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second power supply input will allow the programmable logic device to perform fast
program and erase operations, while a voltage equal in value to the system supply
voltage applied to this input will allow slower program operations. Typically, the 12V
supply is used to program the programmable logic device during production, thereby
improving production throughput and minimizing production equipment costs. For
typical in-system operations, 3.3V or 5V system supply voltage is applied to the second
power supply input. In order to allow for fast programming during production and
programming during normal in-system operation, a computer system manufacturer
must implement system level circuitry to allow 12V to be applied to the second power
supply input during production and to cause the system supply voltage to be applied to
the second power supply input during computer system operation. The system level
circuitry may also include circuitry to provide a write-protection function by connecting
the second power supply input to ground, thereby disallowing any write operations.
Figure 1 shows a typical arrangement for a prior art programmabie logic device
110 in a computer system. The programmable logic device 110 includes a system
supply voltage input (VCC) 120 and a program and erase voltage input (VPP) 130. For
this arrangement, VCC 120 is connected to VPP 130. VCC 120 and VPP 130 each
receive a system supply voltage 140, which is typically 5V, although 3.3V is also

typical. This implementation does not allow for fast programming, since no 12V



nmust i nplement systemlevel circuitry to allow 12V to be applied to the
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VPP 130, VPP 130 is left floating and is tied to ground the resistor 252. This
implementation has the disadvantage of not allowing in-system program and erase
operations, since there is no provision for providing the system supply voltage 140 to
VPP 130.

Figure 3 illustrates an arrangement for a prior art programmable logic device
110 that allows for write protection, fast production prbgram‘ and erase operations, and
in-system program and erase operations. For this arrangement, a supply voltage 140,
typically 5V or 3.3V, is provided to VCC 120 and to a transistor 370. A system logic
360 is provided to enable transistor 370 when in-system program and erase operations
are desired. When the transistor 370 is enabled, the system supply voltage 140 is
delivered to VPP 130, thus enabling in-system program and erase operations. When the
transistor 370 is not enabled, VPP 130 is normally tied to ground through resistor 252,
thereby providing write protection by disabling programming and erase operations.
With the transistor 370 disabled, it is also possible to apply a program and erase voltage
250 to VPP 130 during production, thereby enabling fast production program and erase
operations. While this arrangement allows for fast production program and erase
operations, in-system program and erase operations, and write protection, these features
are available only at the extra cost of providing the system logic 360 the transistor 370,
and the resistor 252.

SUMMARY OF THE INVENTION

A programmable logic device is disclosed. The programmable logic device

includes a first voltaée input and a first detection circuit coupled to the first voltage
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ground through a resistor 252. This inplenentation allows for fast
production progranmm ng since VPP 130 receives 12V. This inplenentation al so
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i's not being wipidogd to VPP 130, VPP 130 is left floating gdsysesedsred to
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al  owi ng in-system program and erase operations, since there is no
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Figure 1 shows a typical system implementation of a prior art programmablc

logic device.

Figure 2 depicts an additional typical%ystem impiementation of a prior art
programmable logic device.

Figure 3 shows an additional typical system implementation of a prior art
programmable logic device including system logic.

Figure 4 illustrates a block diagram of one embodiment of a programmable
logic device.

Figure 5 shows a diagram of one embodiment of detection and configuration
circuits included in a programmable logic device.

Figure 6 depicts a programmable logic device connected to a supply voltage and
a write protect logic signal. '

Figure 7 illustrates a programmable logic device connected to a supply voltage
and a program and erase voltage.

Figure 8 is a flow diagram of a method for automatically configuring a first

voltage input and a second voltage input of a programmable logic device.

DETAILED DESCRIPTION



3 input. The first detection circuit detects whether a voltage applied to
the first voltage input exceeds a first predeternined value. The
programuabl e | ogi ¢ device also includes a first configuration circuit
coupled to the first detection circuit. The first configur 'H_lg uit
configures t H@PFYGF ammabl e 1 ogic device to receive a currg g’ﬁg’?? i ent
for program and erase operations through the first voltage input in
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of a progra évi ce,
system level loglc circuitry. An additional intended advantage of one embodiment is

providing complete program and erase protection through a simple logic signal input.

Figure 4 is a block diagram of one embodiment of a programmable logic device
405. The programmablé logic device 405 for this embodiment is a flash type non-
volatile memory device, but other embodiments are possible using any programmable
logic device that includes a voltage input for program and erase operations and a
separate voltage input for other device operations. The term “programmable logic
device” as used herein is meant to include a broad range of programmable electrical
devices, including, but not limited to, flash and other non-volatile memory devices.
The programmable logic device 405 includes a program and erase voltage input (VPP)
410 and a system supply voltage input (VCC) 420. VCC 420 preferably receives a
voltage of approximately 5V, although alternative embodiments have a VCC 420 that
receives a range of voltages, including, but not limited to, 3.3V. Other embodiments
may have a VCC 420 that receives approximately 1.8V. During device operation, VPP
410 may receive 0V, a voltage equal to VCC, or a higher voltage for fast programming.
The higher voltage for fast programming is preferably 12V, although alternative
embodiments use other voltages.

The programmable logic device 405 further includes a high voltage detect
circuit 440, a low voltage detect circuit 450, a gate control configuration circuit 430,
and a drain control configuration circuit 460. The gate control configuration circuit 430
outputs a gate control signal 470, while the drain control configuration circuit 460
outputs a drain control signal 480. The gate control signal 470 provides the voltage
necessary for program and erase operations to the gates of the transistors (not shown)

that make up the programmable logic device’s memory cells (also not shown). The
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Figure 5 shows a di agram of one enbodi nent of detection and configuration

circuits included in a programmabl e | ogic device. Figure 6 depicts a
programabl e | ogi c device connected to a supply voltage and a wite protect
| ogi ¢ signal.wgpogsepsy Figure 7 illustrates a progranmmabl e | Qa.lrﬁ]sgﬁ%iﬁe

connected to a supply voltage and a program and erase vol tage.
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other levels are possxble The high voltage detect circuit 440 is coupled to the gate
control configuration circuit 430, and the high voltage detect circuit 440 communicates
the results of the determination to the gate control configuration circuit 430. If the high
voltage detect circuit 440 determines that the voltage applied to the VPP input 410
exceeds 8V, then the gate control configuration circuit 430 allows the voltage applied to
the VPP input 410 to pass through to the gate control signal 470. The high voltage
detect circuit 440 is further coupled to the drain controi configuration circuit 460, and
the high voltage detect circuit 440 communicates the results of the detertnination to the
drain control configuration circuit 460. If the high voltage detect circuit 440 determines
that the voltage applied to the VPP input 410 exceeds 8V, then the drain control
configuration circuit 430 allows the voltage passed through to the gate control signal
470 to pass through to the drain control signal 470.

The low voltage detect circuit 450 also receives the VPP input 410 and
determines whether the voltage applied to the VPP input 410 is less than a
predetermined level. The predetermined level is preferably 1V, although other levels
are possible. The low voltage detect circuit 450 is coupled to both the gate control
configuration circuit 430 and the drain control configuration circuit 460, and
communicates the results of the determination to each of configuration circuits 430 and
460. If the low voltage detect circuit 450 determines that the voltage applied to the
VPP input 410 is less than 1V, then the gate control configuration circuit 430 and the
drain contro] configuration circuit 460 each prevent the voltage applied to the VPP
input 410 and a voltage applied to the VCC input 420 from passing through to the gate
control signal 470 and the drain control signal 480. Therefore, a logically low signal
delivered to the VPP input 410 prevents program and erase operations, thereby
providing complete write protection for the programmable logic device 405.



progranm ng and i n-system program and erase operations without the extra
cost of systemlevel logic circuitry. An additional intended advant age of
one enbodi nent is providing conplete program and erase protection through a
simpl e 1 ogic_signal input. Figure 4 is a bl ock diagram of one
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410. A 3Me resistor 502 and a 1M resistor 504 form a voltage divider circuit that

divides the voltage received at the VPP input 410 by 4. Although specific values for

resistors 502 and 504 are disclosed, the voltage divider circuit may be implemented

using other resistor values or any other techniques or devices for dividing a voltage.

The output of the voltage divider circuit formed by the resistors 502 and 504 is
received by a comparator circuit 505. The comparator circuit 505 compares the output
of the voltage divider circuit formed by the resistors 502 and 504 with a 2V reference
voltage 532. Since the voltage divider formed by resistors 502 and 504 divides the
voltage applied to the VPP input 410 by 4, the comparator circuit 505 can determine
whether the voltage applied to the VPP input 410 is greater than 8V. For example, if
the voltage applied to the VPP input 410 is 12V, the voltage divider formed by resistors
502 and 504 would deliver a voltage of 3V to the comparator circuit 505. Since 3V
exceeds the 2V reference voltage 532, the comparator circuit 505 will assert a signal
VPPHi 515 which indicates that a voltage exceeding 8V is applied to the VPP input
410. If the voltage applied to the VPP input 410 is less than 8V, the comparator will
deassert the VPPHi signal 515. '
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5 drain control signal 480 provides the voltage necessary for program and
erase operations to the drains of the transistors that nake up the
programabl e | ogi ¢ device's nmenory cells. The hi gh vol tage detect
circuit 440 npeeddéess the VPP input 410 and determ nes whet perwsvoneahi age
applied to the VPP input 410 exceeds a predeterm ned voltage |evel. For

i npl enent ati ons mhere t he hlgher vol ta for fast production progranmng is
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I's coupled t ?als%?x%pshgxgg) %3t GrafiCihird lsignal 480 provides the voltage necessary for
program and erase operations to the drains of the transistors that make up the
programmable logic device’s memory cells.

When the VPPHi signal 515 is deasserted, indicating that the voltage applied to
the VPP input 410 is less than 8V, and the VPPLo signal 510 is also deasserted,
indicating that the voltage applied to the VPP input 410 is greater than 1V, a NOR gate
525, which receives both the VPPHi signal 515 and the VPPLo signal 510, will assert a
VPP=VCC signal 520. The assertion of the VPP=VCC signal 520 indicates that the
voltage applied to the VPP input 410 is approximately equal to the voltage applied to a
VCC input 420.

The VCC input 420 supplies the voltage necessary for read operations and also
provides power for a fow current charge pump 560 and a high current charge pump 570.
When the voltage applied to the VPP input 410 is less than 12V and greater than 1V,
the voltage for program and erase operations is provided by the VCC input 410. The
low current charge pump 560 provides the current necessary for program and erase
operations to the gates of the transistors (not shown) that make up the programmable
logic device’s memory cells (also not shown). The gate current is delivered via the gate
control signal 470 when a transistor 564 is enabled. The high current charge pump 570

provides the current necessary for program and erase operations to the drains of the



configuration circuit 430 and the drain control configuration circuit 460,
and comruni cates the results of the determi nation to each of configuration

circuits 430 and 460. If the | ow voltage detect circuit 450 determ nes that
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described above in connection with Fxgures 4 and S. When the write protect signal 660

is at a logically high voltage level (but lower than 8V), the programmable logic device

405 receives the power necessary for program and erase operations through the VCC

input 420, also described above in connection with Figures 4 and 5. Thus, it can be

seen that complete write protection is provided via a simple logic signal and also in-

system program and erase is provided without external circuitry.

Figure 7 illustrates a programmable logic device 405 as described above in

connection with Figures 4 and 5. The programmable logic device 40S includes a VCC

input 420 and a VPP input 410. The VCC input 420 is connected to a supply voltage

640. The supply voltage 640 is preferably 5V, although other voltages are possible,

including 3.3V. Other embodiments may use a supply voltage of approximately 1.8V.

The VPP input 410 is connected to a programming and erase voltage line 750. The

programming and erase voltage 750 is preferably 12V, but other voltages are possible.

A resistor 752 is coupled between the supply voltage 640 and the program and erase

voltage 750. During production, 12V may be applied to the VPP input 410 via the

program and erase voltage line 750. This enables the programmable logic device 405

to perform fast program and erase operations. When the programmable logic device

405 is used during in-system operation, no program and erase current is delivered via

the program and erase voltage line 750. During in-system operation, the VPP input 410

receives the supply voltage 640 through the resistor 752. The value of the resistor 752

should preferably be one that will minimize the voltage drop across the resistor 752.



vol tage applied to the VCC i nput 420 and provi de appropriate vol tage and
current |levels for program and erase operations. Figure 5 shows a
di agram of detection and configuration circuits included in a programable
| ogi ¢ device. gramof Figure 5is a nore detailed Vi

circuits di scus?gdﬂgﬁove wWith respect to Figure 4. A vol taggplwg‘;%%ggl ved at
a VPP input 410. A 3Mresistor 502 and a 1Merr] resistor 504 forma

vol tage divider circuit that,:.divides tH voltage.geceived at the VPP input
410 by 4. A Pﬁ?ﬁywh%welwpk&agvaﬂleﬁéshmwmésregtwhm B0 Zhegprogriifmalie lngidi scl osed,
the vol tage diwéefill usd theéWiita %&@s lidfo Cuot F E,gg{.gm% ' tOf Va' ues
or any ot her techni ques or ées fHOEIWdIV gf%gy%"?/ %é

out put of thEB¥PeEREeNsd Therefere, e pmbedimens of Biguigy pmveies@sumdupwsoz and 504

is received BygmnfMAPHIM-Ysiehl frogtih 1S 505
conpar es thegout putﬁ@ stfo I{raég*e ﬂi ﬁg}ﬁgﬂa‘?@gﬁﬁﬁﬁ%ﬂg%@%ﬁe resistors
502 and 504 Wsisfer W?Wé‘ﬁé‘é%ol tage 532. Since the voltage divider

formed by resi st oFigure8% AW dfigtardoFd .t he VPP
i nput 410 by 4, thlgmcorrparat or cwcuf?ﬁté%%?g‘gﬁhgg?@r %dﬂa/get er the

vol tage appl PE@h; 9ltagsdnnpbmd;apecond supply Vé’l%am%ﬂfﬂmmblﬁ&gwekml e, if
the vol tage apgbpssdo s SZbGaAéPéﬁnjnﬁﬁBﬂxsﬂéé’ew&tﬂe?%roﬁ ?@gﬁbﬁ&i @Qesuﬂi ! der formed

by resistors %02 and 504 woul d de]iver a voltage o he “conpar at or

circuit 505. VOaEe Ipuhexeerdsantedeterained valys; Step i3 lﬂﬂéﬂalemjé‘ ibthe S“HPFYE conpar at or

circuit 505 %ﬂabe&&:SﬂEthe redbt@iihed WRIBES thé lilpeld iS BiBRdtd) vol tage
exceeding 8V is ap ? the VPP i nputé’ggrg‘%ﬁ%e m lvo | t age ?Bd |ted to the

VPP i nput 418 ‘i“§°“ é“ﬁ"ﬁé’ﬁ!”%‘"“t% eagmApsTatensy Kihe Y°1'a§ad§§%¥<tt exqsed PP

signal 515. predetermined value, the supply voltage input is not enabled to conduct the current

necessary for program and erase operations.

In the foregoing specification the invention has been described with reference to
specific exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader
spirit and scope of the invention as set forth in the appended claims. The specification

and drawings are, accordingly, to be regarded in an illustrative rather than a restrictive
sense.



The conparator circuit 507 conpares the voltage applied to the VPP input
410 with a 1V reference voltage. |If the voltage applied to the VPP input
410 is less than 1V, the conparator circuit 507 will assert a signal VPPLO
510 indicating that a voltage Iess than 1V is applied to the VPP i nput 410.
The conpar at&a”l?(s?@&lt 507 will deassert the VPPLO si gnal 9“?

vol tage applied to the VPP input 410 exceeds IV.

515 is coupled to | evel shifters 532,588, and 562. Be naI VPPHl
515 is asserted onIy when t he voltage anpmed to the Mm um”m
greater thanz¥i 5 evel shifters 532, 536, and 563

al low the | oyrtislmMed SUppLj 515 to enable transistors 534, 536 and* 538
whi ch, when enabll.eA,pmgmphmﬂmglc\dehtaganpmﬁig ed to the VPP input 410 to a
gate control S|gnﬁ 19 and o drain control signal 480. As described above
in connection w fRE VYTEE RSt he gate control signal 470 provides the

vol t age necessaryf’ri'smrletgmmglcwmta:nublemasheﬁmarokageommttmem’mekgﬁﬁ@s of the
transistors f shown) that nake up the programmabl e | ogic device's nenory
cells (also not shown). The drain control signal 480 provides the voltage
necessary for progr amoahtstctemtﬂmomtaaq'anpiisdtoahetﬂimt\{!bltagcrisptméxwhisatransi stors
that nake up thegpgogrammabl e |ogic device's nmenory cells. When t he
VPPHi signal 515 i's deasserted, indicating that the voltage applied to the
VPP i nput 410 is | essPredpasmiped valmiande VPPLo signal 510 is al so deasserted,
i ndi cating that fipBR reater than
1V, a NOR gate SIZlEi?St\l/{\/ﬁ% ch rﬁg‘gﬂﬁl}’ég&‘&ﬁagﬁﬁgﬁﬁmh Zk&{)“%Tl{g&and t he VPPLO
- signal 510, will assefonfigurgtianoireyit tocgpfiguresthy me dpgi¢ dayiesftot he VPP=VCC

signal 520 indicates kba%é&mmhtmm foPplokAeh 4n@ empvaﬁoﬁsmhglﬂﬂ;@ i's
approxi mately equal t voI ta lie VCC i nput The
VCC i nput 420 suppl | e a%edf‘?‘ﬁgb‘eﬂg’ gﬁ}grf teption firg) e"?"é’tcfl%@a‘and al so
provi des power for ihe%lmgééﬁaédscﬂhaﬂrgqn@emﬁnﬁed)vmed a high current charge
punmp 570. When the voltage applied to the VPP input 410 is |l ess than 12V

and greater than IV, the voltage for program and erase operations is
provi ded by the YCThe progiamdibble logiredevice of claim 1 further comprising: .

a second voltage input;

a second detection circuit coupled to the first voltage input, the second detection
circuit to detect whether the voltage applied to the first voltage input is
less than a second predetermined value; and

a second configuration circuit coupled to the first and second detection circuits
and the second voltage input, the second configuration circuit to

configure
the programmable logic device to receive the current sufficient for
program and erase operations through the second voltage input in

response '

to the first detection circuit detecting that the voltage does not exceed

the
first predetermined value and in further response to the second detection
circuit detecting that the voltage is not less than the second
predetermined

value,



| ow current charge punp 560 provides the current necessary for program and
erase operations to the gates of the transistors (not shown) that make up

t he programmabl e | ogic device's nenory cells (atso hot shown). The gate
current is delg via the gate control signal ] mﬂ“\sior 564
I s enabl ed. %%gﬁ?gﬁ current charge punp 570 provwagmuﬂ necessary
for program and erase operations to the drains of whee L. *® § *

8 transistors that make up the prograMth e |l ogic device's nenory cells.
The drain current is delivered via the drain control signal 480 when a
transi stor 572 i 3. dheplog@mmable Idgicaiesics bfUldim 26+hefeittkh® firdt eonfigidtigal ed to the
VPP=VCC signal 520 _and are enabl ed when t he VPP=VCC, si na{ Q0 is asserted.
Figure 6 depﬁ’%?‘écﬂlf‘ﬁ?%ﬁﬁgﬁma%&géc &\F {?e'mﬁ{f%e'gﬁsth%l‘é'g?f‘ PEEBbove in
connecti on Wof progratilahé érask opardtidns thidugh hediistaonage ifput ingespotie w hefidb5 | ncl udes

a 'VCC input 420.and a VPP .input. 410 The VCC input 420 LS connected to a

supply vol t & “%%b“%‘iﬂ‘ay?ﬁ n&/&? q‘%ﬁ’g‘f’ge s e’é°8ﬁ°ﬁ‘§8f‘&’?ﬂ"€%‘§wgf' é"‘br ot ect

| ogi ¢ si gnal and@ithefiwkerain fhplstcondidnfigeratiohtircuit qunfifiesthe projeemmabie kagicgh ot her

vol t ages are, possible, .includin 3V, . Wien the.wite protect signal 660 is

2t a Togi cal 469758 Bk Beeutile MR borihlt fof B Pamags Fess BePisteitbg 40 | <

prevent ed f rsecondeohtage iipatinpespasatn thedcandasectipeiratit derestiggsthatelecr | bed above

i n connectio i t.h Figures 4 m%n he wite protect signal 660 is at
{hlt\énﬁc is 1 slttgkl tiie secon?B%B%% i Wé/aﬁl

a logically vol'tage l'eve % han 8V), the programmabl e |ogic
devi ce

4. The programmable logic device of claim 3 wherein the first predetermined
value is approximately 8V.

5. The programmable logic device of claim 4 wherein the second
predetermined value is approximately 1V.

6. A programmable logic device, comprising:

first means for receiving a voltage;

means for detecting whether the voltage exceeds a first predetermined value;

and

means for configuring the programmable logic device to receive a current
sufficient for program and erase operations through the first means for
receiving the voltage in response to the means for detecting whether the
voltage exceeds the first predetermined value detecting that the voltage
exceeds the first predetermined value.

7. The programmable logic device of claim 6 further comprising:

second means for receiving the voitage;

means for detecting whether the voltage is less than a second predetermined
value; and

means for configuring the programmable logic device to receive the current



405 receives the power necessary for program-and erase operations through
the VCC i nput 420, also descri bed above I n cm \“h Figures 4 and 5.
amd

Thus, it can be seen that conplete wite ovided via a

Si rrple | ogi c_si gnal and al so in- system ér ase |s row ded

wit hout ext eW@MBSWtcuitry. Fi gure”7 |IIustrates a PRMHEDI e

|.ogi ¢ device 405 as descri bed above in connection wi.th Fi gures 4 and 5. The
progranmabl e | ogi ¢ devi ce 405 includesl2za VCC i nput 420 and a VPP input 410.
The VCC input 420 i s suikicatforprogremaAnd enass opexatibnsahrougivibe setirel meappl y vol t age
640 is preferably,5V, although other voltages are possible, including 3.3V. .
O her enbodi mrents may use a supply voltage of approximately 1.8V. The VPP

i nput 410 i s connect deFeivingdhsyaligesimiespepss trithe means forsletegting Whether 180, The
programm ng and er asggj etlﬁﬁﬁtﬂasx(lhés%cﬂfdeﬂr&fem%e&?a\]{le(Ql&:tn‘%tnﬁrth ol tages are
possible. A resistor 752 is coupl ed between the supply voltage 640 and the
program and erase volYOHRgs ismps] CSW%S‘EWBG%@?‘WWQZWMy be applied to the
VPP input 410 via the program and erase voltage |line 750. This enables the
programabl e | og| c devi ce 40@%{?%’ perform fast program and erase operations.

Wien the progr anfrabicProgsnRa devigs;of; claimJfyrther compyising msans &/ oper at i on,

no program iiftdexﬂxh@@ﬁ;gﬁdh{rﬂf&ast Gpefitiohd/ia response o thb theRis 6K REcAwiRkRFe Vol t age

|l i ne 750. Ig%éhﬂrﬂgbogf‘aﬁtpﬁgf t he VP‘kan put 410 recel ves t he supply

vol t age 640 H'P 1S 5 tegiing that theawyitageds lesss2 shoul d

preferably Mnmaeédﬂdpredetéﬁmlmdmmze the voltage drop across the resistor
752.

9. The programmable logic device of claim 8 wherein the first predetermined

value is approximately 8V.

10. The programmable logic device of claim 9 wherein the second
predetermined value is approximately 1V.

11. A method for automatically configuring a first voltage input and a second
voltage input of a programmable logic device, the method cbmprising the steps of:
detecting whether a voltage applied to the first voltage input exceeds a first
predetermined value; and
enabling the first voltage input to conduct a current sufficient for program and

erase operations if the voltage exceeds the first predetermined value.

12. The method of claim 11, further comprising the steps of:
detecting whether a voltage applied to the first voltage input is less than a
second '

predetermined value; and
enabling the second voltage input to conduct the current sufficient for program
and erase operations if the voltage does not exceed the first
predetermined

value and if the voltage is not less than the second predetermined value.




9 Because the supply voltage is less than 8V and greater than 1V, the
programuabl e | ogic device wll use the voltage applied to the VCC.input 420
for in-system program and erase operations. Thefefore, the enbodi ment of

Figure 7 proyi st production programm ng anch e I Bl m and
erase oper at %&%ﬁaﬁss?ng only the | owcost resistor lmﬂmmmmﬂmr '
circuitry. Figure 8 is a flow diagram of a*net had forsautomatically

configuring a-first supply voltage inp# and a second supply vol tage input
of a programmabl e | ogic device. At steps 810 and 820, a determnation is

de wheth tage annl eed: % | d
Tade whet ot a veh.! PEnaRRl il . fuBPRprko) hRYEs RUEpBEaRIS

predeterm ned value. Step 830 indicates tha > su t age exceeds
t he predet erPieesupmabls logic deviee tg RISHIDY PRPBTaMEAR erasgperationsdhipveltnge 0 conduct a

current suf fakﬁlﬁe%ﬁ& the Gifst P6IREE APdNdssthaife REGTdHrddeRimindd valide Vol tage does
not exceed the predeterm ned value, the supply voltage input is not enabled

to conduct the current necessary for program and erase operations.

In the foregoing mpgcéiet;iﬂ@ﬂts*gp&,& dsmgent i on has been described with
reference to specific ex%*réﬁ ary enmpodi nents thereof. It will, however, be

evi dent that var PEIREaTIRACHlogis deyice meldinghanges nay be nade thereto without
departing fromthe broagi@geinpityit and scope of the invention as set forth
in the appended cl ains, The specifi dravvihgas are, accordingly, to

1 ti ﬁn alnd
be regarded in an il |#%tenen cirsuit cqupled tq the yoltage eyt the feteqtion gisauit to

detect whether a voltage applied to the voltage input exceeds a
predetermined value, and '

a configuration circuit coupled to the detection circuit, the configuration
circuit to configure the programmable logic device to
receive a current sufficient for program and erase operations
through the voltage input in response to the detection circuit
detecting that the voltage exceeds the predetermined value; and

a power supply electrically coupled to the voltage input, the power
supply to provide the current sufficient for program and erase

operations.

15. A electrical system, comprising:
a programmable logic device including
a voltage input,
a detection circuit coupled to the voltage input, the detection circuit to
detect whether a voltage applied to the voltage input exceeds a
predetermined value, and
a configuration circuit coupied to the detection circuit, the configuration
circuit to configure the programmable logic device to
receive a current sufficient for program and erase operations
through the voltage input in response to the detection circuit

detecting that the voltage exceeds the predetermined value; and



10 ——TCLAIMS What is claimed is:

1. A programmabl e | ogi ¢ device, conprising a first voltage input;
a first detection circuit coupl e(‘mt\ ‘ ﬁ!“\m\ tage input, the first
t d he¥

detection circuit a voltage applied to the

first vol t ag®OMsW57 exceeds a irst p PEHEBVMThed
val ue; and a first configuration circuit coupled to the first
detection circuit, the first 14 configuration circuit to

configure the progbaEuRKeRIdcidhify BEMEF o thOvoltage inﬁlghthf logic deFie€loRsch CUr T ent

sufficient for programand erase operations thro
vol t age i npu? logis sigBaldp thevoltagednpt.f j r st -det ection circuit detecting that

t he vol tage exceeds the first predeterm ned val ue. 2. The
programmabl e | ogic device of claim 1 further conprising: a second
vol tage input; 16 The systemofclairy 43 wherpigthe-logis gignaldvaptitsrotest sigaalf i r st

vol tage input, the second detection circuit to detect whether
the voltage applied to the first voltage input is | ess than a
second predeterm ned val ue; and a second configuration circuit
coupled to the first and second detection circuits and the
second voltage input, the second configuration circuit to configure

t he progranmabl e | ogic device to receive the current sufficient for
‘program and erase operations through the second voltage input in
response

first -



to the first detection circuit detecting that the voltage does not exceed

t he

second detection
| ess than the .
11 3. e programrab

first predeterm ned value and in further

circuit detecting that the voltage is not
pr edet er m ned
| e 1 ogic device of claim?2 wherein

response to the

V%kﬂﬁﬁ?%mnrz

e first

configuration circuit configures the progranmable |ogic device to not
receive the current sufficient for program and erase operations through the

first vol tage input
that the voltage does not exceed 1

in response to the first detection circuit detecting
Ke first predeternined value and further

wherein the second ¥4@ely Yieaedt% on circuit

device to not receive the current guffic
operations through the second voltdge in
detection circuit detecting that tHe vo
predet er mi ned val ue. 4. T
wherein the first predetermined value is

6%%pn%9ures th
ent for progr
put i n response
fage is less th
pviemsd!l e | ogi ¢
approxi mately

Programmable
Logic Device 110

programmabl e | ogi c
m and er ase

to the second

%t t he second
device of claim3
BV.

Figure 1 - Prior Art

Supply Voitage 140

VCC 120

Programming/Erase Voltage 250

VPP 130

Resistor 25

Programnmable
Logic Device 110

Figure 2 - Prior Art

Supply Voitage 140
VCC 120
System Logic
360
VPP 130
Programmable
Programming/Esase Voltage 250  peagictor 252 Logic Device 110

Figure 3 - Prior Art



5. The programmabl e | ogi c device of claim4 wherein the second
predeterm ned value is approximately 1V. 6. A programmable | ogic
devi ce, conprising: first neans for receiving a voltage;

means for detecting whether the voltage exceeds a first predeterm ned

val ue; and WO9/S%ans for configuring the progranmmabl e | ®GTASHRABTe t o

receive a current sufficient for program and erase
operat’ions through the first means for recei ving the voltage
in response to the neans for detecting whether the vol t age
exceeds the first predeterm ned val ue detecting that the voltage
exceeds the first predeterm ned \dbue. 7. The progrannable | ogic
device of claim®6 further conmprrsrmg: secontreanrs—+e+—+eeei vi ng t he
vol t age; means for|detecting whether the voltage is less thpn a .
second predeterm ned val ue; and means for cofpfiguring
the programmabl e | ogi c deyice to receilve _the current
VPP 410 Gate Control Gate Control 470
Configuration
VCC 420 3 - Circuit 430
High Voltage
Detect Circuit T
440
Low Voltage X
Detect Circuit )
450
Drain Control Drain Control 480
Configuration -
Circuit 460
Programmable Logic Device 405

Figure 4



12 sufficient for program and erase operations through the

second neans for receiving the voltage in response to
t he neans for detecting whether the voltage is less than the
second predeterm ned val ue detecting that the voltage i s not
| ess than t heWOSEM8 pr edet er ni ned val ue. 8. The pCIGSRMEBI e

| ogi ¢ device of claim7 further conprising neans for preventing program and
erase operations in response to the neans for detecting whether the vol tage
is less than the second predeterm ned val ue detecting that the voltage is

| ess than the second predeterm negysval ue. 9. The programuabl e

| ogi ¢ device of claim8 whereithe first predeteym ned value is

approxi mately 8V. 10. ¥[he programmmabl e §Jgic device of claim9
wherei n the second predeterm nél val ue i s approxgfmately |V. 11. A

met hod for automatically configiring a first vol €age i nput and a second
vol tage i nput of a programuabl esjl ogi ¢ devi ce, t h8{ met hod conprising the
steps of: det ecti ng whetdjer a vol t age appﬁ ed to the first voltage
i nput exceeds a first predet ermi n@fl val ue; and

enabling the first voltage inputf to conduct a curfent sufficient for
program and

2
=]

S B

]ﬁﬁ

. | | 3ds i
: | g ] 3 |
E" § ' 8 §
;
:
&

1V 531

Figure 5

VPP4I0 |



erase operations if the voltage exceeds the first predeterm ned val ue.

12. The nmethod of claim 11, further conprising the steps of:

detecting whether a voltage applied to the first voltage input is | ess than
a second pr edet er mi ned val ue; and enabling the second
vol t age i npuiVQ¥8BAduct the current sufficient for programCT/use9/09377

and erase operations if the voltage does not exceed the first '

pr edet er mi ned value and if the voltage is not |ess than the
second predeterm ned val ue.
13 13. The method of claim 12, further conprising the step of

configuring the progranmabl e | ogic device to prevent program and erase
operations if the voltage appliedysso the first voltage input is less than

t he second predeterm ned val ue. lp4——F—e-eetti-cal—system
conpri si ng:
8
v <
3_§'
§ 2 §§ ©~
- af * .
8 R £_§° o
S & ?o
o youy
&

Resistor 752D

i

Supply Voltage 640

Programming/Erase Voltage 750

410
Programmable
Logic Device 405

VCC 420
VPP

Figure 6

Supply Voltage 640
Write Protect# 660




a programrabl e | ogi c device including
a detection circuit coupled to the voltage input,

detect whether a voltage applied to the voltage input exceeds a
a configuration CI&QHhEB%

pr edet er m ned v@ and
it

t he detectionwg

, the configuration

configure the programmble | ogic device to

current sufficient for program and erase operations

in response to the detection circuit
and

t he power

t hrough the vol tage i nput

detecting that the voltage exceeds the predeterm ned val ue;
power supply electrically coupled t®s/she vol tage input,
supply to provide the current sufficient for program and erase
system conpri sing:

a vol tage input,

operati ons.

15. A electrical

programmabl e | ogi ¢ devi ce i ncl udi ng
a detection circuit coupled to the voltage input,

det ect whether a voltage appﬂ?%?TTTTﬂE
pr edet er mi ned val ue, and

i pn

the detection circuit, the c

&)
configure the progranmabl e | p§

progr pén

current sufficient for
t hrough the voltage input in
detecting that the voltage e

glo

detect whether a voltage applied to a supply voltage

input exceeds a predetermined value

|

predetermined

value? 820

vol t age i nput exceeds a

a vol tage input,

the detection circuit to

éﬂﬁgled to

ffTcuit to
recei ve a

a

the detection circuit to

a configuration circuit coupled to

device to

d erase operations
t 0o the detection circakt
pr edet er m ned value;qgnd

enable the supply voltage input to conduct a current

sufficient for program and erase operations

830

5

=

circuit to

recei ve a



14 a logic device electrically coupled to the voltage input, the
|l ogic device to assert a logic signal to the voltage input. - 16
The system of claim 15 wherein the logic signal is a wite uect si gnal .
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(57) Abstract

A programmable logic device (405)
that includes a voltage input (410) and a
detection cirenit (440) coupled to the voltage
input is described. The detection circuit
detects whether a voltage (VPP) applied to the VPP 410 Gaze Control Gate Control 470

voltage input exceeds a predetermined value. . ton
The programmable logic device also includes ~ VCC 420 A Chscuit 430
a configuration circuit (430) coupled to the
detection circuit. The configuration circuit - I
configures the programmable logic device to
receive a current sufficient for program and " | migh Voluge
erase operations throngh the voltage input in Petect Cirevit [
response to the detection circuit detecting that . 249
the voltage exceeds the predetermined value,
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Datect Circuit ﬁ—
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Configuration
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