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APPARATUS AND METHODS FOR ADJUSTING 
PERFORMANCE CHARACTERISTICS OF 
PROGRAMMABLE LOGIC DEVICES 

TECHNICAL FIELD 

[0001] The inventive concepts relate generally to adjust 
ing the performance of programmable logic devices (PLDs). 
More particularly, the invention concerns adjusting the sup 
ply voltage/poWer consumption of PLDs, as Well as noise 
reduction and isolation in PLDs. 

BACKGROUND 

[0002] PLDs are ubiquitous electronic devices that pro 
vide ?exibility to not only designers, but also end-users. 
During the design cycle of an electronic circuit or system, a 
designer may perform a relatively large number of design 
iterations by simply re-programming the PLD for each 
design. Thus, the length and expense of the design cycle 
decreases compared to other alternatives. Similarly, the 
end-user may have a desired level of control over the 
functionality of a design that includes PLD(s). By program 
ming the PLD(s) in the ?eld or even on a real-time basis, the 
user can change the Way the circuit or system behaves. 

[0003] To accommodate increasingly complex designs, 
modern PLDs include a relatively large number of transis 
tors. Furthermore, users demand ever higher performance, 
Which results in larger operating frequencies. Consequently, 
the poWer consumption, poWer dissipation, die temperatures 
and, hence, poWer density (poWer dissipation in various 
circuits or blocks), of PLDs has tended to increase. The 
upWard march of the poWer density, hoWever, may make 
PLDs design and implementation impractical or failure 
prone. A need exists for PLDs that feature adjustable per 
formance, such as adjustable poWer consumption in various 
PLD blocks and circuits. 

SUMMARY 

[0004] The disclosed novel concepts relate to apparatus 
and methods for adjusting the performance of PLDs, includ 
ing adjusting the supply voltage/poWer consumption of 
PLDs, as Well as noise reduction and isolation in PLDs. One 
aspect of the invention relates to apparatus for adjusting the 
performance of PLDs. In one embodiment, a PLD includes 
a circuit that controls a supply voltage of another circuit 
Within the PLD. The controlling circuit further ?lters noise 
Within the PLD. 

[0005] In another embodiment, a PLD includes a circuit 
that resides in a deep n-Well in the PLD. The circuit in the 
deep n-Well couples to a variable impedance device. The 
variable impedance device adjusts the supply voltage of the 
circuit in the deep n-Well, thus adjusting its performance. 

[0006] Another aspect of the invention relates to methods 
of con?guring, operating, and adjusting the performance of 
PLDs. In one embodiment, a method of con?guring a PLD 
to implement an electronic circuit includes mapping the 
electronic circuit to functional resources Within the PLD to 
generate a circuit to be implemented by the PLD. The 
method further includes identifying at least one critical 
circuit path in the circuit to be implemented by the PLD, and 
setting the supply voltage level of at least a portion of the 
critical circuit path. 

Jun. 8, 2006 

[0007] In another embodiment, a method of operating a 
PLD includes setting the supply voltage level of a circuit in 
the PLD to a voltage level, and determining Whether a 
performance measure of the PLD meets a particular crite 
rion. The method further includes adjusting the supply 
voltage level of the circuit depending on Whether the per 
formance measure of the PLD meets the criterion. 

[0008] Another embodiment relates to a method of oper 
ating a PLD that is con?gured to function in a desired or 
prescribed operating environment. More speci?cally, the 
method includes setting the supply voltage level of a circuit 
in the PLD to a voltage level, and adjusting the supply 
voltage level of the ?rst circuit depending on at least one 
characteristic of the operating environment of the program 
mable logic device (PLD). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The appended draWings illustrate only exemplary 
embodiments of the invention and therefore should not be 
considered as limiting its scope. Persons of ordinary skill in 
the art Who have the bene?t of the description of the 
invention appreciate that the disclosed inventive concepts 
lend themselves to other equally effective embodiments. In 
the draWings, the same numeral designators used in more 
than one draWing denote the same, similar, or equivalent 
functionality, components, or blocks. 

[0010] FIG. 1 shoWs a general block diagram of a PLD 
according to an illustrative embodiment of the invention. 

[0011] FIG. 2 illustrates a ?oor-plan of a PLD according 
to an exemplary embodiment of the invention. 

[0012] FIG. 3 depicts a block diagram of an exemplary 
embodiment of programmable logic in a PLD according to 
the invention. 

[0013] FIG. 4 shoWs a circuit arrangement for adjusting 
the supply voltage of a desired circuit in a PLD according to 
an exemplary embodiment of the invention. 

[0014] FIG. 5 illustrates another circuit arrangement for 
adjusting the supply voltage of a desired circuit in a PLD 
according to an exemplary embodiment of the invention. 

[0015] FIG. 6 depicts a circuit arrangement for reducing 
the noise level in a PLD according to an exemplary embodi 
ment of the invention. 

[0016] FIG. 7 shoWs another circuit arrangement for 
reducing the noise level in a PLD according to an exemplary 
embodiment of the invention. 

[0017] FIG. 8 illustrates an arrangement for providing a 
?exible mechanism for adjusting the performance of the 
various parts of a PLD according to an exemplary embodi 
ment of the invention. 

[0018] FIGS. 9A-9C depict circuit arrangements for dis 
tributing and generating poWer supply voltages in PLDs 
according to exemplary embodiments of the invention. 

[0019] FIG. 10 shoWs an example of using n-Wells to 
isolate noise-sensitive circuits in a PLD according to an 
illustrative embodiment of the invention. 

[0020] FIG. 11 illustrates various softWare modules that 
PLD computer-aided design (CAD) softWare according to 
illustrative embodiments of the invention uses. 
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[0021] FIG. 12 depicts a How diagram for a PLD CAD 
software according to an exemplary embodiment of the 
invention. 

[0022] FIG. 13 shows a block diagram of circuitry Within 
a PLD according to exemplary embodiments of the inven 
tion to adjust, program, or set the supply voltage levels of 
desired parts of the PLD. 

[0023] FIG. 14 illustrates a circuit arrangement according 
to exemplary embodiments of the invention for adjusting 
supply voltage levels Within a PLD in response to an 
external source. 

[0024] FIG. 15 depicts a circuit arrangement for adjusting 
supply voltage level(s) Within a PLD according to exem 
plary embodiments of the invention. 

DETAILED DESCRIPTION 

[0025] The inventive concepts contemplate apparatus and 
associated methods for PLDs that feature adjustable supply 
voltage (and, hence, poWer consumption and performance), 
reduced noise levels, and noise isolation. The inventive 
concepts help to overcome excessive poWer density levels 
that conventional PLDs sulfer. Moreover, one may adjust the 
performance level of a desired portion, circuit, or block (or 
all circuits and blocks), of a PLD according to the invention. 
Put another Way, one may adjust the performance by pro 
gramming the supply voltage and the attendant poWer dis 
sipation of the circuitry Within the PLD With a desired level 
of granularity, ranging from individual circuit blocks, all the 
Way to the entire PLD circuitry. 

[0026] More speci?cally, and as described beloW in detail, 
the inventive concepts contemplate controlling the supply 
voltage and poWer consumption of one or more circuits or 
blocks of circuits Within the PLD by using a variable 
impedance circuit. In addition, one may use the variable 
impedance circuit to form a ?lter that, simultaneously With 
the adjustment of the poWer consumption, tend to reduce the 
noise levels present Within the PLD. The reduced noise 
levels help to protect sensitive circuitry Within the PLD from 
adverse effects of electrical noise. Furthermore, one may 
protect noise-sensitive circuitry Within the PLD by using 
deep n-Well structures Within the PLD that help to isolate the 
sensitive circuitry from sources of electrical noise. 

[0027] The inventive concepts provide the folloWing ben 
e?ts over traditional implementations. First, they alloW 
trading oif performance and poWer consumption or optimiZ 
ing the performance-power consumption tradeoif. Second, 
one may selectively set, program, or adjust the supply 
voltage and poWer consumption in critical circuit paths or 
parts of the PLD so as to increase their performance as 
desired. Conversely, one may selectively set, program, or 
adjust the supply voltage and poWer consumption in non 
critical circuit paths or parts of the PLD to levels commen 
surate With their desired performance. 

[0028] One may also employ the inventive concepts to 
prevent (or reduce the probability of) thermal runaWay. 
More speci?cally, in a traditional PLD, circuits operating at 
relatively high speeds tend to consume more poWer, result 
ing in temperature increase of the PLD. The increased poWer 
consumption may in turn cause those circuits to consume 
more poWer. This positive feedback mechanism may 
increase the poWer densities to unsafe or destructive levels. 
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In PLDs according to the invention, one may adjust or 
control the supply voltage and poWer consumption levels of 
various blocks and, hence, reduce the likelihood of thermal 
runaWay. Furthermore, the inventive concepts help to pro 
vide better performance by reducing the noise levels Within 
the PLD and to isolate noise-sensitive circuitry from the 
undesirable effects of noise. 

[0029] FIG. 1 shoWs a general block diagram of a PLD 
103 according to an illustrative embodiment of the inven 
tion. PLD 103 includes con?guration circuitry 130, con?gu 
ration memory 133, control circuitry 136, programmable 
logic 106, programmable interconnect 109, and I/O circuitry 
112. In addition, PLD 103 may include test/debug circuitry 
115, one or more processors 118, one or more communica 

tion circuitry 121, one or more memories 124, one or more 
controllers 127, as desired. 

[0030] Note that FIG. 1 shoWs a simpli?ed block diagram 
of PLD 103. Thus, PLD 103 may include other blocks and 
circuitry, as persons of ordinary skill in the art understand. 
Examples of such circuitry include clock generation and 
distribution circuits, redundancy circuits, and the like. Fur 
thermore, PLD 103 may include, analog circuitry, other 
digital circuitry, and/or mixed-mode circuitry, as desired. 

[0031] Programmable logic 106 includes blocks of con 
?gurable or programmable logic circuitry, such as look-up 
tables (LUTs), product-term logic, multiplexers, logic gates, 
registers, memory, and the like. Programmable interconnect 
109 couples to programmable logic 106 and provides con 
?gurable interconnects (coupling mechanisms) betWeen 
various blocks Within programmable logic 106 and other 
circuitry Within or outside PLD 103. 

[0032] Control circuitry 136 controls various operations 
Within PLD 103. Under the supervision of control circuitry 
136, PLD con?guration circuitry 130 uses con?guration data 
(Which it obtains from an external source, such as a storage 
device, a host, etc.) to program or con?gure the functionality 
of PLD 103. The con?guration data typically reside in 
con?guration memory 133. The con?guration data deter 
mine the functionality of PLD 103 by programming pro 
grammable logic 106 and programmable interconnect 109, 
as persons skilled in the art With the bene?t of the descrip 
tion of the invention understand. 

[0033] U0 circuitry 112 may constitute a Wide variety of 
I/O devices or circuits, as persons of ordinary skill in the art 
Who have the bene?t of the description of the invention 
understand. I/O circuitry 112 may couple to various parts of 
PLD 103, for example, programmable logic 106 and pro 
grammable interconnect 109. I/O circuitry 112 provides a 
mechanism and circuitry for various blocks Within PLD 103 
to communicate With external circuitry or devices. 

[0034] Test/debug circuitry 115 facilitates the testing and 
troubleshooting of various blocks and circuits Within PLD 
103. Test/debug circuitry 115 may include a variety of 
blocks or circuits knoWn to persons of ordinary skill in the 
art Who have the bene?t of the description of the invention. 
For example, test/debug circuitry 115 may include circuits 
for performing tests after PLD 103 poWers up or resets, as 
desired. Test/debug circuitry 115 may also include coding 
and parity circuits, as desired. 

[0035] As noted above, PLD 103 may include one or more 
processors 118. Processor 118 may couple to other blocks 
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and circuits Within PLD 103. Processor 118 may receive data 
and information from circuits Within or external to PLD 103 
and process the information in a Wide variety of Ways, as 
persons skilled in the art With the bene?t of the description 
of the invention appreciate. One or more of processor(s) 118 
may constitute a digital signal processor (DSP). DSPs alloW 
performing a Wide variety of signal processing tasks, such as 
compression, decompression, audio processing, video pro 
cessing, ?ltering, and the like, as desired. 

[0036] PLD 103 may also include one or more commu 
nication circuitry 121. Communication circuitry 121 may 
facilitate data and information exchange betWeen various 
circuits Within PLD 103 and circuits external to PLD 103, as 
persons of ordinary skill in the art Who have the bene?t of 
the description of the invention understand. As an example, 
communication circuitry 121 may provide various protocol 
functionality (e.g., Transmission Control Protocol/Internet 
Protocol (TCP/IP), User Datagram Protocol (UDP) etc.), as 
desired. As another example, communication circuitry 121 
may include netWork (e.g., Ethernet, token ring, etc.) or bus 
interface circuitry, as desired. 

[0037] PLD 103 may further include one or more memo 
ries 124 and one or more controller(s) 127. Memory 124 
alloWs the storage of various data and information (such as 
user-data, intermediate results, calculation results, etc.) 
Within PLD 103. Memory 124 may have a granular or block 
form, as desired. Controller 127 alloWs interfacing to, and 
controlling the operation and various functions of circuitry 
outside the PLD. For example, controller 127 may constitute 
a memory controller that interfaces to and controls an 
external synchronous dynamic random access memory 
(SDRAM), as desired. 

[0038] In addition to the circuitry that FIG. 1 shoWs, PLD 
103 may include analog or mixed-mode circuitry 139, 
sometimes knoWn as analog or mixed-mode intellectual 
property (IP) blocks. For example, PLD 103 may include 
ampli?ers, digital-to-analog converters, analog-to-digital 
converters, ?lters, and the like. By their nature, analog/ 
mixed-mode circuits tend to exhibit sensitivity to noise. As 
described beloW in detail, the inventive concepts help to 
isolate noise-sensitive circuitry from noise-generating cir 
cuitry. Furthermore, the inventive concepts include tech 
niques that tend to reduce the noise levels present in PLDs. 

[0039] FIG. 2 shoWs a ?oor-plan of a PLD 103 according 
to an exemplary embodiment of the invention. PLD 103 
includes programmable logic 106 arranged as a tWo-dimen 
sional array. Programmable interconnect 109, arranged as 
horizontal interconnect and vertical interconnect, couples 
the blocks of programmable logic 106 to one another. 

[0040] One may adjust the supply voltage and, hence, the 
poWer dissipation level, of each block of programmable 
logic 106, each segment of programmable interconnect 109, 
or both, as desired. Furthermore, one may adjust the supply 
voltage and the poWer dissipation level of a portion of one 
or more blocks of programmable logic 106, a portion of 
programmable interconnect 109, or both, as desired. 

[0041] In illustrative embodiments, PLDs according to the 
invention have a hierarchical architecture. In other Words, 
each block of programmable logic 106 in FIG. 2 may in turn 
include smaller or more granular programmable logic blocks 
or circuits. One may adjust the supply voltage and poWer 
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consumption or dissipation in each level of the hierarchical 
architecture of the PLD, as desired. 

[0042] FIG. 3 shoWs a block diagram of an exemplary 
embodiment of programmable logic 106 in a PLD according 
to the invention. Programmable logic 106 includes logic 
elements or programmable logic circuits 250, local inter 
connect 253, interface circuit 256, and interface circuit 259. 
Logic elements 250 provide con?gurable or programmable 
logic functions, for example, LUTs, registers, product-term 
logic, etc., as persons of ordinary skill in the art Who have 
the bene?t of the description of the invention understand. 
Local interconnect 253 provides a con?gurable or program 
mable mechanism for logic elements 250 to couple to one 
another or to programmable interconnect 109 (sometimes 
called “global interconnect”), as desired. 

[0043] Interface circuit 256 and interface circuit 259 pro 
vide a con?gurable or programmable Way for programmable 
logic 106 block of circuitry to couple to programmable 
interconnect 109 (and hence to other programmable logic 
106, as FIG. 2 shoWs). Interface circuit 256 and interface 
circuit 259 may include multiplexers (MUXs), registers, 
buffers, drivers, and the like, as persons of ordinary skill in 
the art Who have the bene?t of the description of the 
invention understand. 

[0044] One may adjust the supply voltage and poWer 
consumption of each portion or block of circuitry Within 
PLD 103 (see FIGS. 1-3), as desired. Furthermore, one may 
adjust the supply voltage and poWer consumption of each 
portion or block of circuitry independently of others, on an 
individual or collective basis, as desired. Within each por 
tion or block of circuitry, one may adjust the supply voltage 
and poWer consumption of each sub-block, or groups of 
sub-blocks, as desired. 

[0045] For example, one may adjust the supply voltage 
and poWer consumption of all or a portion of the folloWing 
circuitry Within a PLD according to exemplary embodiments 
of the invention: one or more of the blocks in FIG. 1 (e.g., 
programmable logic 106, programmable interconnect 109, 
etc.); one or more logic elements 250 Within one or more 
programmable logic blocks 106; one or more interface 
circuits 256 and/or 259, Within one or more programmable 
logic blocks 106; one or more local interconnect Within one 
or more programmable logic 106; and one or more MUXs, 
drivers, buffers, etc., Within one or more interface circuits 
256 and/or 259. 

[0046] As noted above, one may make the supply voltage 
and poWer consumption adjustments in any desired level of 
granularity. In other Words, one may make the adjustments 
applicable to sub-blocks, blocks, regions, or the entire PLD, 
as desired, and as applicable. For example, one may make 
supply voltage and poWer consumption adjustments to one 
or more of such elements of the PLD independently of one 
or more of other elements Within the PLD, as desired. As 
persons of ordinary skill in the art With the bene?t of the 
description of the invention understand, one may adjust the 
supply voltage and poWer consumption of some parts of a 
PLD and yet provide a ?xed or default supply voltage and 
poWer consumption for other parts of the PLD, as desired. 

[0047] FIG. 4 shoWs a circuit arrangement for adjusting 
the supply voltage and, hence, the poWer consumption of a 
desired circuit in a PLD according to an exemplary embodi 
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ment of the invention. More speci?cally, the circuit arrange 
ment in FIG. 4 shows a controlled PLD circuit 300 that 
includes control circuit 303, PLD circuit 306, and variable 
impedance device 309. 

[0048] The circuit operates as folloWs: In response to one 
or more signals not shoWn explicitly in FIG. 4 (such as a 
bias signal and con?guration signals, described in connec 
tion With FIG. 13) circuit 303 applies a corresponding 
control signal (or signals, depending on the nature of vari 
able impedance device 309) so as to cause adjustment of the 
supply voltage that variable impedance device 309 provides 
to PLD circuit 306. Consequently, control circuit 303 can 
cause the adjustment of the poWer consumption (and other 
performance criteria, such as operating speed) of PLD 
circuit 306. 

[0049] Variable impedance device 309 couples the supply 
voltage, VDD, to PLD circuit 306. When variable impedance 
device 309 has a relatively high impedance, PLD circuit 306 
conducts relatively little current, and has a nearly Zero 
supply voltage. Thus, PLD circuit 306 effectively shuts 
doWn or enters an OFF state or sleep mode. In this state, 
PLD circuit 306 consumes nearly Zero poWer. 

[0050] At the other extreme, When variable impedance 
device 309 has a relatively loW impedance, PLD circuit 306 
receives nearly the voltage VDD as its supply voltage (minus 
any drop across variable impedance device 309). In this 
state, PLD circuit 306 typically has higher poWer consump 
tion, but also higher speed. Thus, by varying the effective 
supply voltage of PLD circuit 306 betWeen the tWo extremes 
of near-Zero and near-VDD supply voltages, one may trade 
off its various performance measures, such as poWer con 
sumption and speed. 

[0051] PLD circuit 306 may constitute any desired region, 
block, circuitry, sub-block, or collection of each of those 
parts, of a PLD. For example, PLD circuit 306 may consti 
tute one or more of the elements shoWn in FIGS. 1-3, such 
as programmable interconnect 109, logic elements 250, etc., 
as desired. 

[0052] As described beloW in detail, control circuit 303 
may operate under the supervision of one or more other parts 
of the PLD, or under the control of an external source, or a 
combination of internal and external sources, as desired. 
Control circuit 303 causes the impedance of the variable 
impedance device to change. As a result, the effective supply 
voltage provided to PLD circuit 306 varies. The effective 
supply voltage of PLD circuit 306 affects its characteristics, 
such as operating speed, poWer consumption, and the like. 
By adjusting the supply voltage level for PLD circuit 306, 
one may trade off its various characteristics, such as speed 
versus poWer consumption. 

[0053] Variable impedance device 309 may constitute a 
desired type of device, depending on factors such as the 
particular PLD implementation, circuit and process technol 
ogy, and the like, as persons of ordinary skill in the art Who 
have the bene?t of the description of the invention under 
stand. As one example, variable impedance device 309 may 
constitute a transistor. 

[0054] FIG. 5 illustrates another circuit arrangement for 
adjusting the supply voltage of a desired circuit in a PLD 
according to an exemplary embodiment of the invention. 
The circuit arrangement in FIG. 5 is similar to the circuit in 
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FIG. 4. FIG. 5, hoWever, uses a transistor 320 and, more 
particularly, a metal oxide semiconductor ?eld e?fect tran 
sistor (MOSFET) transistor, as a particular type of variable 
impedance device. 

[0055] Depending on factors such as the particular PLD 
implementation, circuit and process technology, and the like, 
as persons of ordinary skill in the art Who have the bene?t 
of the description of the invention understand, transistor 320 
may constitute a variety of devices, such as bipolar junction 
transistors (BJTs), bipolar hetero-junction transistor (BHT), 
and the like. 

[0056] In one embodiment implemented using metal oxide 
semiconductor (MOS) or complementary MOS (CMOS) 
technology, transistor 320 may constitute a native transistor, 
as desired. Native transistors may have a negative or small 
threshold voltage, VT, thus making biasing or driving tran 
sistor 320 easier in situations Where a relatively small VDD 
results in a small headroom in the output voltage of control 
circuit 303. 

[0057] As noted above, PLDs according to the invention 
may include noise-sensitive analog or mixed-mode circuitry. 
One may use ?ltering techniques to help reduce the overall 
noise in the PLD or the noise level that the analog or 
mixed-mode circuitry experiences. 

[0058] FIG. 6 depicts a circuit arrangement for reducing 
the noise level in a PLD according to an exemplary embodi 
ment of the invention. Controlled PLD circuit 300 in FIG. 
6 is analogous to the circuit shoWn in FIG. 4, and provides 
similar bene?ts. Thus, the circuitry in FIG. 6 provides the 
capability of controlling the supply voltage and, hence, the 
performance, of PLD circuit 306, as described above in 
detail. In the circuit of FIG. 6, PLD circuit 306 constitutes 
a circuit With relatively high sensitivity to noise, such as an 
analog or mixed-mode circuit. 

[0059] In addition to the elements shoWn in FIG. 4, the 
circuit arrangement in FIG. 6 includes capacitor 323 and 
capacitor 326. Together With various impedances present in 
the circuit, each of those capacitors forms a ?lter. For 
example, capacitor 326, together With the parallel imped 
ance of variable impedance device 309 and PLD circuit 306, 
forms a loW-pass ?lter. By ?ltering higher frequencies, the 
loW-pass ?lters tend to reduce the overall noise level that 
PLD circuit 306 experiences. Note that one may omit one of 
capacitors 323 and 326, depending on factors such as the 
desired level of ?ltering, the siZe and value of components, 
and the like, as persons of ordinary skill in the art Who have 
the bene?t of the description of the invention understand. 

[0060] FIG. 7 shoWs another circuit arrangement for 
reducing the noise level in a PLD according to an exemplary 
embodiment of the invention. The circuit arrangement in 
FIG. 7 constitutes a more speci?c implementation of the 
circuit in FIG. 6. More speci?cally, rather than a general 
variable impedance device 309 in FIG. 6, the circuit 
arrangement in FIG. 7 uses transistor 320. Transistor 320 
may generally constitute any of the devices described above 
With respect to FIG. 5, as desired. Note that, as described 
above, one may omit one of capacitors 323 and 326, 
depending on factors such as the desired level of ?ltering, 
the siZe and value of components, and the like, as persons of 
ordinary skill in the art Who have the bene?t of the descrip 
tion of the invention understand. 












