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(57) ABSTRACT 

The invention relates to programmable voltage regulator that 
programmably provides a desired operating voltage to a 
poWer pin based upon operating voltage con?guration data. 
The programmable voltage regulator includes an operating 
voltage con?guration data decoder arranged to decode the 
operating voltage con?guration data. The programmable 
voltage regulator also includes a programmable voltage 
doWn converter connected to the operating voltage con?gu 
ration data decoder. The programmable voltage doWn con 
verter uses the decoded operating voltage con?guration data 
to convert the ?rst voltage to the desired operating voltage 
Which is then output to the poWer pin. 
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PROGRAMMABLE VOLTAGE REGULATOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/311,208 ?led May 12, 1999 Which 
claims bene?t of priority under 35 U.S.C. §119(e) of US. 
Provisional Application No. 60/086,910 ?led May 27, 1998, 
each of Which are hereby incorporated by reference in their 
entireties. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to memory used to 
con?gure a programmable integrated circuit and speci?cally 
a con?guration memory having a programmable voltage 
regulator. 

[0004] 2. Description of the Related Art 

[0005] Aprogrammable logic device (PLD) is a program 
mable integrated circuit that alloWs the user of the circuit, 
using softWare control, to customiZe the logic functions the 
circuit Will perform. The logic functions previously per 
formed by small, medium, and large scale integration inte 
grated circuits can instead be performed by programmable 
logic devices. When a typical programmable logic device is 
supplied by an integrated circuit manufacturer, it is not yet 
capable of performing any speci?c function. The user, in 
conjunction With softWare supplied by the manufacturer or 
created by the user or an af?liated source, can con?gure the 
PLD to perform the speci?c function or functions required 
by the user’s application. Typically, a con?guration memory 
includes information in the form of stored con?guration data 
bits to con?gure the PLD. The PLD then can function in a 
larger system designed by the user just as though dedicated 
logic chips Were employed. For the purpose of this descrip 
tion, it is to be understood that a programmable logic device 
refers to once programmable as Well as reprogrammable 
devices. 

[0006] The programmable logic device, as With substan 
tially all integrated circuits, are formed using Well knoWn 
photolithographic processes. As is knoWn in the art, a 
photolithographic process may be characteriZed by the 
smallest geometry that can be repeatedly resolved by that 
technology. By Way of eXample, some photolithographic 
processes are capable of resolving geometries as loW as 1 
micron, Whereas other processes are capable of resolving 
geometries as loW as 0.35 microns or smaller. 

[0007] The capability of conventional photolithographic 
processes to resolve smaller and smaller geometries pro 
vides integrated circuit designers With the capability of 
designing ever more compleX circuits in ever smaller siZe 
(i.e., the circuit density increases With the square of the 
characteristic length of the process). It is therefore highly 
advantageous to use photolithographic processes capable of 
resolving the smallest geometries. One advantage to using 
photolithographic processes capable of producing ?ner line 
Widths is that more integrated circuits, in the form of die, can 
be put on a single semiconductor Wafer, thereby producing 
greater yield per Wafer With the attendant reduction in 
manufacturing costs. 
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[0008] HoWever, any integrated circuit having a charac 
teristic length ?ner than 0.5 microns must use a circuit 
supply voltage (referred to in some cases as TTL voltage or 
as VCC) less than 5 volts. This is due primarily to the 
reduction in breakdoWn voltages betWeen adjacent struc 
tures due to the reduced distances betWeen critical structures 
in the integrated circuit. Typically, as the geometries the 
applied supply voltage for integrated circuits With geom 
etries less than 0.5 microns is approximately 3.3 volts. 

[0009] This change in the supply voltage for integrated 
circuits produced using different photolithographic pro 
cesses destroys What heretofore has been transparent to the 
integrated circuit end user. More particularly, the change 
from 1.0 micron to 0.65 micron, for eXample, Was transpar 
ent to the integrated circuit end user since the TTL voltage 
is 5 volts for either integrated circuit. HoWever, the same 
circuit fabricated in a 0.35 micron technology requires a 
reduction in the supply voltage to approximately 3.3 volts. 
Thus the change from 0.65 micron device to the same circuit 
fabricated in 0.35 micron technology requires substantial 
investment in modi?cations for the end user or system 
manufacturer Who uses the integrated circuit as a component 
in a system. Such modi?cations can include neW poWer 
supplies, additional poWer supplies to supply poWer to 
devices requiring 5 volts, additional softWare to support the 
additional supply voltages, as Well as the potential need to 
re-layout printed circuit boards (PCB), for eXample, to 
accommodate the neW and/or additional poWer supplies and 
supply voltages. 

[0010] By Way of eXample, FIG. 1 illustrates a conven 
tional printed circuit board (PCB) 100 With a 5 volt poWer 
supply 102. As part of the circuit incorporated therein, the 
PCB 100 includes a programmable logic device (PLD) 104 
and a PLD 106 each requiring an operating supply voltage 
of 5.0 volts. Each of the PLDs 104 and 106 are connected to 
a con?guration memory 108 by Way of a con?guration bit 
stream bus 110 arranged to carry a con?guration bit stream. 
The con?guration bit stream includes all con?guration data 
stored in the con?guration memory 108 required to ?t a 
desired logic and/or memory function in the PLDs 104 and 
106. Typically, the con?guration memory 108 is a serial 
memory device in that the con?guration data stored therein 
is supplied to the bus 110 in a serial fashion. The poWer 
supply 102 supplies 5 volts to a poWer supply bus 112 
connected to each of the PLDs 104 and 106. In the eXample 
shoWn, since each of the PLDs included in the PCB 100 
require 5 volts supply, the poWer supply bus 112 supplies 
both PLDs 104 and 106. 

[0011] Referring noW to FIG. 2, a conventional PCB 120 
having a PLD 122 a PLD 124 requiring a 3.3 volt poWer 
supply and a 5.0 volt poWer supply, respectively, is shoWn. 
The PCB 120 includes a con?guration memory 126 con 
nected to the PLD 122 and a PLD 124 by Way of a bus 128. 
Since the PLD 122 requires a 3.3 volt supply While the PLD 
124 requires a 5.0 volt poWer supply, tWo poWer supplies 
130 and 132 included in the PCB 120 supplies 3.3 volts and 
5.0 volts, respectively. The 3.3 volt poWer supply 130 is 
connected to PLD 122 by Way of a 3.3 volt poWer supply bus 
134 and the 5.5 volt poWer supply 132 is connected to the 
PLD 124 by Way of a 5.0 volt poWer supply bus 136. 

[0012] By requiring the use of tWo poWer supplies and tWo 
associated poWer supply busses to accommodate integrated 
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circuits (such as PLDs) having different supply voltages, 
much valuable PCB real estate is Wasted. In addition, the 
design and layout of the PCB is greatly complicated result 
ing in increased manufacturing and design costs. This addi 
tional cost reduces the incentives to upgrade customers With 
the latest technologies and results in loWer pro?ts and added 
time to market. 

[0013] In vieW of the foregoing, it Would be advantageous 
and therefore desirable to provide a con?guration memory 
used for the programming of a programmable integrated 
circuit such as a PLD With the capability of providing any 
number of suitable supply voltages. In this Way, any device 
formed using any photolithographic process can be trans 
parently interchanged Without substantial additional cost 
and use to the end user. 

SUMMARY OF THE INVENTION 

[0014] The present invention relates generally to a pro 
grammable voltage regulator used to convert a ?rst voltage 
to a desired operating voltage. The invention provides for 
more ef?cient use of integrated circuits, such as program 
mable logic devices, fabricated With advanced process tech 
nologies. 

[0015] In one aspect of the invention, a method for selec 
tively providing a desired operating voltage based upon 
operating voltage con?guration data is disclosed. An oper 
ating voltage decoder arranged to receive and decode 
selected operating voltage con?guration data is provided. A 
programmable voltage doWn converter is coupled to the 
operating voltage decoder arranged to programmably gen 
erate the desired operating voltage at an output line based 
upon the decoded operating voltage con?guration data. 

[0016] In another aspect of the invention, a system 
arranged to provide a desired operating voltage to a pro 
grammable integrated circuit connected thereto based upon 
operating voltage con?guration data is disclosed. The sys 
tem includes a memory array arranged to store program 
mable integrated circuit (PIC) con?guration data used by the 
programmable integrated circuit to ?t a desired logic func 
tion, a desired memory function, or a desired logic-memory 
function. A con?guration bit stream bus arranged to pass the 
PIC con?guration data from the con?guration memory to the 
programmable integrated circuit and a poWer supply bus 
connecting the system to the programmable integrated cir 
cuit arranged to pass the desired operating voltage to the 
programmable integrated circuit. An operating voltage con 
?guration data buffer arranged to store the operating voltage 
con?guration data connected to the memory array and an 
operating voltage decoder connected to the operating volt 
age con?guration data buffer arranged to decode the oper 
ating voltage con?guration data to form decoded operating 
voltage con?guration data. The system also includes a select 
enable line connected to the operating voltage decoder 
arranged to pass a decoder enable signal and a program 
mable voltage doWn converter (VDC) connected to the 
operating voltage decoder, the programmable VDC having a 
VDC input line connected to a ?rst voltage supply and a 
VDC output line connected to the poWer supply bus, the 
programmable VDC being arranged to receive a ?rst voltage 
at the VDC input line and programmably convert the ?rst 
voltage to the desired operating voltage at an output line 
based upon the decoded operating voltage con?guration 
data. 
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[0017] In yet another embodiment, a method of program 
mably providing a selected supply voltage to an integrated 
circuit is disclosed. Supply voltage con?guration data is 
received and decoded. A ?rst supply voltage is converted to 
the selected supply voltage based upon the decoded supply 
voltage con?guration data and the selected supply voltage is 
output to the integrated circuit. 

[0018] In still another embodiment of the invention, an 
apparatus for selectively providing a desired operating volt 
age based upon operating voltage con?guration data is 
disclosed. The apparatus includes a means for providing an 
operating voltage decoder arranged to receive and decode 
selected operating voltage con?guration data; and a means 
for coupling a programmable voltage doWn converter to the 
operating voltage decoder arranged to programmably gen 
erate the desired operating voltage at an output line based 
upon the decoded operating voltage con?guration data. 

[0019] In yet another embodiment, an apparatus for pro 
grammably providing a selected supply voltage to an inte 
grated circuit is disclosed. The apparatus includes a means 
for receiving supply voltage con?guration data, a means for 
decoding the supply voltage con?guration data, a means for 
converting a ?rst supply voltage to the selected supply 
voltage based upon the decoded supply voltage con?gura 
tion data, and a means for outputting the selected supply 
voltage to the integrated circuit. 

[0020] Other aspects and advantages of the invention Will 
become apparent from the folloWing detailed description, 
taken in conjunction With the accompanying draWings, 
illustrating by Way of eXample the principles of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The present invention is illustrated by Way of 
eXample, and not by Way of limitation, in the ?gures of the 
accompanying draWings, Wherein like reference numerals 
refer to analogous or similar elements to facilitate ease of 
understanding, and in Which: 

[0022] FIG. 1 illustrates a conventional printed circuit 
board (PCB) With a 5 volt poWer supply; 

[0023] FIG. 2 illustrates a conventional printed circuit 
board (PCB) having tWo programmable logic devices each 
requiring different supply voltages; 
[0024] FIG. 3 is a printed circuit board in accordance With 
an embodiment of the invention; 

[0025] FIG. 4 is a block diagram of a con?guration 
memory in accordance With an embodiment of the inven 

tion; 
[0026] FIG. 5 is a schematic illustration of a program 
mable voltage doWn converter in accordance With an 
embodiment of the invention; 

[0027] FIG. 6 is a schematic illustration of an implemen 
tation of a voltage doWn converter unit; and 

[0028] FIG. 7 is a ?oWchart detailing the operation of the 
programmable voltage doWn converter in accordance With 
an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] The present invention relates to a con?guration 
memory having a programmable voltage regulator. The 
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invention provides for more ef?cient use of integrated 
circuits, such as programmable logic devices, fabricated 
With advanced process technologies requiring different sup 
ply voltages. By providing the capability of transparently 
substituting integrated circuits With advanced process tech 
nologies, the cost of substituting these integrated circuits 
into established systems such as printed circuit board, for 
example, is greatly reduced. Ef?cient retro?tting is particu 
larly advantageous for applications that require large num 
bers of integrated circuits or for applications Where redesign 
of motherboards, for example, Would be prohibitively 
expensive and/or time consuming. 

[0030] While the integrated circuit can be of many types, 
the present invention is Well suited for use With a complex 
programmable logic device (CPLD) requiring a con?gura 
tion memory device to suitably couple and program various 
functional blocks included therein. Any number of func 
tional blocks Within the CPLD can be coupled and pro 
grammed to perform a desired logic and/or memory function 
by con?guration data stored Within the con?guration 
memory device. 

[0031] In the folloWing description, numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the present invention. It Will be apparent, hoW 
ever, to one skilled in the art that the present invention may 
be practiced Without some or all of these speci?c details. In 
other instances, Well knoWn structures or operations have 
not been described in detail in order to not unnecessarily 
obscure the invention. 

[0032] FIG. 3 is a printed circuit board 300 in accordance 
With an embodiment of the invention. The printed circuit 
board 300 includes a poWer supply 302, a con?guration 
memory 304, and programmable logic devices (PLD) 306 
and 308. The con?guration memory 304 includes a pro 
grammable voltage regulator 310 connected to the poWer 
supply 302. In the embodiment illustrated in FIG. 3, the 
PLDs 306 and 308 are each connected to the con?guration 
memory 304 by Way of a con?guration bit stream bus 312. 
The con?guration bit stream bus 312 is arranged to carry 
con?guration data stored in the con?guration memory 304 
that is used by the PLDs 306 and 308 to ?t any desired logic 
and/or memory function. Typically, the con?guration 
memory 304 is a serial memory device capable of supplying 
the con?guration data stored therein to the con?guration bit 
stream bus 312 in a serial fashion. In the described embodi 
ment, one con?guration memory device is shoWn Whereas 
any number of con?guration memories may be used as 
deemed appropriate. By Way of example, tWo or more 
con?guration memory devices may be cascaded in order to 
store appropriate con?guration data of suf?cient quantity for 
any number of programmable logic devices connected 
thereto. 

[0033] The printed circuit board 300 also includes a poWer 
supply bus 314 connecting each of the PLDs 306 and 308 to 
the programmable voltage regulator 310 and a select enable 
line 316 used to carry enable signals to the programmable 
voltage regulator 310. During operation, the poWer supply 
bus 314 carries as many supply voltages as may be generated 
by the programmable voltage regulator 310 to each of the 
programmable integrated circuits, such as PLD 306 and 308, 
included in the PCB 300. It should be noted that program 
mable logic devices are only one type of programmable 
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integrated circuit that may be used in the printed circuit 
board 300. It should also be noted, that the programmable 
voltage regulator 310 is not limited in use to only those 
programmable type integrated circuits requiring a con?gu 
ration memory device such as con?guration memory 304. 

[0034] Proper operation of the PCB 300 requires that the 
PLDs 306 and 308 be con?gured to perform their respective 
logic and/or logic-memory functions. In some cases, the 
PLDs 306 and 308 can be recon?gured “on the ?y” such that 
each or both can be con?gured to perform their respective 
functions as needed. In other cases, each or both of the PLDs 
306 and 308 can be con?gured for a one time only appli 
cation in Which case, the con?guration memory 304 is used 
only once. 

[0035] Typically, the con?guration data used by the PLDs 
306 and 308 in ?tting the desired logic and/or logic-memory 
functions are stored in the con?guration memory 304. In one 
embodiment, the con?guration memory 304 is a non-volatile 
memory such as an EPROM useful in permanently storing 
con?guration data. Typically, non-volatile memory devices 
(such as an EPROM) is used for applications that require 
dedicated functions. Such dedicated function type printed 
circuit boards can be found, for example, in printers, 
modems, and the like. In another embodiment, the con?gu 
ration memory 304 is a volatile memory type device capable 
of being repeatedly updated With neW con?guration data. 
Such volatile memory devices include but are not limited to 
EEPROMs (electrically erasable EPROM) as Well as 
SRAMs. 

[0036] In one embodiment, the con?guration data 
included in the con?guration memory 304 includes supply 
voltage con?guration data used by the programmable volt 
age regulator 310 to generate appropriate supply voltages. 
Once generated, these supply voltages are passed to the 
poWer supply bus 314. The poWer supply bus 314 in turn, 
connected to each of the integrated circuits, such as PLD 306 
and 308, included in the PCB 300. By Way of example, using 
appropriate supply voltage con?guration data appropriate to 
PLD 306 and PLD 308, the programmable voltage regulator 
310 supplies PLD 306 With a supply voltage of 3.3 volts, for 
example, and the PLD 308 With a supply voltage of 5.0 volt 
by Way of the poWer supply bus 314. In this Way, the PCB 
300 is capable of accommodating any number of integrated 
circuits, such as PLDs, requiring different supply voltages 
Without extensive reWiring or circuit board redesign. In 
addition, since the programmable voltage regulator 310 is 
programmable in nature, the supply voltages can be changed 
as required by the application for Which the PCB 300 is 
being used. 
[0037] FIG. 4 is a block diagram of a con?guration 
memory 400 in accordance With an embodiment of the 
invention. It should be noted that the con?guration memory 
400 is but one implementation of the con?guration memory 
304 shoWn in FIG. 3. Accordingly, the con?guration 
memory 400 Will be described With reference to components 
heretofore described in FIG. 3. The con?guration memory 
400 includes a con?guration memory array 402 and a 
programmable voltage regulator 404. It should be noted that 
the programmable voltage regulator 404 is one embodiment 
of the programmable voltage regulator 310 shoWn in FIG. 

[0038] The con?guration memory array 402 is arranged to 
store con?guration data used by programmable type inte 
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grated circuits connected thereto. The programmable volt 
age regulator 404 includes a supply voltage decoder 406 
connected to a programmable voltage doWn converter 408. 

[0039] The con?guration memory 400 also includes a 
supply voltage con?guration data buffer 410 arranged to 
store supply voltage con?guration data. In one embodiment 
of the invention, the supply voltage con?guration data takes 
the form of data Words each being associated With a par 
ticular integrated circuit such as a programmable logic 
device connected to the con?guration memory 400. The 
supply voltage con?guration data stored in the supply volt 
age con?guration data buffer 410 can be used by the 
programmable voltage regulator 404 to supply a speci?c 
supply voltage to a particular programmable logic device 
connected to the con?guration memory 400. In this Way, the 
con?guration memory 400 is capable of supplying as many 
different supply voltages as may be required. 

[0040] Typically, the supply voltage con?guration data is 
stored in the supply voltage con?guration data buffer 410 
prior to the start of the programmable logic device con?gu 
ration procedure. HoWever, one skilled in the art can readily 
appreciate the fact that the con?guration data can be sup 
plied to the supply voltage con?guration data buffer 410 at 
any appropriate time prior to or during the actual con?gu 
ration procedure. Applications that Would ?nd this capability 
of particular value include recon?gurable computers. 

[0041] In one implementation of the invention, the supply 
voltage con?guration data buffer 410 is formed by allocating 
a portion of the con?guration memory array 402 not used to 
store con?guration data. Supply voltage con?guration data 
can then be received from an external source and stored in 
the supply voltage con?guration data buffer 410 using, for 
example, softWare control. In this Way, the supply voltage 
con?guration data can be dynamically allocated in the 
con?guration memory array 402 as needed. This arrange 
ment is useful in applications Where the number of program 
mable logic devices being con?gured by the con?guration 
memory 400 is not static. Such applications include, but are 
not limited to, recon?gurable computing applications Which 
typically utiliZe a number of different programmable logic 
devices each of Which may require different supply voltages. 

[0042] In another implementation of the invention, the 
supply voltage con?guration data buffer 410 can be a 
separate data register coupled to an input line (not shoWn) 
arranged to carry supply voltage con?guration data from an 
external source. By using a separate data register to store 
con?guration data, the con?guration memory array 402 can 
be a dedicated memory array for storing con?guration data 
only, for example. 

[0043] Still referring to FIG. 4, the supply voltage con 
?guration buffer 410 is connected to the supply voltage 
decoder 406 by Way of a supply voltage con?guration data 
bus 412. The supply voltage con?guration data bus 412 is 
arranged to carry supply voltage con?guration data to the 
supply voltage decoder 406. In the described embodiment, 
the supply voltage con?guration data is stored in and sup 
plied by the supply voltage con?guration data buffer 410. In 
a preferred embodiment of the invention, the supply voltage 
decoder 406 is connected to the programmable voltage doWn 
converter 408 by a selector bus 414 arranged to carry 
decoded supply voltage select data Words. Such decoded 
supply voltage select Words are those supply voltage con 
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?guration data Words decoded by the supply voltage decoder 
406 and passed to the programmable voltage doWn converter 
408. 

[0044] In a preferred embodiment of the invention, the 
programmable voltage doWn converter 408 is connected to 
the board poWer supply bus 416 While the board poWer 
supply bus 416 is connected to an external poWer supply that 
supplies a single voltage referred to as VCCext. Typically, 
VCCext is 5.0 volts but can in fact be any reference voltage 
deemed appropriate. Using the decoded supply voltage 
select data Words decoded by the supply voltage decoder 
406, the programmable voltage doWn converter 408 pro 
vides a speci?c supply voltage VCCint to a particular 
programmable logic device by Way of a poWer supply bus 
418. In this Way, a single poWer supply connected to board 
poWer supply bus 416 can be used to provide all integrated 
circuits, including programmable logic devices, connected 
to the con?guration memory 400 and poWer supply bus 418 
With their respective supply voltages. 
[0045] FIG. 5 is a schematic illustration of programmable 
voltage regulator 500 in accordance With an embodiment of 
the invention. It should be noted that the programmable 
voltage regulator 500 is one embodiment of the program 
mable voltage regulator 404 shoWn in FIG. 4. The program 
mable voltage regulator 500 includes a supply voltage 
decoder 502 and a programmable voltage doWn converter 
504 having poWer pins 506a through 506d. In a preferred 
embodiment of the invention, the supply voltage decoder 
502 includes decoders 510a through 510d. The decoders 
510a through 510d are each connected to a selector unit 508 
included in the programmable voltage doWn converter 504. 
In one implementation of the invention, signal lines 512a 
through 512d are included in the selector bus 404 and 
provide signal paths betWeen the decoders 510a through 
510a' and the selector 508, respectively. In the described 
embodiment, the select enable line 316 connected to decod 
ers 510a through 510d is arranged to supply a decoder 
enable signal to each of the decoder units connected thereto. 

[0046] In a preferred embodiment of the invention, the 
programmable voltage doWn converter 504 includes voltage 
doWn converters VCD1 through VCD4 each having the 
board poWer supply bus 416 connected to input lines 514a 
through 514d, respectively. The voltage doWn converters 
VCD1 through VCD4 are each arranged to use the received 
external supply voltage VCCext to generate and output a 
predetermined internal poWer supply voltage VCCint1 
through VCCint4 to output lines 516a through 516d, respec 
tively. 
[0047] The output lines 516a through 516d in turn form 
inputs to the selector unit 508. The selector unit 508 is 
arranged to use the decoded select Words generated by the 
decoders 510a through 510d to couple particular ones of the 
selector unit input lines 514a through 514d to selected ones 
of the poWer pins 506a through 506d. 

[0048] In a preferred embodiment of the invention, each of 
the poWer pins 506a through 506d is included in the poWer 
supply bus 418 and is connected to a particular program 
mable logic device included in the PCB 300. In this Way, the 
programmable voltage regulator 500 can supply any com 
bination of any preselected supply voltages VCCint to any 
integrated circuit connected to the poWer supply bus 418. 

[0049] In one embodiment of the invention, the supply 
voltage con?guration buffer 410 includes data registers 
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PLDl-PLD4 used to store supply voltage con?guration data 
associated With each of programmable logic devices PLDl 
PLD4 (not shoWn) connected to the con?guration memory 
400. The data registers PLDl-PLD4 communicate With the 
decoders 510a through 510d by Way of input lines 518a 
through 518d, respectively, included in the bus 412. During 
operation, each of the data registers PLDl- PLD4 that 
contains supply voltage con?guration data uses its respec 
tive input line to communicate With its respect decoder. Only 
When supplied With a decoder enable signal, the enabled 
ones of decoders 510a through 510d generate an associated 
decoded select Word based upon supply voltage con?gura 
tion data received from data registers PLDl- PLD4. The 
decoded select Words are then passed by the signal lines 
510a through 510d to the selector unit 508. 

[0050] In one embodiment of the invention, the selector 
unit 508 can be an N><M cross bar sWitch, for example, 
capable of programmably connecting any of N inputs to any 
of M outputs. The selector unit 508 then uses the received 
decoded select Words to couple any of the input lines 516a 
516a' to any poWer pins 506a through 506d. As described 
above, each of the input lines 516a- 516a' is connected to a 
particular voltage doWn converter VCD generating a prede 
termined VCCint. 

[0051] If desired, the contents of the data registers PLDl 
PLD4 can be updated as needed at Which time the above 
described procedure can be repeated as many times as may 
be required. In addition, any number of voltage doWn 
converters can be included in the programmable voltage 
regulator 500 consistent With a desired range of supply 
voltages. 

[0052] FIG. 6 is a voltage doWn converter circuit 600 in 
accordance With one embodiment of the invention. The 
voltage doWn converter 600 is also described in Patel et al 
US. patent application Ser. No. 08/863,876 ?led May 27, 
1997 and incorporated by reference in its entirety. The 
voltage doWn converter circuit 600 converts VCCext into 
VCCint used by the internal circuitry of integrated circuits. 
The voltage doWn converter 600 includes a transistor 602 
coupled betWeen VCCext and VCCint. VCCint is in turn 
coupled to an inverting ampli?er 604 Which in turn is 
connected to a control node 606 of the transistor 602. Node 
606 is clamped to VCCext using tWo diode connected 
transistors 608 and 610. It should be noted that transistors 
608 and 610 can be substituted With diodes or other similar 
voltage clamping devices. Transistors 608 and 610 operate 
to maintain node 606 Within about tWo threshold voltages 
(VTN) of VCCext. In this case, When for example VCCext 
is approximately 5.0 volts, the voltage level at node 606 is 
about 3.4 volts Which is relatively close to a desired VCCint 
of 3.3 volts, for example, alloWing for faster response time 
for the inverting ampli?er 604 to adjust for ?uctuations in 
the voltages. 

[0053] It should be noted that depending upon the tech 
nology that determines the voltage drop per voltage clamp, 
and the design criteria, there may be more or feWer than tWo 
voltage clamps used. By Way of example, if a loWer value of 
VCCint is desired, the voltage doWn converter 600 can 
include voltage clamps in addition to those shoWn in FIG. 
6. In a similar manner, if a higher VCCint is desired, then 
feWer voltage clamps, or voltage clamps having different 
voltage drops can be used. 
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[0054] FIG. 7 is a ?oWchart detailing the use of program 
mable voltage regulator 600 in accordance With an embodi 
ment of the invention. The programmable voltage regulator 
600 generates supply voltages VCCint for integrated circuits 
connected to a con?guration memory. The con?guration 
memory includes a con?guration memory array arranged to 
store con?guration data as Well as a supply voltage con?gu 
ration data buffer used to store supply voltage con?guration 
data associated With each integrated circuit connected to the 
con?guration memory. 

[0055] The supply voltage con?guration data is stored in 
the supply voltage con?guration data buffer 702. The supply 
voltage con?guration data is then decoded by decoder units 
to form decoded select Words 704. The decoded select Words 
are then used by a selector unit to connect voltage doWn 
converters to selected poWer pins 706. The poWer pins in 
turn supply appropriate supply voltages to selected inte 
grated circuits in accordance With the supply voltage con 
?guration data 708. 

[0056] The invention has numerous advantages. One 
advantage of the invention is that an integrated circuit 
manufacturer is able to substitute integrated circuits pro 
cessed using advanced technologies Without additional time 
and expense of retro?tting to existing systems. As a result, 
the integrated circuit manufacturer is able to reduce costs 
Without forcing end users to undergo expensive and time 
consuming retro?ts thereby encouraging the use of advanced 
process technologies. Another advantage relates to the capa 
bility of the invention to provide any number of different 
supply voltages as needed to any number of integrated 
circuits. As a result, the invention alloWs for simpli?ed 
design and layout of circuit boards used in such applications 
as recon?gurable computing. This simpli?cation substan 
tially increases the ?exibility in design and layout for 
systems requiring CPLDs having different supply voltage 
requirements. 

[0057] Although the foregoing invention has been 
described in some detail for purposes of clarity of under 
standing, it Will be apparent that certain changes and modi 
?cations may be practiced Within the scope of the appended 
claims. It should be noted that there are alternative Ways of 
implementing the present invention. It is therefore intended 
that the folloWing appended claims be interpreted as includ 
ing all such alterations, permutations, and equivalents as fall 
Within the spirit and scope of the present invention. 

What is claimed is: 

1. A method for selectively providing a desired operating 
voltage based upon operating voltage con?guration data, 
comprising: 

providing an operating voltage decoder arranged to 
receive and decode selected operating voltage con?gu 
ration data; and 

coupling a programmable voltage doWn converter to the 
operating voltage decoder arranged to programmably 
generate the desired operating voltage at an output line 
based upon the decoded operating voltage con?gura 
tion data. 
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2. A method as recited in claim 1, further comprising: 

forming the programmable voltage doWn converter by, 

providing a ?rst voltage doWn converter (VDC) circuit 
arranged to convert the ?rst voltage received at a ?rst 
VDC input line to a ?rst operating voltage at a ?rst 
VDC output line; 

providing a second voltage doWn converter (VDC) 
circuit arranged to convert the ?rst voltage received 
at a second VDC input line to a second operating 
voltage at a second VDC output line; 

coupling a selector to the ?rst VDC circuit and the 
second VDC circuit having a selector ?rst input line, 
a selector second input line, a selector ?rst output 
line, and a selector second output line arranged to 
electrically couple the selector ?rst input line and the 
selector second input line to selected ones of a group 
comprising: the selector ?rst output line and the 
selector second output line based upon the decoded 
operating voltage con?guration data; 

connecting the selector ?rst input line to the ?rst VDC 
output line; and 

connecting the selector second input line to the second 
VDC output line. 

3. A method as recited in claim 2, further comprising: 

connecting the coupled selector ?rst output line and the 
coupled selector second output line to a ?rst poWer line 
and a second power line, respectively. 

4. A method as recited as recited in claim 3, further 
comprising: forming the operating voltage decoder by, 

connecting a decoder unit to the data bus arranged to 
decode the operating voltage con?guration data to form 
a decoded operating voltage con?guration data Word; 
and 

connecting a select enable line to the decoder unit 
arranged to provide a decoder select signal used to 
enable the decoder unit. 

5. A method as recited in claim 4, further comprising: 

forming the voltage doWn converter circuit by, 

coupling a conversion transistor betWeen a VCCeXt volt 
age supply and a VCCint voltage supply; and 

coupling an ampli?er arranged to receive the VCCint 
voltage supply and feedback a control signal to the 
conversion transistor, thereby regulating an output of 
the conversion transistor. 

6. A method as recited in claim 1, further comprising: 

forming a con?guration memory arranged to provide the 
desired operating voltage to a programmable integrated 
circuit connected thereto based upon the operating 
voltage con?guration data by, 

connecting an operating voltage con?guration data 
buffer arranged to store the operating voltage con 
?guration data to the programmable voltage-doWn 
converter; and 

connecting a select enable line to the programmable 
voltage-doWn converter arranged to provide an 
enable signal. 
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7. A system arranged to provide a desired operating 
voltage to a programmable integrated circuit connected 
thereto based upon operating voltage con?guration data, 
comprising: 

a memory array arranged to store programmable inte 
grated circuit (PIC) con?guration data used by the 
programmable integrated circuit to ?t a desired logic 
function, a desired memory function, or a desired 
logic-memory function, 

a con?guration bit stream bus arranged to pass the PIC 
con?guration data from the con?guration memory to 
the programmable integrated circuit 

a poWer supply bus connecting the system to the pro 
grammable integrated circuit arranged to pass the 
desired operating voltage to the programmable inte 
grated circuit; 

an operating voltage con?guration data buffer arranged to 
store the operating voltage con?guration data con 
nected to the memory array; 

an operating voltage decoder connected to the operating 
voltage con?guration data buffer arranged to decode 
the operating voltage con?guration data to form 
decoded operating voltage con?guration data; 

a select enable line connected to the operating voltage 
decoder arranged to pass a decoder enable signal; and 

a programmable voltage doWn converter (VDC) con 
nected to the operating voltage decoder, the program 
mable VDC having a VDC input line connected to a 
?rst voltage supply and a VDC output line connected to 
the poWer supply bus, the programmable VDC being 
arranged to receive a ?rst voltage at the VDC input line 
and programmably convert the ?rst voltage to the 
desired operating voltage at an output line based upon 
the decoded operating voltage con?guration data. 

8. A system as recited in claim 7, Wherein the program 
mable voltage doWn converter includes: 

a conversion transistor coupled betWeen a VCCeXt volt 
age supply and a VCCint voltage supply; and 

an ampli?er coupled to receive the VCCint voltage supply 
and feedback a control signal to the conversion tran 
sistor, thereby regulating an output of the conversion 
transistor. 

9. A system as recited in claim 7 Wherein the program 
mable integrated circuit is a programmable logic device. 

10. A system as recited in claim 7, Wherein the memory 
array is a non-volatile memory array. 

11. A system as recited in claim 7, Wherein the memory 
array is a volatile memory array. 

12. A method of programmably providing a selected 
supply voltage to an integrated circuit, comprising: 

receiving supply voltage con?guration data; 

decoding the supply voltage con?guration data; 

converting a ?rst supply voltage to the selected supply 
voltage based upon the decoded supply voltage con 
?guration data; and 

outputting the selected supply voltage to the integrated 
circuit. 
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13. Amethod as recited in claim 12, wherein the convert 
ing comprises: 

receiving the ?rst supply voltage at a conversion transis 
tor; and 

regulating an output of the conversion transistor by an 
ampli?er. 

14. An apparatus for selectively providing a desired 
operating voltage based upon operating voltage con?gura 
tion data, comprising: 

a means for providing an operating voltage decoder 
arranged to receive and decode selected operating 
voltage con?guration data; and 

a means for coupling a programmable voltage doWn 
converter to the operating voltage decoder arranged to 
programmably generate the desired operating voltage 
at an output line based upon the decoded operating 
voltage con?guration data. 

15. An apparatus as recited in claim 14, further compris 
mg: 

a means for providing a ?rst voltage doWn converter 
(VDC) circuit arranged to convert the ?rst voltage 
received at a ?rst VDC input line to a ?rst operating 
voltage at a ?rst VDC output line; 

a means for providing a second voltage doWn converter 
(VDC) circuit arranged to convert the ?rst voltage 
received at a second VDC input line to a second 
operating voltage at a second VDC output line; 

a means for coupling a selector to the ?rst VDC circuit 
and the second VDC circuit having a selector ?rst input 
line, a selector second input line, a selector ?rst output 
line, and a selector second output line arranged to 
electrically couple the selector ?rst input line and the 
selector second input line to selected ones of a group 
comprising: the selector ?rst output line and the selec 
tor second output line based upon the decoded operat 
ing voltage con?guration data; 

a means for connecting the selector ?rst input line to the 
?rst VDC output line; and 

a means for connecting the selector second input line to 
the second VDC output line. 

16. An apparatus as recited in claim 15, further compris 
ing: 
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a means for connecting the coupled selector ?rst output 
line and the coupled selector second output line to a 
?rst poWer line and a second poWer line, respectively. 

17. An apparatus as recited as recited in claim 16, further 
comprising: 

a means for connecting a decoder unit to the data bus 
arranged to decode the operating voltage con?guration 
data to form a decoded operating voltage con?guration 
data Word; and 

a means for connecting a select enable line to the decoder 
unit arranged to provide a decoder select signal used to 
enable the decoder unit. 

18. An apparatus as recited in claim 17, further compris 
mg: 

a means for coupling a conversion transistor betWeen a 
VCCeXt voltage supply and a VCCint voltage supply; 
and 

a means for coupling an ampli?er arranged to receive the 
VCCint voltage supply and feedback a control signal to 
the conversion transistor, thereby regulating an output 
of the conversion transistor. 

19. An apparatus for programmably providing a selected 
supply voltage to an integrated circuit, comprising: 

a means for receiving supply voltage con?guration data; 

a means for decoding the supply voltage con?guration 
data; 

a means for converting a ?rst supply voltage to the 
selected supply voltage based upon the decoded supply 
voltage con?guration data; and 

a means for outputting the selected supply voltage to the 
integrated circuit. 

20. An apparatus as recited in claim 19, further compris 
ing: 

means for receiving the ?rst supply voltage at a conver 
sion transistor; and 

means for regulating an output of the conversion transis 
tor by an ampli?er. 


