; and

each digital signal has a logic low value if the analog input signal has a
smaller voltage than the corresponding DAC analog signal; and

generating one or more digital bits corresponding to each parallel comparator

stage based on the one or more digital signals of the corresponding parallel

comparator stage, wherein the one or more digital bits collectively

generate a digital output signal that is a digital representation of the analog

input signal.

The method of claim 20, wherein a DAC circuit comprises a plurality of DAC

arrays, further comprising:

22.

23.

receiving a trial bit code comprising a digital bit sequence with defined values for
the one or more digital bits corresponding to the digital output signal; and

generating a number of DAC analog signals corresponding to most significant bits
of the digital output signal, wherein each corresponding DAC analog
signal is based on the reference voltage and the corresponding trial bit
code; and

generating remaining DAC analog signals not corresponding to the most
significant bits of the digital output signal, wherein each remaining DAC
analog signal is based on the reference voltage, the corresponding trial bit

code, and the corresponding one or more digital bits.

The method of claim 20, further comprising:

receiving a corresponding top voltage and a corresponding bottom voltage,
wherein a voltage range of the corresponding top voltage and the
corresponding bottom voltage is based on the reference voltage; and

generating a number of DAC analog signals based on the corresponding top
voltage and the corresponding bottom voltage, wherein the number of

DAC analog signals is equal to a number of digital signals.

The method of claim 22, wherein the number of DAC analog signals has a value

that is a division of the voltage range.
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