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PROGRAMMABLE SWITCHED CAPACITOR BLOCK

RELATED APPLICATIONS

[0001] This application is an International Application of U.S. Application No.
14/493,635 filed on September 23, 2014 and also claims the benefit of U.S. Provisional
Application No. 62/005,532 filed on May 30, 2014, both of which are incorporated by

reference herein in their entirety.

TECHNICAL FIELD
[0002] The present disclosure relates generally to processing devices and particularly

to processing devices having a programmable switched capacitor block.

BACKGROUND

[0003] Processing devices, such as microcontrollers, may have embedded processors,
memories, and special function analog circuits. Typical analog circuits found in
microcontrollers include Continuous Time (CT) amplifiers having preset functions with
given functional parameters. For instance, a CT analog amplifier may be a fixed function
circuit, such as a voltage amplifier, in which certain parameters, such as gain or
bandwidth may be changed or altered.

[0004] Switched Capacitor (SC) analog circuits are also frequently incorporated into
microcontroller designs. A SC analog circuit may be more versatile than CT analog
circuits in that it may be possible to alter certain circuit functions as well as the
parameters of the circuit function. However, both CT and SC analog circuits found in
current microcontrollers cannot generally be dynamically programmed (e.g., programmed
"on-the-fly").

[0005] Several other design considerations related to microcontroller utilization either
go unaddressed, or require separate functionalities to enable them. For instance, existing
designs do not offer a programmable analog circuit that may be used to implement
various functions on the same semiconductor chip. As a result, realization of an analog
function may require fixed functional analog blocks. If a microcontroller design is to

include multiple analog functions, then each of the analog functions may require a
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separate fixed functional analog circuit requiring additional space on the semiconductor
chip and additional complexity with regard to the semiconductor chip design. Further,
existing microcontroller realizations generally require pre-programming and cannot be

dynamically programmed.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0006] The present disclosure is illustrated by way of example, and not of limitation,

in the figures of the accompanying drawings in which:

[0007] FIG. 1 illustrates an embodiment of a core architecture of a processing
device.
[0008] FIG. 2 illustrates another embodiment of a core architecture of a processing

device with a programmable switched capacitor block.

[0009] FIG. 3 is a block diagram of an example programmable switched capacitor
block in accordance with some embodiments of the present disclosure.

[0010] FIG. 4 is a flow diagram of an example method to configure a programmable
switched capacitor block based on an analog function in accordance with some
embodiments.

[0011] FIG. 5 is a block diagram of two half blocks of an example programmable
switched capacitor block in accordance with some embodiments of the present disclosure.
[0012] FIG. 6 is an illustration of an example switched capacitor used in the
programmable switched capacitor block in accordance with some embodiments.

[0013] FIG. 7A is a block diagram of an example half block of a programmable
switched capacitor block in accordance with some embodiments of the present disclosure.
[0014] FIG. 7B is a block diagram of an example programmable switched capacitor
block in accordance with some embodiments of the present disclosure.

[0015] FIG. 8 is a flow diagram of an example method to configure a programmable
switched capacitor block based on single ended signal or differential signal functionality

associated with an analog function in accordance with some embodiments.
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DETAILED DESCRIPTION

[0016] Aspects of the present disclosure are directed to a programmable switched
capacitor block. A processing device may include the programmable switched capacitor
block. For example, a system on a chip (SoC) may include the programmable switched
capacitor block to implement multiple analog functions. The programmable switched
capacitor block may be configured or programmed to implement a first analog function at
a first time and the programmable switched capacitor block may be configured or
programmed to implement a second analog function at a second time. Accordingly, the
same programmable switched capacitor block may be used to implement various analog
functions.

[0017] The programmable switched capacitor block may include multiple switched
capacitors. A switched capacitor may refer to an electronic circuit component that uses
one or more switches to move charge into and out of capacitors as one or more of the
switches are open and closed. A switch may refer to an electronic circuit component that
can either be in an opened state (i.e., the switch is non-conducting) or in a closed state
(i.e., the switch is conducting). The programmable switched capacitor block may include
multiple branches that each include multiple switched capacitors. Furthermore, the
programmable switched capacitor block may include additional circuit components (e.g.,
operational amplifiers, comparators, buffers, etc.) that may receive the charge from the
capacitors in the switched capacitors from the branches of the programmable switched
capacitor block to implement a particular analog function and to provide an analog output
signal. For example, specific switches of the programmable switched capacitor block
may be configured (e.g., opened or closed) in order to implement a desired analog
function and to output a corresponding analog signal. Accordingly, switches of the
programmable switched capacitor block may be opened or closed to implement the
desired analog function.

[0018] In some embodiments, the programmable switched capacitor block may
include two portions, or half blocks, where each half block may be used to implement a
different analog function and to output a single ended signal. Alternatively, both half
blocks of the same programmable switched capacitor block may be used to implement

one analog function and to output a differential signal. A differential signal may refer to a
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signal that is based on two complementary signals transmitted over two separate wires
and a single ended signal may refer to a signal that is transmitted over a wire that
represents the signal while another wire is connected to a reference voltage (e.g., ground).
Each half block of the programmable switched capacitor block may be configured to
implement a separate analog function and to provide or output a separate single ended
signal. Alternatively, the programmable switched capacitor block may be configured to
provide a differential signal based on the use of both half blocks. Accordingly, the
programmable switched capacitor block may configured or programmed to operate in a
single ended mode where each half portion of the programmable switched capacitor
block may output an independent single ended signal. Additionally, the programmable
switched capacitor block may be configured or programmed to operate in a differential
mode where each half block of the programmable switched capacitor block is used to
output the complementary signals of a differential signal.

[0019] Thus, since the programmable switched capacitor block may be used to
provide multiple analog functions as well as single ended and differential signals, a SoC
or other such processing device may use the programmable switched capacitor block to
implement analog functionality when needed as opposed to requiring multiple fixed
functional analog blocks to provide each analog function to be included in the SoC or a
processing device.

29 <

[0020] Reference in the description to “one embodiment,” “an embodiment,” or
“some embodiments” means that a particular feature, structure, or characteristic described
in connection with the embodiment is included in at least one embodiment of the
disclosure. The phrase “in one embodiment” or “in some embodiments” located in
various places in this description does not necessarily refer to the same embodiment.
[0021] Fig. 1 illustrates an embodiment of a core architecture of a processing device
100. In one embodiment, the processing device 100 is a core architecture of the
Programmable System-on-Chip (PSoC®) device, such as that used in the PSoC® family
of products offered by Cypress Semiconductor Corporation (San Jose, California). In one
embodiment, the processing device 100 has the PSoC®3 or PSoC®35 core architecture,

each developed by Cypress Semiconductor Corporation. In one embodiment, the core

architecture includes a digital subsystem 110. The digital subsystem 110 includes a
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universal digital block array 111, including multiple universal digital blocks (UDBs) 112,
a CAN 2.0 interface controller (CAN 2.0) 113, an 12C Master and Slave controller (1I2C
M/S) 114, multiple multifunction digital blocks (MDBs) 115 and a full-speed USB 2.0
interface controller (FSUSB 2.0) 116. MDBs 115 may be configured to perform common
digital functions such as timers, counters and pulse-width modulators (PWMs). Digital
subsystem 110 may also include communication peripherals such as Ethernet, high-speed
USB, USB host, PCI Express, IEE1394 serial bus interface, SD card reader and others
(not shown) The elements of digital system 110 may be coupled to digital interconnect
152 and/or to the system bus 154.

[0022] The core architecture may also include an analog subsystem 120. The analog
subsystem may include may be a programmable switched capacitor block or may include
a programmable switched capacitor block.

[0023] The core architecture 100 may also include memory subsystem 135, CPU
subsystem 140 and programming and debug subsystem 145. Memory subsystem 135 may
include an EEPROM block 136, synchronous random access memory (SRAM) 137, an
external memory interface (EMIF) block 138, and flash memory (FLASH) 139. Memory
subsystem 135 may also include a memory cache or memory accelerator (not shown).
CPU subsystem 140 may include a CPU 141, an interrupt controller 142 and a bus bridge
controller (DMA/PHUB) 143, which may include a direct memory access (DMA)
controller 144. The program and debug subsystem 145 may include a programming block
146, and debug and trace block 147 and a boundary scan block 148. The program and
debug subsystem may be coupled to the CPU subsystem. The CPU subsystem and the
memory system may be coupled to system bus 154. The memory subsystem 135 may be
coupled to the CPU subsystem 140 through the system bus 154. In one embodiment,
FLASH 139 may be coupled to the CPU 141 directly.

[0024] The core architecture 100 may also include system-wide resources 160.
System-wide resources may include a clocking subsystem 161 and power management
subsystem 171. Clocking subsystem 161 may include an internal low-speed oscillator
block (ILO) 162, a watch-dog timer (WDT) and wake-up controller block 163, a real-
time clock (RTC) / timer block 164, an internal main oscillator block (IMO) 165, a
crystal oscillator block (Xtal Osc) 166, a clock tree 167, power manager 168 and reset
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block 169. In one embodiment the RTC/timer block 164 and the ILO 162 may be coupled
to the WDT and wake-up controller block 163. In another embodiment, clock tree 167
may be coupled to Xtal Osc block 166 and IMO 165. Power management system 171
may include power-on-reset (POR) and low-voltage-detect (LVD) block 172, a sleep
power block 173, a 1.8V internal regulator (LDO) 174, a switched mode power supply
(e.g., switch-mode pump, SMP) 175 and power manager 178. The switched mode power
supply may implement a boost circuit, a bust circuit or both. Power manager 178 may be
coupled to power manager 168 of the clocking subsystem 161. In one embodiment,
system-wide resources 160 may be coupled to system bus 154.

[0025] The core architecture 100 may also include multiple pins 102. Pins 102 may
be used to connect elements of core architecture 100 to off-chip elements or route signals
into, out of on-chip elements or to different pins of the device. Core architecture 100 may
also include multiple special input/outputs (SIOs) 104 and GPIOs 106. SIOs 104 may be
coupled to digital interconnect 152. GPIOs 106 may be coupled to analog interconnect
150, digital interconnect 152, RTC/timer block 164, and/or Xtal Osc block 166. Core
architecture may also include USB input/outputs (USB PHY) 108, which may be coupled
to FSUSB 2.0 116.

[0026] Fig. 2 illustrates another embodiment of a core architecture of a processing
device 200 with a programmable switched capacitor (PSC) block. In one embodiment,
the processing device 200 has the PSoC®4 core architecture, developed by Cypress
Semiconductor Corporation. In the depicted embodiment, the processing device 200
includes a CPU and memory subsystem 240, peripherals 250, system resource 260, and
programmable I/O 270. The peripherals 250 include a peripheral interconnect (MMIO)
253), programmable digital subsystem 210, programmable analog subsystem 220, a port
interface and digital system interconnect (DSI) 252), and various other components 230,
such as comparators, capacitive sensing blocks, LCD direct drive blocks, a CAN
interface controller, an I2C M/S, MDBs, and a FSUSB 2.0, as described herein. The
MDBs may be configured to perform common digital functions such as timers, counters
and pulse-width modulators (PWMs). The various other components may be
communication peripherals such as Ethernet, high-speed USB, USB host, PCI Express,
IEE1394 serial bus interface, SD card reader and others. The programmable digital
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subsystem 210 and some of the other components 230 are coupled to the port interface
and digital subsystem interconnect (DSI) 252. The programmable digital subsystem 210,
the programmable analog subsystem 220 and the other components 230 are coupled to
the peripheral interconnect (MMIO) 253. The programmable analog subsystem 220 and
some of the other components 230 are coupled to the programmable 1/0 270.

[0027] The digital subsystem 210 includes a universal digital block array 211,
including multiple UDBs 212. The digital subsystem 210 may also include other interface
controller, multifunction digital blocks, communication peripherals, or the like. The
elements of digital system 210 may be coupled to digital interconnect 252 and/or to a
peripheral interconnection (MMIO) 253, which is coupled to the system interconnect 254
of a CPU and memory subsystem 240. The CPU and memory subsystem 240 may
include FLASH , SRAM, SROM blocks and a CPU, each coupled to the system
interconnect 254. The CPU and memory subsystem 240 may include other components
as would be appreciated by one of ordinary skill in the art having the benefit of this
disclosure.

[0028] The core architecture 200 may also include an analog subsystem 220. The
analog subsystem 220 may include successive approximation registers (SARs) ADC
block 221, programmable switched capacitor block 222, and analog routing 223. In
another embodiment, the programmable switched capacitor block 222 is implemented in
one or more other components of the programmable analog subsystem 220 or the
processing device 200. In another embodiment, the programmable switched capacitor
block 222 can be implemented in other locations as would be appreciated by one of
ordinary skill in the art having the benefit of the disclosure. Details regarding the
programmable switched capacitor block are described below with respect to Figs 3-8.
[0029] The core architecture of the processing device 200 may also include system-
wide resources 260. System-wide resources 260 may include a clocking subsystem 261
and power management subsystem 271. Clocking subsystem 261 may include various
components as described herein, such as [ILO, WDT, clock control, IMO, ECO, PLL,
CLKD, WCO, or the like. Power management system 171 may include various

components as described herein, such as sleep control, WIC, POR, LVD, REF, BOD,
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Boost, PWRSYS, NV latches, or the like. In one embodiment, system-wide resources 260
may be coupled to peripheral interconnect 253.

[0030] The core architecture 200 may also include multiple pins 202. Pins 202 may
be used to connect elements of core architecture 200 to off-chip elements or route signals
into, out of on-chip elements or to different pins of the device. Core architecture 200 may
also include multiple SIOs and GPIOs. The programmable I/0 270 also may include a
high-speed I/O matrix, a physical interface (PHY), Successive Approximation Register
multiplexer (SARMUX) (also labeled as SMX), Continuous Time Block (CTB), and the
like. For example, a CTB may include two operational amplifiers, a programmable
resister string, and part of the analog routing interconnection, including connections to
the pins. Core architecture 200 may also include USB input/outputs (USB PHY) 108,
which may be coupled to FSUSB 2.0 116.

[0031] In the embodiment of Fig. 2, the processing device 200 is described in the
context of the PSoC® 4 processing device. In other embodiments, the processing device
may be may be one or more other processing devices known by those of ordinary skill in
the art, such as a microprocessor or central processing unit, a controller, a special-purpose
processor, digital signal processor (“DSP”), an application specific integrated circuit
(“ASIC”), a field programmable gate array (“FPGA”), or the like.

[0032] Fig. 3 is a block diagram of an example programmable switched capacitor
block 300. In general, the programmable switched capacitor block 300 may receive input
signals and a programming signal to implement an analog function and output one or
more signals. The programmable switched capacitor block 300 may correspond to the
programmable switched capacitor block 222 of Fig. 2.

[0033] As shown in Fig. 3, the programmable switched capacitor block 300 may
receive multiple input signals. For example, the programmable switched capacitor block
300 may receive input voltage signals 310 for a first half block of the programmable
switched capacitor block 300 and second input voltage signals 340 for a second half
block of the programmable switched capacitor block 300. In some embodiments, each of
the input voltage signals 310 and the input voltage signals 330 may be a group of voltage
input signals. For example, the input voltage signals 310 may include four voltage input

signals (e.g., Vinoo, Vino1, Vino2, and Vino3) and the input voltage signals 340 may also
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include four input voltage signals (e.g., Vin10, Vini1, Vini2, and Vin13). Accordingly, the
programmable switched capacitor block 300 may receive two sets or groups of input
voltage signals.

[0034] Furthermore, the programmable switched capacitor block 300 may receive
first voltage reference signals 320 and second voltage reference signals 340. For example,
the first voltage reference signals 320 may be a group of voltage reference signals for a
first half block of the programmable switched capacitor block 300 and the second voltage
reference signals 340 may be a group of voltage reference signals for a second half block
of the programmable switched capacitor block 300. In some embodiments, the first
voltage reference signals 320 may include a first and second voltage reference signal
(e.g., Viefoo and Veero1) and the second voltage reference signals 340 may include another
first and second voltage reference signal (e.g., Vrer1o and Veer11). In the same or
alternative embodiments, one of the voltage reference signals may correspond to a
ground reference signal. Additionally, the programmable switched capacitor block 300
may receive a programming signal 350. In some embodiments, the programming signal
350 may specify an analog function that is based on either single ended signaling or
differential signaling. As discussed in further detail below, the programmable switched
capacitor block 300 may configure one or more switches (e.g., open or close the
switches) based on the analog function and the type of signaling (e.g., single ended or
differential) that is identified from the programming signal 350.

[0035] Referring to Fig. 3, the programmable switched capacitor block 300 may
transmit a first voltage output signal 360, a first comparator output signal 370, a second
voltage output signal 380, and a second comparator output signal 390. A first half block
of the programmable switched capacitor block 300 may generate the first voltage output
signal 360 and the first comparator output signal 370 and a second half block of the
programmable switched capacitor block 300 may generate the second voltage output
signal 380 and the second comparator output signal 390. Further details with regard to
each of the first half block and the second half block of the programmable switched
capacitor block 300 are disclosed with regard to Figs. 4-8.

[0036] Fig. 4 is a flow diagram of an example method 400 to configure a

programmable switched capacitor block based on an analog function. The method 400
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may be performed by processing logic that may include hardware (circuitry, dedicated
logic, etc.), software (such as is run on a computing system or a dedicated machine),
firmware (embedded software), or any combination thereof. In general, the
programmable switched capacitor blocks 222 and 300 of Figs. 2 and 3 may perform the
method 400.

[0037] As shown in Fig. 4, the method 400 may begin with the processing logic
receiving a programming signal (e.g., program signal 350) corresponding to an analog
function (block 410). In some embodiments, the programming signal may specify that a
programmable switched capacitor block that receives the programming signal is to be
configured or programmed to implement the requested analog function and to output
either a single ended signal or a differential signal. In the same or alternative
embodiments, the programming signal may be received from a microcontroller on a
processing device that includes the programmable switched capacitor block. The
processing logic may configure one or more switches based on the analog function (block
420). For example, the processing logic may configure one or more switches of a
programmable switched capacitor block so that the programmable switched capacitor
block may provide or implement the analog function. In some embodiments, a switch
may correspond to an electrical circuit component that includes two conductive pieces,
referred to as contacts, that may be connected to a portion of a circuit. The contacts of the
switch may touch to complete a circuit (i.e., a closed state) or the contacts of the switch
may be separated to break a circuit (i.e., an open state). Accordingly, the configuring of a
switch based on the analog function may determine whether a particular switch is to be in
an open state or a closed state (and how long the switch is to be in either state).

[0038] Referring to Fig. 4, the processing logic may output one or more signals based
on the configured switches (block 430). For example, an analog function may be
implemented by the configuring of the switches and an output signal corresponding to the
analog function may be provided. In some embodiments, the output signal may be based
on either single ended signaling or differential signaling based on the requested analog
function.

[0039] Fig. 5 is a block diagram of two half blocks of an example programmable
switched capacitor block 500. In general, the programmable switched capacitor block 500

11
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may include a first half block 510 and a second half block 520 where each half block is
capable of either transmitting a single ended signal or both the first half block 510 and the
second half block 520 may be used to transmit a differential signal. The programmable
switched capacitor block 500 may correspond to the programmable switched capacitor
blocks 222 or 300 of Figs. 2 and 3.

[0040] As shown in Fig. 5, the programmable switched capacitor block 500 includes
a first half block 510 and a second half block 520. In some embodiments, each of the first
half block 510 and the second half block 520 may include multiple switched capacitors,
at least one operational amplifier, and at least one comparator. The first half block 510
may receive a first voltage input signals 510 and first voltage reference signals 520 and
may generate the first voltage output signal 560 and the first comparator output signal
570 based on the first voltage input signals 510 and the first voltage reference signals
520. Furthermore, the second half block 520 may receive the second voltage input signals
530 and the second voltage reference signals 540 and may generate the second voltage
output signal 580 and the second comparator output signal 590 based on the second
voltage input signals 530 and the second voltage reference signals 540. Furthermore, the
programmable switched capacitor block may receive a programming signal 550 that may
be used to determine which switches to configure (e.g., open and/or close) for both the
first half block 510 and the second half block 520. Additionally, a signal or wire 595 may
couple or connect the first half block 510 to the second half block 520. In some
embodiments, a switch in either the first half block 510 or the second half block 520 may
be configured to connect or not to connect the first half block 510 to the second half
block 520 based on a requested analog function to be implemented by the programmable
switched capacitor block 500. Further details with regard to the switches, capacitors,
operational amplifiers, comparators, and buffers of each of the first half block 510 and
the second half block 520 are described in further detail with regard to Figs. 6-8.

[0041] Fig. 6 is an illustration of an example switched capacitor 600 used in a
programmable switched capacitor block. In general, the switched capacitor 600 may
include a capacitor 610 and various switches that may either be opened or closed based

on a requested analog function received by the programmable switched capacitor block.

12
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In some embodiments, the switched capacitor 600 may be included in the programmable
switched capacitor blocks 222, 300, and 500 of Figs. 2, 3, and 5.

[0042] As shown in Fig. 6, the switched capacitor 600 may include a capacitor 610
that includes a left side capacitor plate 611 and a right side capacitor plate 612. In some
embodiments, the switched capacitor may refer to an electronic circuit element that may
be used for discrete time signal processing and may be partly used to provide an analog
function. The switched capacitor 600 may be used to move charge into the capacitor 610
as well as to move charge out of the capacitor 610 based on when a corresponding switch
is opened and closed. In some embodiments, the switched capacitor used in a
programmable switched capacitor block may include a first switch bank 630 and a second
switch bank 640. The first switch bank 630 may be coupled to the left side capacitor plate
611 and the second switch bank 640 may be coupled to the right side capacitor plate 612.
Furthermore, each of the first switch bank 630 and the second switch bank 640 may
include multiple switches where one or more switches from each bank may be opened or
closed based on an analog function that is to be implemented. For example, the first
switch bank 630 may include multiple switches 620-629. In some embodiments, the
switches 621-624 may correspond to input voltage signals (e.2., Vinoo, Vino1, Vino2, and
Vino3). The switch 625 may correspond to a Vouo signal that may be the output of a half
block of the programmable switched capacitor block that includes the switched capacitor
600. Furthermore, the first switch bank 630 may include a Voun signal that may
correspond to a signal that may be the output of the other half block that is included in the
programmable switched capacitor block. Accordingly, a switch in the first switch bank
630 may be used to connect or couple a signal from the output of a first half block to the
left side capacitor plate 611 and another switch in the same first switch bank 630 may be
used to connect or couple from the output of a second half block to the same left side
capacitor plate 611. Furthermore, the first switch bank 630 may include a signal that
corresponds to a common signal between a corresponding switched capacitor in the other
half block of the programmable switched capacitor (e.g., a ComA or common A signal).
The switch 628 may correspond to a Vss signal that may refer to a voltage source, the

switch 629 may correspond to a voltage reference signal (e.g., refo), and the switch 620

13
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may correspond another voltage reference signal (e.g., agndo which may correspond to
electrical ground).

[0043] The second switch bank 640 may be coupled to the right side capacitor plate
612. Furthermore, the second switch bank 640 may include a switch 641 corresponding
to a voltage reference signal (e.g., ref1), the switch 642 may correspond to electrical
ground, the switch 643 may correspond to another voltage reference signal (e.g., refo),
and the switch 644 may correspond to a voltage source. In some embodiments, the
voltage signal ref] may be from a buffer of a first half block that includes the switched
capacitor 600 and the additional voltage reference signal may be from a buffer of a
second half block that does not include the switched capacitor 600.

[0044] In operation, one or more of the switches from the first switch bank 630 may
be opened and closed based on an analog function that a programmable switched
capacitor block is to implement. The closing of the switch may result in charge being
moved into the capacitor 610. Furthermore, in some embodiments, one or more of the
switches from the second switch bank 640 may be used to transfer or move the charge
from the capacitor 610 to a negative terminal of an operational amplifier (opamp).
[0045] In some embodiments, the various switches may include, but are not limited
to, complementary metal-oxide—semiconductor (CMOS) switches, pumped switches, and
a t-switch. Accordingly, in some embodiments, the switch banks 630 and 640 may each
include one or more different types of switches. For example, a type of switch may be
used based on the signal that the switch corresponds to. For example, a CMOS switch or
a T-switch may be used for a signal that requires a rail to rail transition (e.g., a sine wave
based signal that goes from an upper range to a lower range) and the pumped switch may
be used for a signal that corresponds to ground or 0 volts.

[0046] As will be described in further detail with regard to Fig. 7, a programmable
switched capacitor block may include two half blocks, each of which includes multiple
capacitor branches. Each of the capacitor branches may include multiple programmable
switched capacitors. As an example, each half block of the programmable switched
capacitor block may include three capacitor branches and each of the capacitor branches

may include six switched capacitors.
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[0047] Fig. 7A is a block diagram of an example half block 700 of a programmable
switched capacitor block. In general, the programmable switched capacitor block 700
may include two half block that each include three capacitor branches. The half block
700 may correspond to one of the half blocks 510 or 520 of Fig. 5.

[0048] As shown in Fig. 7A, the half block 700 may include multiple switched
capacitors (e.g., as described with regard to Fig. 6). For example, the half block 700 may
include three capacitor branches where each capacitor branch includes multiple switched
capacitors. For example, capacitors 701 may be part of a first capacitor branch (e.g.,
Branch A), the capacitors 702 may be part of a second capacitor branch (e.g., Branch B),
and the capacitors 703 may be part of a third capacitor branch (e.g., Branch C). As
shown, each of the switched capacitors in each of the capacitor branches includes a first
switch bank and a second switch bank as previously described. In some embodiments, the
inputs to each switch of the switch banks may be similar for each of the capacitor
branches, but one signal in the first switch bank may differ between the capacitor
branches of a half block. For example, as shown, the first branch is associated with a
signal “ComA” (also referred to as a Common A signal), the second branch is associated
with a signal “ComB,” and the third capacitor branch is associated with a signal “ComC.”
In some embodiments, each of the ComA, ComB, and ComC signals may be a same
signal as an input signal to another first switch bank of a corresponding capacitor branch
in the other half block of the programmable switched capacitor block. For example, a first
capacitor branch of a first half block may have one switch in its first switch bank that
includes an input to a switch that is coupled to the ComA signal and the first capacitor
branch of the second half block may also have one switch in its first switch bank that also
includes an input to a switch that is coupled to the same ComA signal. Accordingly, one
of the signals in each first switch bank of a first half block may be the same signal as one
of the signals in a corresponding first switch bank of the second half block.

[0049] Referring to Fig. 7A, the half block 700 may further include multiple
switches. For example, the half block 700 may include switches 704, 705, 706, 707, 708,
709,710, 716,717, 718, 719, and 720. Each of the switches may be opened and/or closed
based on an analog function that is to be implemented, a number of bits that are to be

output, and/or whether the analog function that is to be implemented is based on single
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ended signaling or differential signaling. For example, the switches 704, 706, and 717
may be used to transfer a charge from a capacitor in a capacitor branch to the negative
terminal of the operational amplifier (op-amp) 712. As an example, if the switch 704 is
closed, then the charge from the capacitors 701 may be transferred to the negative
terminal of the op-amp 712. Similarly, if the switches 706 and 717 are closed, then the
charge from the capacitors 702 and 703 may be moved from the capacitors 702 and the
capacitors 703 to the negative terminal of the op-amp 712.

[0050] The half block 700 may further include op-amp 712, comparator 711,
capacitor 721, and buffers 713 and 714. In some embodiments, the buffers 713 and 714
may be used to buffer an input reference voltage that is used for outputting a single ended
signal. The buffer 713 may receive a first reference voltage signal and the buffer 714 may
receive a second reference voltage signal. The negative terminal of the op-amp 712 may
be coupled to receive charge from any of the capacitors 701, 702, and 703 and the
positive terminal of the op-amp 712 may be coupled to additional switches. For example,
the positive terminal of the op-amp 712 may be coupled to switches coupled to input
voltage signals (e.g., Vinoo, Vino1, Vino2, and Vingz) as well as switches coupled to a first
voltage reference signal (e.g., an output from the buffer 714) and a second voltage
reference signal (e.g., an output from the buffer 713). Furthermore, the output of the op-
amp 712 may be coupled to the negative terminal of the comparator 711 and the positive
terminal of the comparator 711 may be coupled to additional switches. For example, the
positive terminal of the comparator 711 may be coupled to switches that are associated
with the first and second voltage reference signals and the output voltage signal of the
second half block. Accordingly, the negative terminal of the comparator 711 may receive
the output voltage signal of the first half block that includes the comparator 711 and the
positive terminal of the comparator 711 may receive the output voltage signal of a second
half block that does not include the comparator 711 if a particular switch that is coupled
to the positive terminal of the comparator 711 is closed.

[0051] Referring to Fig. 7A, the capacitor 721 may be referred to as a feedback
capacitor that may store charge for the output voltage signal. The switch 710 may be used
to discharge the capacitor (e.g., by the closing of the switch). Furthermore, the switches

707 and 708 may both be simultaneously closed to remove the charge from the capacitor
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721. Alternatively, the switches 708 and 709 may be simultaneously closed to transfer
charge from the capacitor 721 to the output voltage signal. Furthermore, the half block
700 may include an attenuation capacitor 722 and a series capacitor 718. In some
embodiments, the first capacitor branch and the second capacitor branch, each of which
are associated with six bits, may be combined to implement the functionality of a twelve
bit capacitor by the use of the attenuation capacitor 722. Accordingly, if an analog
function that is to be implemented requires a twelve bit capacitor, the first capacitor
branch and the second capacitor branch of a half block may be combined by the use of an
attenuation capacitor 722 that is included in the second capacitor branch. For example, if
the attenuation capacitor 722 is not to be used (e.g., bits from a first capacitor branch are
not to be combined with bits from a second capacitor branch), then the switch 705 may
be closed to remove the effect of the attenuation capacitor 722 and if the attenuation
capacitor 722 is to be used (e.g., bits from the first capacitor branch are to be combined
with bits from the second capacitor branch), then the switch 705 may be opened so that
the effect of the attenuation capacitor 722 is not removed. Accordingly, a switch may be
opened if bits from capacitors from different capacitor branches are to be combined and
the same switch may be closed if bits from capacitors from different capacitor branches
are not to be combined. In some embodiments, the attenuation capacitor may be included
in each of the multiple branches of each of the half blocks.

[0052] The half block 700 may further include switch 716 so that the third capacitor
branch may be used in the other half block of the programmable switched capacitor block
that includes the half block 700. For example, if a requested analog function that is to be
implemented by the programmable switched capacitor block requires four capacitor
branches to implement the analog function, then the switch 716 may be closed to connect
the capacitor of a capacitor branch from the second half block to the negative terminal of
the op-amp 712 and/or capacitor 721.

[0053] As such, a half block of a programmable switched capacitor block may
include multiple capacitor branches, an operational amplifier, and a comparator. The
capacitor branches may be associated with multiple switches where one switch coupled to
the left side capacitor plate of each capacitor may be associated with a signal that is the

same as another switched that is coupled to the left side capacitor plate of the other half
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block of the programmable switched capacitor. Furthermore, the negative terminal of the
operational amplifier may receive a charge from the capacitors of one or more capacitor
branches and the positive terminal of the operational amplifier may be coupled to
multiple switches. The switches coupled to the positive terminal of the operational
amplifier may connect a first and/or second reference signal to the positive terminal of
the operational amplifier. Furthermore, the negative terminal of the comparator may
receive the output of the operational amplifier and the positive terminal of the comparator
may be coupled to multiple switches where one of the switches is the output voltage
signal of the other half block and at least two of the other switches are used to connect the
first and second reference voltage signals to the positive terminal of the comparator.
[0054] Fig. 7B is a block diagram of an example programmable switched capacitor
block 750. In general, the programmable switched capacitor block 750 may include a first
half block 730 and a second half block 740 that may each be used to implement a
separate analog function based on a single ended signal or may both be used to
implement an analog function based on a differential signal. The programmable switched
capacitor block may correspond to the programmable switched capacitor blocks 300 or
500 of Figs. 3 and 5. The first half block 730 may correspond to the half block 700 of
Fig. 7A.

[0055] As shown in Fig. 7B, the programmable switched capacitor block 750 may
include a first half block 730 and a second half block 740. Each of the first half block 730
and the second half block 740 may include similar components or structure. For example,
each of the half blocks may include multiple capacitor branches, an operational amplifier,
a comparator, buffers, and various switches. The capacitor branches of the first half block
may include switches that may be closed to couple a signal from a first group of voltage
input signals (e.2., Vinoo, Vino1, Vino2, and Vino3) to a left side capacitor plate and the
capacitor branches of the second half block may include switches that may be closed to
couple a signal from a second group of voltage signals (e.2., Vin10, Vin11, Vin12, and Vi13)
to a left side capacitor plate. Additionally, the first branch of the first half block 730 and
the first branch of the second half block 740 may each include a common signal (e.g.,
ComA) that may be coupled to the left side capacitor plate if a particular switch is closed.

Furthermore, the positive terminal of each operational amplifier may include switches
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that may couple the same reference voltages to each operational amplifier of the first half
block 730 and the second half block 740. For example, the positive terminal of the
operational amplifier from the first half block 730 may be coupled to switches that may
be used to connect any of the first group of voltage input signals and additional switches
to connect the first and second reference voltage signals to the positive terminal of the
operational amplifier. Furthermore, the positive terminal of the operational amplifier
from the second half block 740 may be coupled to switches that may be used to connect
any of the second group of voltage input signals to the positive terminal of the
operational amplifier as well as additional switches that may be used to connect the same
first and second reference voltage signals to the positive terminal of the operational
amplifier. Accordingly, the positive terminal of both operational amplifiers from each of
the half blocks may be configured to receive the same voltage reference signal.

[0056] Furthermore, as shown, the output voltage of the first half block 730 may be
received by the positive terminal of the comparator of the second half block 740 by
closing a particular switch and the output voltage of the second half block 740 may be
received by the positive terminal of the comparator of the first half block 730 by the
closing of another switch.

[0057] Referring to Fig. 7B, the programmable switched capacitor block 750 may
include two sets of reference buffers (e.g., a first pair of buffers for the first half block
730 and a second pair of buffers for the second half block 740). In some embodiments,
each of the pair of reference buffers may receive different input signals so that two
dissimilar single ended signals associated with two different analog functions may be
implemented by the programmable switched capacitor block 750. For example, the first
half block 730 may have a first reference voltage and a first analog ground voltage and
the second half block 740 may have a second reference voltage and a second analog
ground voltage. Accordingly, the programmable switched capacitor block may support
two different analog functions requiring different single ended signals that operate at
different reference and ground voltages.

[0058] Fig. 8 is a flow diagram of an example method 800 to configure a
programmable switched capacitor block based on single ended signal or differential

signal functionality associated with an analog function. The method 800 may be
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performed by processing logic that may include hardware (circuitry, dedicated logic,
etc.), software (such as is run on a computing system or a dedicated machine), firmware
(embedded software), or any combination thereof. In some embodiments, the method
800 may be performed by the programmable switched capacitor blocks 222, 300, or 500
of Figs. 2, 3, and 5. For example, the method 800 may be performed by processing logic
(e.g., hardware, circuitry, etc.) of a programmable switched capacitor block or a
processing device coupled to the programmable switched capacitor block.

[0059] As shown in Fig. 8, the method may begin by processing logic receiving a
programming signal corresponding to an analog function (block §10). Examples of an
analog function include, but are not limited to, discrete time analog functions such as a 1*
order sigma delta modulator of variable resolution, a second order sigma delta modulator,
incremental and/or continuous time functions, a variable again analog to digital converter
(ADC), a variable resolution digital to analog converter (DAC) and a multiplying DAC, a
variable gain DAC, an automatic gain control in ADC and DAC modes, a programmable
gain amplifier, a sub-sampling mixer, a 1% order filter, a higher order filter associated
with chaining, a 1** order differential signal path, a higher order differential signal path
associated with chaining, a 2ndorder single ended signal, time interleaved differencing
operations, modulation of analog input signals, a track and hold amplifier, a sample and
hold amplifier, differential to single ended signal conversion, relaxation oscillator, a two-
phase or three phase control or sampling system with an adjustable sample aperture,
various filters associated with a biquad mode, an adjustable Return to Zero signal for low
offset outputs, a self-testing function, a summer, an integrator, and a clocked comparator.
The processing logic may further identify whether the analog function is based on single
ended or differential signaling (block 820). For example, the processing logic may
identify whether the analog function requires an output signal to be a single ended signal
or requires the output signal to be a differential signal. Accordingly, the processing logic
may determine whether the analog function is based on differential signaling (block 830).
If the analog function is not based on differential signaling (e.g., the output of the analog
function is to be a single ended signal), then the processing logic may configure switches
of a first half block of the programmable switched capacitor block to perform the analog

function based on the single ended signaling (block 830). For example, the switches of
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the first half block of the programmable switched capacitor may be opened and/or closed
to output a single ended signal based on the analog function and the second half block of
the same programmable switched capacitor may not be configured based on the analog
function. However, if the analog signal is based on differential signaling, then the
processing logic may configure switches of the first half block of the programmable
switched capacitor block based on the differential signaling (block 840) as well as
configure the switches of the second half block of the same programmable switched
capacitor block based on the differential signaling (block 850).

[0060] In some embodiments, when the analog function is based on the single ended
signaling, then only one half block of the programmable switched capacitor block may be
used to implement the analog function. Furthermore, the comparator of the half block that
is used may not receive the output voltage signal of the other half block of the
programmable switched capacitor block. Additionally, the other half block that is not
used from the same programmable switched capacitor block may be used to implement
another analog function. Accordingly, each half block may independently implement
different analog functions that are each based on single ended signaling. However, when
the analog function is based on differential signaling, then both half blocks of the same
programmable switched capacitor block may be used to implement the analog function
that is based on differential signaling. For example, the positive terminal of op-amps
from both of the half blocks may be connected to the same reference voltage signal by the
closing of respective switches. Furthermore, the same signal may be connected to the left
side capacitor plate of each capacitor in a particular capacitor branch in each of the half
blocks. For example, a first switch may be closed to connect a first signal to the left side
capacitor plate in a first branch of the first half block and a second switch may be closed
to connect the same first signal to the left side capacitor plate in a first branch of the
second half block. Similarly, a second signal may be connected to the left side capacitor
plate in a second branch of the first half block and the second branch of the second half
block. In operation, the differential signaling may be accomplished by sampling an input
voltage signal (e.g., Vinoo for the first half block and Viaio for the second half block) and
closing a switch to couple the same signal (e.g., the ComA signal) to the left side

capacitor plate in each of the first half block and the second half block. In some
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embodiments, any asymmetry in the sampling of the input voltage signals (e.g., between
the input voltage signal for the first half block and the input voltage signal for the second
half block) may be negated by equally distributing the charge to the capacitors in both the
first half block and the second half block. Accordingly, the differential signaling may be
implemented by configuring switches in both the first half block and the second half
block so that a positive terminal of op-amps in each of the first half block and second half
block are connected to the same reference voltage signal and the left side capacitor plates
of corresponding capacitors in corresponding capacitor branches are connected to at least
one other same signal.

[0061] The embodiments described herein may be used to provide a programmable
switched capacitor block that may be used to implement various analog functions. The
use of the programmable switched capacitor block may improve the flexibility of an
analog subsystem used in a processing device and may provide a higher amount of
potential functionality within the same silicon area as opposed to having multiple fixed
functional analog blocks each dedicated to a particular analog function. The
programmable switched capacitor block may include multiple switches that may be
programmed or configured to perform different analog functions based on the switches
that are programmed or configured to be opened and/or closed. The programming of the
programmable switched capacitor block may be set using various techniques, such as
firmware executing on a microcontroller unit.

[0062] Embodiments of the present disclosure, described herein, include various
operations. These operations may be performed by hardware components, software,
firmware, or a combination thereof. As used herein, the term “coupled to” may mean
coupled directly or indirectly through one or more intervening components. Any of the
signals provided over various buses described herein may be time multiplexed with other
signals and provided over one or more common buses. Additionally, the interconnection
between circuit components or blocks may be shown as buses or as single signal lines.
Each of the buses may alternatively be one or more single signal lines and each of the
single signal lines may alternatively be buses.

[0063] Certain embodiments may be implemented as a computer program product

that may include instructions stored on a computer-readable medium. These instructions
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may be used to program a general-purpose or special-purpose processor to perform the
described operations. A computer-readable medium includes any mechanism for storing
or transmitting information in a form (e.g., software, processing application) readable by
a machine (e.g., a computer). The computer-readable storage medium may include, but is
not limited to, magnetic storage medium (e.g., floppy diskette); optical storage medium
(e.g., CD-ROM); magneto-optical storage medium; read-only memory (ROM); random-
access memory (RAM); erasable programmable memory (e.g., EPROM and EEPROM);
flash memory, or another type of medium suitable for storing electronic instructions. The
computer-readable transmission medium includes, but is not limited to, electrical, optical,
acoustical, or other form of propagated signal (e.g., carrier waves, infrared signals, digital
signals, or the like), or another type of medium suitable for transmitting electronic
instructions.

[0064] Additionally, some embodiments may be practiced in distributed computing
environments where the computer-readable medium is stored on and/or executed by more
than one computer system. In addition, the information transferred between computer
systems may either be pulled or pushed across the transmission medium connecting the
computer systems.

[0065] Although the operations of the method(s) herein are shown and described in a
particular order, the order of the operations of each method may be altered so that certain
operations may be performed in an inverse order or so that certain operation may be
performed, at least in part, concurrently with other operations. In another embodiment,
instructions or sub-operations of distinct operations may be in an intermittent and/or
alternating manner.

[0066] In the foregoing specification, the disclosure has been described with
reference to specific exemplary embodiments thereof. It will, however, be evident that
various modifications and changes may be made thereto without departing from the
broader spirit and scope of the disclosure as set forth in the appended claims. The
specification and drawings are, accordingly, to be regarded in an illustrative sense rather

than a restrictive sense.
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CLAIMS

What is claimed is:

1. An apparatus comprising:

a first analog block comprising a first plurality of switched capacitors; and

a second analog block comprising a second plurality of switched capacitors,

wherein a switch associated with the first plurality of switched capacitors and a
switch associated with the second plurality of switched capacitors are configured based
on an analog function by configuring the switch associated with the first plurality of
switched capacitors when the analog function is associated with a first single ended
signal and configuring both the switch associated with the first plurality of switched
capacitors and the switch associated with the second plurality of switched capacitors

when the analog function is associated with a differential signal.

2. The apparatus of claim 1, wherein the switch associated with the second plurality
of switched capacitors is configured when the analog function is further associated with a
second single ended signal, and wherein the first analog block outputs the first single
ended signal using the first plurality of switched capacitors and the second analog block

outputs the second single ended signal using the second plurality of switched capacitors.

3. The apparatus of claim 2, wherein the second single ended signal is associated

with a different voltage reference than the first single ended signal.

4. The apparatus of claim 1, wherein the configuring of the switches is based on

opening or closing of the switches.

5. The apparatus of claim 1, wherein a second switch of the first analog block is
configured based on a number of bits associated with the analog function when the

analog function is associated with the first single ended signal.
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6. The method of claim 1, wherein a second switch of the second analog block is
configured to be closed when the analog function is associated with the signal ended
signal and requires an additional input corresponding to the second analog block, and
wherein the second switch is configured to be open when the analog function is

associated with the signal ended signal and does not require the additional input.

7. The method of claim 1, wherein when the analog function is associated with the
differential signal, the first analog block outputs a first complementary signal of the
differential signal and the second analog block outputs a second complementary signal of
the differential signal, and wherein a positive terminal of a first operational amplifier of
the first analog block and a positive terminal of a second operational amplifier of the
second analog block are coupled to a same reference voltage signal by the configuring of

another switch of the first analog block and another switch of the second analog block.

8. A method comprising:

receiving a signal corresponding to an analog function;

configuring a first analog block to receive a first input signal and to transmit a
first output signal by configuring a switch of the first analog block based on the analog
function, wherein the switch of the first analog block is associated with a first plurality of
switched capacitors; and

configuring a second analog block to receive a second input signal and to transmit
a second output signal by configuring a switch of the second analog block based on the
analog function, wherein the switch of the second analog block is associated with a
second plurality of switched capacitors,

wherein the switch associated with the first plurality of switched capacitors is
configured when the analog function is associated with a first single ended output signal
and both the switch associated with the first plurality of switched capacitors and the
switch associated with the second plurality of switched capacitors are configured when

the analog function is associated with a differential output signal.
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9. The method of claim 8, wherein the switch associated with the second plurality of
switched capacitors is configured when the analog function is further associated with a
second single ended output signal, and wherein the first analog block outputs the first
single ended signal using the first plurality of switched capacitors and the second analog
block outputs the second single ended signal using the second plurality of switched

capacitors.

10. The method of claim 9, wherein the second single ended output signal is

associated with a different voltage reference than the first single ended output signal.

11. The method of claim 8, wherein the configuring of the switches is based on

opening or closing of the switches.

12. The method of claim 8, wherein a second switch of the first analog block is
configured based on a number of bits associated with the analog function when the

analog function is associated with the first single ended output signal.

13. The method of claim 8, wherein the switch of the second analog block is
configured to be closed when the analog function requires an additional input
corresponding to the second analog block, and wherein the switch of the second analog
block is configured to be open when the analog function does not require the additional

input.

14. The method of claim 8, wherein when the analog function is associated with the
differential output signal, the first output signal is a first complementary signal of the
differential output signal and the second output signal is a second complementary signal
of the differential output signal, and wherein the configuring of the first analog block and
the configuring of the second analog block comprises a positive terminal of a first
operational amplifier of the first analog block and a positive terminal of a second

operational amplifier of the second analog block being coupled to a same reference
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voltage signal by the configuring of another switch of the first analog block and another

switch of the second analog block.

15. A system comprising:

a processing device to generate a programming signal corresponding to an analog
function;

a first analog block comprising a first plurality of switched capacitors; and

a second analog block comprising a second plurality of switched capacitors,

wherein a switch associated with the first plurality of switched capacitors and a
switch associated with the second plurality of switched capacitors are configured based
on the analog function by configuring the switch associated with the first plurality of
switched capacitors when the analog function is associated with a first single ended
signal and configuring both the switch associated with the first plurality of switched
capacitors and the switch associated with the second plurality of switched capacitors

when the analog function is associated with a differential signal.

16. The system of claim 15, wherein the switch associated with the second plurality
of switched capacitors is configured when the analog function is further associated with a
second single ended signal, and wherein the first analog block outputs the first single
ended signal using the first plurality of switched capacitors and the second analog block

outputs the second single ended signal using the second plurality of switched capacitors.

17. The system of claim 16, wherein the second single ended signal is associated with

a different voltage reference than the first single ended signal.

18. The system of claim 15, wherein the configuring of the switches is based on

opening or closing of the switches.
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19. The system of claim 15, wherein a second switch of the first analog block is
configured based on a number of bits associated with the analog function when the

analog function is associated with the first single ended signal.

20. The system of claim 15, wherein when the analog function is associated with the
differential signal, the first analog block outputs a first complementary signal of the
differential signal and the second analog block outputs a second complementary signal of
the differential signal, and wherein a positive terminal of a first operational amplifier of
the first analog block and a positive terminal of a second operational amplifier of the
second analog block are coupled to a same reference voltage signal by the configuring of
another switch associated with the first analog block and another switch associated with

the second analog block.
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corresponding to an analog function
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