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AUTONGMOUS CONTROL IN A PROGRAMMARBLE SYSTEM

RELATED AFPLICATION

This patent application claims benefit of and priority to ULS. Provisional Patent

Application Mo, 617175086, filed May 4, 2009, which is incorporated by refevence bereln.
TECHNICAL FIELD

This disclosure relates generally to electronic cireuits, and, more particularly, to

autonomous control in a programmable svstem.
BACKGROUND
Many electronic systems include circuits that provide fixed functionality, For

*

instance, a signal processing device can include fixed function civeuits, such as signal filters
and analog-to-digital converters, to perform signal processing operations. By arranging these
fixed-function circnits in particular configurations, electronic systems can be built io perform
specific tasks.

Programmable electronic systems include more generalized circuits or blocks, such as
digital and analog programmable blocks, that can be configured to Implement a large number
of peripherals. The digital blocks ean include programmable cireuitry configured to provide
various digital functions. The analog blocks can be used for development of analog elements,
such as analog filters, comparators, inverting amplifiers, as well as analog-to-digital and
digital-to-analog converters. The programmable electronic system can combine the analog
and digital blocks 1o form a wide variety of functional modules, which implement mixed-
signal applications,

The programmable electronic systems include & microcontroller and firmware o

cantrol applications performed by the programimable analog blocks and programmable digital

blocks. For instance, when the programmable electronic system implements a mixed-signal
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a;ﬁpﬁcaii(}m such as an analog-to-digital converter, the microcontroller and firmware can
configure or reconfigure the progranumable analog blocks and programmable digital blocks
o an anafog-ti-digital converter configuration, control the routing of analog data (to be
converted) o the programmable analog blocks, control the output of digital {converted) data
from the programmabie digital blocks, and possibly receive status, state, and mode signating
from the programmable avalog blocks and programmable digital blocks during performance
of the analog-to~digital conversion.

SUMMARY

This patent appleation discloses a systen that includes a programmable analog
system that is reconfigurable to perform various analog operations, and includes a
progranunable digital system that is reconfigurable to perform various digital operations.
‘The systern also includes a microcontroller capable of reconfignring and controlling the
programmable analog system and the progranumable digital system. The programmabie
digital system is configured to control the programmable analog system autonomously of the
nxerocontrolier.

In some embodiments, a method includes receiving configoration data that prompts a
digital system to implement a digital control device and sending, with the digital control
device, one or more commands to an analog system over an terconnect controlled by the
digital control device, The one or more commands are configored to prompt a
reconfiguration of the analog system. The method further includes controlling, with the
digital contrel device, analog data operations performed by the reconfigired analog system
independently of a microcontrolier.

in some embodiments, a system ineludes a programmable analog system including

one or more anajog circuits that are reconfigurable to perform analog data operstions, The

b
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system further includes a programmable digital system including one or more universal
digital block devices that are reconfigurable to perform digital data operations. At least one
of the universal digital block devices is reconfigured to implement a digital contral device
that controls the programmable analog system,
DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates an embodiment of a core architecture of & Programmable System-
an-Chip (PSoC™, such as that ased in the PSoC3™ family of products offered by Cypress
Semiconductor Corporation {San Jose, California).

Figure 2 is a block diagramn example of the asalog svstem shown in Figure 1.

Figure 3 1s a block disgram example of the digital system shown ln Figuee L

Figure 4 is a block diagram example of the aniversal digital block shown In Figure 3.

Figure 5 18 another block diagram example of a programumable system with
autonomons digital system control according to embodiments of the invention,

Figure 6 is an example operational flowchart of the progranumable system on a chip
according 1o etnbodirnents of the invention,

DETAILED BESCRIPTION

A Programmable Systeni-on-Chip (PSoC ™, such as that used in the PSoC™ family
of products offered by Cypress Semiconductor Corporation (San Jose, California), or other
electronic system can include a core processing device and programmable analog and digital
componenis that can work in conjunction to perform varions data operations, The
prograpunable digital components can be configured into a digital control device, which can
control the operations performed by the programmable analog and dighal components
auvtonomousty of the core processing device. Finbodiments are shown and described below

in greater detail,

"3
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Figure 1 illustrates an embodiment of g core architectuore 100 of a Programmable
Systeme-on-Chip (PSoC™), such as that used in the PSoC3 ™ family of products offered by
Cypress Senuconductor Corporstion {San Jose, California), Referring to Figure 1, in one
embodiment, the core architecture 100 includes a microcontrolier 102, The mictocontrofler
102 includes a CPU (central processing vnit} core 104, flash program storage 106, DOC
{debug on chip} 108, a prefetch buffer 110, a private SRAM (static vandons access memory)
112, and special functions registers 114, In an embodiment, the DOC 108, prefetch buffe
110, private SRAM 112, and special function registers 114 are coupled to the CPL core 104,
while the flash program storage 106 is coupled to the prefetch buffer 110

The cove architecture 160 may also include 3 CHub (core hub) 116, including a bridge
118 and a DMA (direct memory access) controller 120, that is coupled {0 the microcontroller
102 via bus 122, The Chub 116 may provide the primary data and countrol interface between
the microcontroller 102 and its peripherals and memory, and a programmable core 124, The
DMA controlier 120 may be programmed lo trapsier data between system elements without
burdening the CPU core 104, In various embodiments, each of these subeomponents of the
microcontroller 102 and CHub 116 may be different with each cholce or type of CPU core
104. The Chub 116 may also be coupled to shaved SRAM 126 and an SPC (system
performance controllery 128, The private SRAM 112 1 independent of the shared SRAM
126 that is aceessed by the microcontrolfer 102 through the bridge 118. The CPU core 104
acoesses the private SRAM 112 without gaing through the bridge 118, thus allowing local
vegister and RAM accesses 10 ocour simulianecusty with DMA access to shared SRAM 126.
Although labeled here as SRAM, these memory modales may be any suitable type of a wide
variety of (volatile or non-volatile) memory or data storage modules in various other

embodiments.
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In various embodiments, the programmable core 124 may include various
combinations of subcomponents {not shown}, including, but not limited 1o, & digital logic
arvay, digital peripherals, analog processing channels, global routing analog peripherals,
DMA controller(s), SRAM and other appropriate types of data storage, 10 ports, and other
spitable types of subcomponents. In one embodiment, the programmable core 124 includes a
GPIO (general purpose 10) and BEMIF (extended memory interface) block 130 to provide a
mechanism to extend the external off-chip access of the micracontroller 102, a programmable
digital system 300, a progranumable analog system 200, and a special functions block 136,
each configured to implement one or more of the subcomponent functions. In various
embodiments, the special functions block 136 may include dedicated (non-programmable)
functional blocks and/or include one or mors interfaces to dedicated functional blocks, such
as LISH, a crystal oscillator drive, JTAG, and the like. The system resources 130 can also
include a memory device {not shown} to store configuration data.

The progranymable digital system 300 may include a digital logic array including an
array of digital logic blocks and associated routing. In one embodiment, the digltal block
architecture is comprised of UDBs (universal digital blocks). For example, each UDB may
include an ALU together with CPLD functionality.

In various embodiments, one or more UDBs of the programmable digital svstem 300
may be configured to perform varions digital functions, including, but not limited to, one ot
more of the following functions: a basic 12C slave; an 12C master; a SPImaster or slave; a
mudti-wire {e.g., 3-wire) SPLmaster or slave {e.g.. MISO/MOST multiplexed on a single pin);
timers and counters {e.g., a pair of 8-bit timers or counters, one 16 bit timer or counter, one 8-
bit capture timer, or the like); PWMSs {e.g,, a pair of &-bit PWMs, one 16-bit PWM, one 8-bit

deadband PWM, or the tike), a level sensitive VO interrupt generator; a quadrature encoder, a
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UART (e, hatf-duplex); delay fines; and any other suitable type of digitsl function or
combination of digital functions which can be implemented in g plurality of UDBs,

In other embodiments, additional functions may be implemented using a group of two
or more UDBs. Merely for purposes of iustration and not limitation, the following functions
car be wmplemented using multiple UDBs: an 12C slave that supports hardware address
detection and the ability to handie a complete transaction without CPU cove {e.g., CPU core
1034) intervention and to help prevent the foree clock stretching on any bit in the data stream:
an [2C mult-master which may include a slave option in a single block; an arbitrary length
PRS or CRC {8p to 32 bits); SDIQ; SGPIO, a digital correlator {e.g., having up to 32 bits
with 4x over-sampling and supporting a configurable threshold); 8 LiNbus interface: a delta-
stipma modulator (e.g., for class D audio DAC having a differential outpat pair); an 128
{stereo}; an LOD drive control {e.g., UDBs may be used to implement timing control of the
LCD drive blocks and provide display RAM addressing): full-duplex UART {e.g., 7-, 8 or 9-
bit with 1 or 2 stop bits and parity, and RTS/CTS support}), an IRDA (ransmit or receive);
capture timer {e.g., 16-bit or the like); deadband PWM (¢.g., 16-bit or the fike); an SMbus
{including formatting of SMbus packets with CRC in software); a brushless motor drive (e.g.,
to support 6/12 step conunutation); avte BAUD rate detection and generation (e.g.,
automatically determine BAUD rate for standard rates from 1200 to 102200 BAUD and after
detection to generate required clock to generate BAUD rate); and any other suitable type of
digital fimetion or combination of digital functions which can be implemented in a plurality
of UDRs.

As will be described below in greater detail, the digital svstem 300 can also be
configured to implement a digital control device, which can control the analog system 200

and the digital system 300 autonomously of the microcontroller 102, The configuration data
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can be any combination of commands and/or data that, when provided to the digital system
300, causes the digital system 300 to hmploment a digital control device that is capable of
controfling the operations in the analog system 200 and the digital systewmn 300 independently
of the microcontroller 102,

The progranwmable snalog system 200 may include analog resources including, but
not Himited to, comparators, mixers, PGAs (programmable gain amplifiers), TIAs (trans-
impedance amplifiers), ADCs (analog-to-digital converters), DACs (digital-to-analog
converters), voltage references, current sources, sample and hold circudts, and any other
suitable type of analog resources, The programmable analog system 200 may support various
analog functions including, but not limited to, analog routing, LCD drive 10 support,
capavitive sensing, voltage measurement, motor control, current to voltage conversion,
voltage to frequency conversion, differential amplification, Hght measurement, inductive
position monitoring, filtering, voice coil driving, magnetic card reading, acoustic doppler
measurement, echo-ranging, modem transmission and receive encoding, or any other suitable
type of analog fimetion.

The analog system 200 and the digital system 300 can be reconfigured and thejr
operation controlled responsive to commands and/or data from the microcontroller 102, the
analog system 200, and/or the digital system 300, e.g.. when the digital svstem 300 is
configured into the digital contrel device. The microcontroller 102 can provide commands to
the analog and digital systems 200 and 300 via one or more buses, which prompts the analog
and digital systems 200 and 300 to configure thelr reconfigurable analog cireuits and the
programmable digital circuls, respea;,tivel}n The microcontroller 102 can subseguently
control operations performed by the configured components of the analog and digital systems

200 and 300 and provide the analog and digital systems 200 and 300 data to be processed.
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When the digital system 300 is contigured into the digital control device, the digital
system 300 can control the operation of the analog system 200 and the digital system 300
autonorously of the micvocontroller 102, Thus, the analog system 200 and the digital system
300 can be reconfigured and their operations controtled responsive to conunands andfor data
from the digital system 300 configured gs the digital control device. In some embodiments,
the digital conirel device can also control operations of the special functions block 136. By
comfiguring the digital system 300 into the digital control device, the digital systen: 300 can
configure and control the analog and digital systems 200 and 300, which reduces the
provessing load of the microcontrolier 102,

Once configured by the microcontroller 102, the digital control device, or in respounse
to commands from the memery deviee, the analog system 200 can provide feedback and/or
controf signals to the digital system 300, which can direct {re)eonfiguration of the digital
system 300 or promipt the digital system 3400 to change an operational state. By enabling the
analog system 200 to control the configuration of at least paﬁ of the digital system 300 or to
control the operational states of the digital system 300, the analog system 200 and/or the
digital system 300 configured as a digital control device can reduce the processing load of the
microcontrolier 102,

The core architecture 100 includes a digital system controlled interconnect 320
coupled between the digital system 300 and the analog system 200, which allows the digital
system 300 the ahitity to bi~directionally communicate with the analog system 200, The
digital control device can utilize the digital system controlled hiterconnent 320 to pass
commands and data to the analog system 200, and receive operational feedback and possibly
data from the analog system 200, Since the digital control device and the digital sysiem

controlled interconnect 320 form a closed-foop between the digital system 306 and the snalog



WO 2010/129611 PCT/US2010/033626

system 200, the digital system 300 has the ability to direct the {rejeonfiguration of the analog
system 200 and control operations performed by the analog system 200, The digital system
controtled interconnect 320 allows the digital control device to react i real-time, for
example, within two clock cycles, 1 status indications froms the analog system 200, as
opposed to an interrupt-based alert and response scheme tmplemented by the microcontroller
162,

In some embodiments, the analog system 200 can control the digital system 300
through the digital system controlied interconnect 320, For exaniple, the analog system 200
can prompt the digital system 300 o change s operation—vary a count range, step size, or
sensitivity to various data inputs, or divect a change of states when the dightal svstem 300
implements a state machine.

The analog svstem 200 can also reconfigure the digital system 300, for example, by
providing commands or control sigoals to the digital system 300, These commands or
control signals can be stmilar to those the microcontroller 102 can provide to the digital
system 300 during (rejeonfiguration operations. Since the analog system 200 and digital

systerm 300 can be enabled to reconfigure each other over the digital system controlted
mterconnect 320, the analog system 200 and the digital system 300 can alleviate the load
from the microcontroller 102,

The digital system controlled interconnect 320 can include control connections, status
connections, and dats connections between the digital system 300 and the analog system 200,
The digital system 300 can wiilize the contro} connections to provide the analog system 200
with clocking information, a start trigger, dynamic mode controls, and dynamic routing
controls, ete. The analog system 200 can utilize the status connections to provide the digital
system 300 with various signals corresponding to the performance of operations by the

analog system 200, For instance, the analog system 200 can provide process conplete
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signals, comparator signals, efe, to the digital system 300 during the performance of various
applications. The digital system 300 can utilize the data connections to exchange data with
the analog system 200. For instance, in a digital~to-analog conversion application, the digital
system 300 can provide digital data to the analog system 200 for conversion. When in an
analog-to-digital conversion application, the analog system 208 can provide the output of the
analog-to-digital conversion back to the digital system 300,

The digital system 300 can be configured into the digital contrel device responsive to
configuration data stored in the memory device of the special functions block 136, This
configuration data can be provided to the digital system 300 through one or more divect
memory access (DMA) operations with the DMA controlier 120, for example, via one or
more buses. The use of the DMA controller 120 to provide the configuration data io the
digital system 300 can allow the digital system 300 to begin controlling the configuration and
operation of the analog system 200 and the digital system 300 upon bool of the core
architecture 100 before the microcontroller 102 is inttialized and available to control the
analog system 200 and the digital system 300, In some embodiments, the digital system 300
can be configured into the digital control device based on configuration data received from
the microcontrotier 102, for example, via ong or more buses. Embodiments of the analog
system 200, digital system: 300, and the digital system controlled infercomnect 320 will be
deseribed below in greater detail,

Figure 2 35 a block diagram example of the analog system 200 shown in Figuore
Referring to Figure 2, the analog system 200 includes an analog block array 210 having a
plurality of reconfigurable analog cirouits (not shown) that can be utilized individually or be
variously combined to implement analog or mixed-signal applications. The analog block

array 2H) includes multiple programmable analog blocks 220 that each can be {re)configured

10
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by the digital system 300 {or microcontrolier 102} to implement discrete-time fonctions or
continucus-time functions,

The analog system 200 includes routing interfaces 205 1o comect the Chab 116
andfor micincontrotler 102, the digital system 300, and other fixed function peripherals to the
analog block array 210, The analog block arvay 210 can include a programmable
interconnect matrix 212 and 214 that connects wgether different programmable analog blocks
220. The routing intertaces 203 can be an exiension of the interconnect matrix 212 and 214,
for example, at the top and bottom of the analog block avray 210, The routing intertaces 205
can couple to various buses and the digital system controlied interconneet 320,

The interconnect matrix 212 and 214 and the routing interfaces 203 can combine to
provide data, voltages, configuration signaling, ete, to the programmable analog blocks 220
from various on~chip devices and possibly from external resources via 1O ports 202A4-202D.
The mtercomect matrix 212 and 214 can also allow the programmable analog blocks 220 10
send output data or control/status information to other on-chip devices via one or more buses
or digital system controlled interconnect 320 or to external devices via VO ports 202A-202D,
for example, to the microcontrolier 102 ov the digital system 300,

Figure 3 15 a block diagram example of the digital system 300 shown in Figare 1
Referring to Figure 3, the digital system 300, in some embodiments, includes a universal
digital block (UDB) array 316 having a programmable interconnect matrix 338 that connects
together different UDBs 400, The individual UDBs 400 each include a collection of
uncommitted logie in the form of Progranumable Logic Devices (PLDs) and structural
dedicated fogic elements that form a datapath shown in more detall in helow,

The UDB array 310 can be arranged into UDHE pairs 322 that are connected fogether

through the interconnect matrix 330, The UDB pairs 322 cach include two UDBs 400 that



WO 2010/129611 PCT/US2010/033626

can be tightly coupled 1o a shared horizontal routing channel 332, The UDB pairs 322 can
also be programmably connected to the horizontal routing channels 332 of other UDB pairs
322 enther in the same horizontal row or in different rows through vertical routing channels
334, The horizontal and vertical routing channels and other switching elements are all
collectively referred 1o as the interconnect matrix 330,

A digital routing interface 308 connects the microcontrotler 102, the analog system
200, and other system resources to the LIDB array 310, The digital routing interface 305 can
be an extension of the interconnect matrix 330 at the top and bottom of the UDB array 310
The digital routing interface 3035 can couple to various buses and the digital svstem controlled
interconnect 320,

Figure 4 is a block diagram example of the universal digital block 400 shown in
Figure 3. Referring to Figure 4, the major blocks include a pair of Programmable Logie
Devices (PLDs) 422 and 424. The PLDs 422 and 424 can take inputs from the system bus
106 or the digital system controlled intercounect 320 and can form registered or
combinational sum-of-products logic to implement state machines, control for detapath
operations, conditioning inputs and driving outputs, The PLD blocks 422 and 424 can
implement state machines, perform input or owtput dita conditioning, and create look-up
tables. The PLDs 422 and 424 can also be configured to perform arithmetic functions,
sequence datapath 410, and generate status information.

The datapath block 410 contains highly structured dedicated logic that implements a
dynamically programmable arithmetic logic unit {ALLY, comparators, and condition
generation. A status and control block 404 allows the microconivoller firmyware or the digital
system 300 {us the digital control device) o interact and synchronize with the UDB 400 by

writing to control inputs and reading status outputs. 1o some embodiments, the digital system

¥
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300 can access the status and control block 404 of the UDB 460 through the digital sysiem
controlled interconnect 320,

A clogk and reset control block 402 can provide global elock selection, enabling, and
reset sefection for the UDB 400. The clock and reset block 402 can select a clock for each of
the PLD blocks 422 and 424, the datapath block 410, and status and controf block 404 from
availuble global system clocks, a bus clock, or signaling from the digital system 300 through
the digital systern contrelled interconnect 320, The slock and reset block 402 can also supply
dynamic and firmware resets to the UDBs 400,

A routing channel connects to UDB IO through a programmable switch niatrix and
provides connections between the different elements of the UDBs 400 in Figure 2. An
interface to the bus or the digital system controiled interconnect 320 can map registers and
memory in the UDBs 400 into a system address space and are accessible by the
microcontratier 102 or the digital system 300 through the digital system controlied
nterconnect 320,

The PLDs 422 and 424 and the datapath 410 have chaining sipnals 412 and 414,
respectively, which enable neigﬁbaring UDBs 400 1o be linked to create higher precision
functions. The PLD carry chain signals 412 ave routed from the previons adiacent UDR 400
in the chain, and routed through each macrocel! in both of the PLDs 422 and 424, The carry
out ¢an then be routed to the next UDR 400 1o the chain, A similar conmectivity can be
provided for the set of conditional signals generated by the datapath chain 414 between
datapaths 410 in adjacent UDRs 400,

Figure S is another bloek diagram example of 8 programmable system 300 with
autonomous digital system control according to enbodiments of the invention. Referring to

Figure 3, the programmable svstem 500 includes a digital systern 300 with one or more

-
1ot
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programmable digital blocks having been configured to implement a digital control devios
SHL The digital system 300 can be configured to implement the digital controf device 510
based on configuration data provided to the digital system 300 via a DMA controlier 120, By
using a DMA controller 120 to provide the configuration data to the digital system 300, the
programmable system 500 can configure the digital system 300 autonomously of the
microcontroller 102, Although this antonomous configuration of the digital system 300 can
reduce the consumption of processing resources and also allow the digital system 300 begin
performing operations more quickly after # system boot, as the digital system 300 dogs not
have to wail tor firmware initiation befiwe being configured, in some embodiments, the
microcontroller 102 can provide the configuration data to the digital system 300,

The digital contrel device 510 can configure the analog system 200 and the digital
system 300 to perform varions analeg, digital, and mixed-signal applications, including an
analog-to-digital conversion as shown in Figure 5, and control the analog system 200 and the
digital systern 300 during the performance of the applcation. In an analog-to-digital
converter copfiguration, a plurality of analog blocks 220-1 t0 220-N in the analog system 200
ave configured by the digital control device 510 Into switch capacitance modulators, and a
plarality of digital blocks 8201 to 320-M in the digital system are configured into digital
integrators. In soms embodiments, the switch capacitance modutators can each include an
operational amplifier 221, a comparator 220, and g capacitance network {not shown) to
pusformy the modulations for the analog-to-digital conversion

The digital control device 510 can direct the configuration of the analog blocks 220-1
0 220-N into switch capacitance modulators by passing commands and/or data to the analog
system 2K} over the analog programunable intereonnect 330 or the digital programmable

interconnect 340, The analog progranumable interconnect 530 can be reconfigured by the

14
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digital controt deviee 310 to route analog data and signals from VO ports 202 or between the
analog blocks 220, The reconfigurability of the analog programumable interconnect 330
allows the digital control device 510, and in some embodiments, the microcontroller 102, the
ability to configere the routing of the analog programmable interconnect 330 based ow the
particular application performed by the programmable system 500, The digital
programmable interconnect 540 can route digital data, commands, and signals between the
digital system 300 and the analog systers 200, In some embodiments, the analog
programmable imercmme t 330 and the digital programmable interconnect 340 comprise the
digital system controiled intercomnect 320 shown in Figure 1.

Once the analog system 200 and digital system 300 are configored to perform analog-
to-digital conversion, the digital control device 310 can divect analog data be provided to the
analog system 200, for example, from one or more 1O ports 202 via the analog
programniable interconnect 330, The switch capacitance modulators can be configured 1o
modulate the analog data and provide the modulated data to the digital integrators 52041 to
320-M over the dighial programnmable interconnect 540,

In some embodiments, the digital control device 510 can diveet anslog data to be
provided to an input terminal of the operational amplifier 221 and/or the capacitor network in
the switch capacitance modulators, The operational amplifier 221 can generate an output,
which can be supplied to the analog programmable interconnect 330 for use by the digital
controd device 310 and fed to the comparator 222 for comparison against a known reference
voltage. Based on the operation of the swilch capacitance modulators, the digital contro}
device 310 can provide feedback 1o the operational amplifier 221 of the switch capacitance
modulators, adjusting the generation of the output from the analog data. This feedback can

be provided in real-time by the digital control device 310 in response to status signaling that

po
A
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the digital control device 510 receives from the switch capacitance modulators over either the
analog programmable interconnect 330 or the digital programmable interconnect 540,

The digital integrators 520-1 to 320-M can receive and integrate digital data, such as
the output of the comparator 222, over the dightal programmable interconnect 340, The
digital control device 510 can controd the digital integrators 320-1 to 320-M and other digital
blocks in the digital system 300 1o provide a digital data outpat o & selected output, such as
an /O port 202 coupled 1o the digital programmable interconmect 54¢. In some
emnbadiments, the analog system 200 can provide commands or control signals to the digital
system 30 through either the analog programmable interconnect 330 or the digital
programpiable interconnect 340, These commands or control sigaals can direct
{rejcondiguration of the digital system 308 or prospt the digital system 300 to change an
operational state. For example, the analog system 200 can provide control signals to the
digital system 300 that direct the digital system 300 to configure into the series of digital
integrators 520-1 to S20-M. In some embodiments. the control signals provided by the
analog system 200 can direct the digital system 300 to alter its operational state while in its
current configuration.

Figure 6 is an example operational flowehart of the programmable system on a chip
according to embodiments of the invention. Referring to Figure 6, in a block 610, the digital
system 300 can be configured to receive configaration data 137 that prompts the digital
system 300 to implement a digital control device 510, The digital s}-‘stem 306 can be

configured to implement the digital control device 510 based on configuration data provided
1o the digital system 300 via the DMA controller 126 or by the microcontroller 102, When
receiving the configuration data from the DMA controlier 120 after a system boot of the

progranunable system, the digital system 300 can be configured agtonomously of the
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microcontrolier 102 and before firmware corresponding to the microcontroller 102 is fully
initiated.

In block 620 and 630, the digital control device 318 can be configured to send one of
more commands that are configured to prompt reconfiguration of the analog svstem 200 and
the digital systern 300, respectively. Based on the application that the digital control device
314 intends to initiate, L.e., analog application, digital application, or mixed-signal
application, the digital control device 310 can send commands to the analog system 200
andfor the digital system 300. For instance, when implementing a mixed-signal application,
the digital control device 510 can send commands 10 both the analog system 200 and the
digital svstem 300, When, however, implementing an analog application, the digital control
device 310 can send commands to the analog system 200 without sending the commands to
the digital system 300, as the digital system 300 may not be utilized to implement to the
analog application.

in a block 640, the digital control device 310 can be configured to control data
operations performed by the {rejconfigured analog system 200 andfor digital svstem 300
independently of the microcontroller 102, The digital controf device 510 can utilize an
interconnect coupled between the analog system 200 and digital system 300 to control the
operations performed by the analog system 200 and digital system 300, The interconnect can
be controlled by the digital system 300 and be utilized by the digital control device 510 10
provide data and commands to the analog system 200 and to receive status signaling and data
from the analog system 200. During the performance of some applications, the digital control
device 310 can resct to the status signaling provided by the analog system 200 in real-time
and provide control feedback to the analog system 200 over the interconnect, stlowing for

increased throughput and svstem performance.



WO 2010/129611 PCT/US2010/033626

One of skill in the art will recognize that the concepts taught hereln can be tailored to
a particular application i many other ways, In particular, those skilled in the art will
recognize that the iHustrated embodiments are but one of many alternative implementations
that will beeome apparent upon reading this disclosure.

The preceding embodiments are examples. Although the specification may refer to
“an”, “one”, “another”, or “some” embodiment(s) in several locations, this does not
necessartly mean that each such reference is to the same embodiment(s), or that the feature

only applies to a single embodiment.
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CLAIMS

{. A systom comprising

& programmable analog system that is recounfigarable to perform various analog
operations,

a programmable digital system that is reconfigurable to perform various digital
operations; and

a micracontroller capable of reconfiguring and controlling the programmalie analog
system and the programumable digital system, wherein the programmable digital system is

configured to control the programmable analog system autonomously of the microcontroller.

2. The system of claim 1, further comprising a system interconnect controtled by the
progranumable digital system, wherein the programmable digital system is configured to
direct reconfiguration of the programmable analog system and control the programmable

analog system over the system inferconnect.

3. The system of claim 1, wherein the progranunable analog system includes multiple
analog circuits that are reconfigurable to perform various analog data operations, and wherein
the progranumable digital system includes multiple digital circuits that are reconfigurable to

perform various digital data operations,

4. The systern of claim 3, wherein one or more digital cireuits in the programmable

digital system are configured 1o implement a digital controller, wherein the digital controller

is configured to direct the reconfiguration of the analog cirenits in the programmable analog

18
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system and direct the reconfiguration of other digital eirenits in the programmable digital

systent,

[

3. The

Ly

system of claim 4, firther comprising 8 memory device to store configuration
data that, when provided to the programmable digital systen, causes the programmable
digital system to reconfigure the one or more dightal cireuits 1o implement the digital

controfler.

6. The system of claim 5, further comprising a direct memory access engine to
retrieve the configuration data from the memory device when the system is initially booted

and send the configuration data to the programmable digital system.

<]

7. The system of claim 3, wherein the microcontrolier is configured 1o reconfigun
the one or more digital circuits in the programmable digital system to implement a digital

controller.

8. The system of claim 1, wherein the progranumable digital system Is configured (o
direct the programmable analog system and programmable digital system to implersent at

least one mixed-signal application autonomously of the microcontraller.

9. A method comprising:
receiving condiguration data that protopts a digital system o implement a digital

control device;

28
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sending, with the digital contrel device, one or more eommands 1o an analog system
over an interconnect controiled by the digital control device, wherein the one or more
cosmands are configured to prompt a recontiguration of the analog systeny; and

controlling, with the digital control device, analog data operations performed by the

reconfigured analog system independently of a microcontroller.

10, The methad of claim 9, whereln the dightal system includes one or more universal
digital block devices that are reconfigurable to perform digital data operations, and wherein
the configuration data, when provided to the digital system, causes the digital system to
reconfigure at least one of the universal digital block devices to implement the digital control

device.

{1, The method of claim 9, whereln analog system including one or more analog
circnits that are reconfigurable to perform the analog data operations, and wherein the digita

control device is configured to direct the reconfiguration of the analog circuits in the analog

system and configured to control the analog data operations performed by the reconfigured
analog cireuits in the progranymnable analog system.

12, The method of claim 9, wherein the configuration data is received from a direct
memory access engine performing direct memory access operations that retrieve the

configuration data from a memory device.

13, The method of claim 9, wherein the configuration data is recetved from the

mierocontrolier.
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{4, A svstem comprising:

a programmable analog system including one or more analog circuils that are
reconfigurable to perform analog data operations; and

a programmable digital system incloding one or more universal digital block devices
that ave reconfigurable to perform digital data operations, wherein at least one of the
universal digital block devices is reconfigured to implement a digital control device that

contreds the programmable analog system,

£5. The system of claim 14, wherein the digital control device is configured to direct
the recontiguration of the analog circuits in the programmable analog device and confignred
to controf the analog data operations performed by the reconfigured analog circuits in the

programmable analog system.

The system of claim 14, further comprising a microcontroller capable of
controlling the programmable analog system and the programmable digital system, wherein
the programmable digital system is configured to direct the reconfiguration of the analog

circaits and control the analog data operations performed by the programmable analog system

independently of the microcontrofler.

17, The system of claim 14, further comprising a system interconnect controfled by
the programmable digital system, wherein the programmable digital system is configared to
direct reconfiguration of the programmable analog system and control the programmable

analog system over the system interconnect,

™,
X
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18. The system of claim 14, further comprising 2 memory device o store
configuration data that, when provided to the progranumable digital system, causes the
progranmable digital system to reconfigure at least ove of the universal digital block devices

i implenient the dightal control device.

19, The system of claim {8, further comprising a direct memory access engine 1o
retrieve the contiguration data from the memory device when the system Is injtially booted

and send the configuration data to the programmable digital system.

20, The system of claim 14, wherein the programmable analog svstem is configured

1o control the programmable digital system autonomously of a2 microcontrofler.
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Figure 3
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Figure 6
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