
US 20010039634A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0039634 A1 

Hecht et al. (43) Pub. Date: NOV. 8, 2001 

(54) METHOD OF REDUCING TEST TIME FOR (52) US. Cl. ............................................................ .. 714/725 
NVM CELL-BASED FPGAS 

(57) ABSTRACT 
The present invention provides for a method of testing an 
FPGA using NVM memory cells for programmable inter 
connects. The NVM memory cells are arranged as a memory 
array of roWs and columns. User-con?gurable logic ele 
ments and interconnections, Which are programmed by the 
stored states of the memory cells, are organiZed into iden 
tical and/or differing tiles. The tiles organiZed into an array 
of roWs and columns superimposed upon the memory array. 

(76) Inventors: Volker Hecht, Los Altos, CA (US); 
Timothy SaXe, Los Altos, CA (US) 

Correspondence Address: 
Actel Corporation 
Attn: Legal Dept. 
955 East Arques Avenue 
Sunnyvale, CA 94086 (US) 

_ The testing method includes: selecting test circuit con?gu 
(21) Appl' NO" 09/880’628 rations by Which identical tiles are identically programmed 
(22) Filed: Jun_ 12 2001 as much as possible; and simultaneously programming and 

’ simultaneously erasing pluralities of the memory roWs cor 
Related US Application Data responding to the tiles into the test circuit con?gurations. 

Additionally, the test circuit con?gurations programmed into 
(62) Division of application No. 09/096,142, ?led on Jun. the FPGA are tested at a lower Supply Voltage than that of 

11, 1998, HOW Pat' No_ 6,272,655 normal operation. Programming is performed at reduced 
programming and erasing pulse voltages and times by 

Publication Classi?cation substantially ignoring retention and disturb effect margin 
amounts for the NVM memory cells. In this manner, the 

(51) Int. Cl.7 ................................................... .. G01R 31/28 time for testing the FPGA is considerably reduced. 



Patent Application Publication Nov. 8, 2001 Sheet 1 0f 4 US 2001/0039634 A1 

FIG. 1 

23 

32 

FIG. 3 



US 2001/0039634 A1 Nov. 8, 2001 Sheet 2 0f 4 Patent Application Publication 

r 

:35 



Patent Application Publication Nov. 8, 2001 Sheet 3 0f 4 US 2001/0039634 A1 

CLK 

CLK CLK 

FIG. 7 



Patent Application Publication Nov. 8, 2001 Sheet 4 0f 4 US 2001/0039634 A1 

I 
l 

l 

,____.__________ 

FIG. 8 



US 2001/0039634 A1 

METHOD OF REDUCING TEST TIME FOR NVM 
CELL-BASED FPGAS 

BACKGROUND OF THE INVENTION 

[0001] The present invention is related to the ?eld of the 
testing of integrated circuits and, more particularly, to the 
testing of NVM-based FPGAs (non-volatile memory-based 
?eld programmable gate arrays). The present invention is 
particularly suitable to ?ash memory-based FPGAs. 

[0002] Typically, an FPGA is an array of logic elements 
and Wiring interconnections With many thousands, or even 
hundreds of thousands, of programmable sWitches so that 
the FPGA can be con?gured by the user into an integrated 
circuit With de?ned functions. Each programmable sWitch, 
or interconnect, can connect tWo circuit nodes in the inte 
grated circuit to make (or break) a Wiring interconnection, or 
to set the function or functions of a logic element. 

[0003] In a reprogrammable FPGA, each programmable 
sWitch is formed by a reprogrammable memory cell Which 
is interconnected With a sWitching transistor Which has its 
source and drain connected to the tWo circuit nodes. These 
circuit nodes are part of the integrated circuit Which can be 
con?gured by a user of the FPGA. The con?gurable circuit 
has an array of logic elements and interconnections Which 
are set by the state of a memory cell and hence its inter 
connected sWitching transistor. An eXample of such a repro 
grammable sWitch is described in US. Pat. No. 5,633,518, 
entitled “Nonvolatile Reprogrammable Interconnect Cell 
With FN Tunneling and Programming Method Thereof,” 
and Which issued May 27, 1997 to the present assignee. 

[0004] A ?ash memory is a type of NVM (non-volatile 
memory). In a ?ash memory-based FPGA, the memory cell 
of each programmable sWitch is part of a homogeneous 
tWo-dimensional memory array by Which electric charge on 
?oating gates in the memory cells is programmed or erased. 
The ?oating gate of a memory cell is also shared With the 
corresponding sWitching transistor so that the transistor is 
turned on or off. Hence each sWitching transistor is con 
nected by its source and drain is programmed to make (or 
break) a Wiring interconnection, or to set the function or 
functions of a logic element. 

[0005] The ?ash memory array is typically programmed 
by one initial erase step Which erases all the memory cells 
of the array at once and then folloWed by a sequence of 
programming steps, Which apply a data Word to all columns 
in parallel and a selected roW at a time. The Whole array is 
usually programmed by one programming step per roW. 

[0006] As for all integrated circuits, the FPGA must be 
tested after being manufactured to determine Whether the 
FPGA is operative or not. HoWever, there are problems in 
testing an NVM-based (including a ?ash memory-based) 
FPGA. Since only a small percentage of the sWitching 
transistors are turned on in the FPGA for a user-con?gured 
circuit, the FPGA must be programmed several times into 
different test circuit con?gurations. Each test circuit con 
?guration must tested in order to achieve a good fault 
coverage by using almost every sWitch in the con?gurable 
portion of the FPGA at least one time in one of these test 
circuit con?gurations. The total test time of a NVM-based 
FPGA is approximately the time required to erase and 
reprogram the FPGA a certain number of times until every 
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sWitch is used once. Even in a ?ash memory-based FPGA in 
Which a global erase is performed only once, it may take 
hours to test a part completely by using the standard pro 
graming method since one erase and programming cycle 
typically requires a feW minutes. In comparison, the typical 
test time of other types of integrated circuits is a feW 
seconds. 

[0007] It should be evident that a test time of hours for one 
integrated circuit creates a serious problem. The manufac 
turer can either sell the NVM-based FPGA With either no or 
rudimentary testing and the hope that the integrated circuit 
is functional, or With full testing of the FPGA at a corre 
spondingly high price. Neither alternative is acceptable. 

[0008] On the other hand, the present invention is directed 
toWard solving this testing problem and provides for the 
reduction of the total test time of an NVM-based FPGA and 
for the corresponding loWering of testing costs. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides for a method of 
testing an FPGA having a plurality of programmable inter 
connects, or sWitches. Each programmable interconnect has 
an NVM memory cell interconnected With a sWitching 
transistor. Each NVM memory cell is arranged as part of a 
memory array of roWs and columns. Each of the sWitching 
transistors is connected to the nodes of a plurality of logic 
elements and interconnections, Which are organiZed into 
identical and/or differing tiles, the tiles organiZed into an 
array of roWs and columns superimposed upon the memory 
array. The testing method has the steps of: selecting test 
circuit con?gurations by Which identical tiles are identically 
programmed as much as possible; and simultaneously pro 
gramming and simultaneously erasing pluralities of the 
memory roWs corresponding to the tiles into the test circuit 
con?gurations. In this manner, the time for testing the FPGA 
is considerably reduced. 

[0010] Additionally, the test circuit con?gurations pro 
grammed into the FPGA are tested at a loWer supply voltage 
than that of normal operation. Programming of the memory 
cells (and hence the sWitching transistors) are performed at 
reduced programming and erasing pulse voltages and times 
by substantially ignoring retention and disturb effect margin 
amounts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 illustrates the portion of a memory array 
corresponding to one type of tile in an eXemplary ?ash 
memory-based FPGA, according to the present invention; 

[0012] FIG. 2 illustrates the memory cell transistor in a 
programmable interconnect of the FPGA of FIG. 1; 

[0013] FIG. 3 shoWs the sWitching transistor of the pro 
grammable interconnect of the FPGA of FIG. 1; 

[0014] FIG. 4 is a diagram of the logic elements and 
interconnections of one type of tile corresponding to the 
memory array portion of FIG. 1; 

[0015] FIG. 5 illustrates the memory array portion of 
another type of tile in the ?ash memory-based FPGA; 

[0016] FIG. 6 is a diagram of the interconnections of the 
tile corresponding to the memory array portion of FIG. 5; 
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[0017] FIG. 7 is a diagram of the logic elements and 
interconnections of an array of FIG. 4 and FIG. 6 tiles, as 
programmed into a test circuit con?guration according to the 
present invention; and 

[0018] FIG. 8 illustrates the programmed memory array 
portion corresponding to the array of tiles in FIG. 7. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0019] The present invention is described in terms of a 
?ash memory-based FPGA, but is applicable to more gen 
eral NVM-based FPGAs. A ?ash-based FPGA architecture 
may be considered as tWo arrays superimposed over each 
other. The ?rst array is a tWo-dimensional, homogeneous 
array of reprogrammable memory cells described previ 
ously. The second array, Which is used to implement the 
user-con?gured integrated circuit With de?ned functions, is 
a tWo-dimensional, heterogeneous array of logic elements 
and interconnections organiZed into blocks called “tiles.” 
There are different types of tile With different hardWired 
circuits used Within the FPGA architecture. Every tile type 
contains a number of programmable sWitches and is thus 
connected to a certain number of roWs and columns of the 
memory cell array. The states of the memory cells associated 
With a tile set the states of the sWitching transistors in the tile 
to control the tile’s function. Atile may contain only a logic 
function, only programmable interconnects Which are part of 
the routing netWork of the FPGA, or both. US. Pat. No. 
5,594,363, entitled “Logic Cell and Routing Architecture in 
a Field Programmable Gate Array,” Which issued Jan. 14, 
1997 to the present assignee, describes eXemplary tiles With 
logic elements and interconnections. 

[0020] Each roW of tiles consists usually only of tiles With 
the same number of memory roWs. Each column of tiles 
consists usually of tiles With the same number of memory 
columns. 

[0021] FIGS. 1-6 illustrate the components of a simpli?ed 
?ash-based FPGA architecture for purposes of explanation 
of the present invention. 

[0022] FIG. 1 shoWs the memory array portion of an 
eXemplary tile type A as delineated by a dotted line in the 
draWing and labeled by the letter, A. The A tile type has 6 
roWs and 2 columns of memory cells. Each memory cell, 
draWn as a bubble 10, is located at the intersection of one of 
the roW lines 11 and one of the column lines 12. The roW 
lines 11 are numbered 0-6 and the column lines 12 are 
numbered 0-1. 

[0023] The memory cell, Which is formed by a single 
NVM transistor 20, is illustrated by FIG. 2. The memory 
transistor 20 has a source 21 and a drain 22 Which are 
connected to a pair of column lines 12A and 12B respec 
tively. Each pair of column lines 12A and 12B is simpli?ed 
as one column line 12 in FIG. 1. The memory transistor 20 
also has a ?oating gate 23 and a control gate 24. The control 
gate 24 is connected to a roW line 11. The ?oating gate 23 
stores information in the form of charge to determine 
Whether the corresponding sWitching transistor, shoWn in 
FIG. 3, to Which the memory transistor 20 is interconnected 
is turned on or off. 

[0024] The sWitching transistor 30, Which has a ?oating 
gate 27 connected to the ?oating gate 23 of the memory 
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transistor 20 of FIG. 2, has a source 26 and drain 25, Which 
are connected respectively to routing net lines 32 and 31. 
The sWitching transistor 30 also has a control gate 28 Which 
is connected to the control gate 24 of the memory transistor 
20. 

[0025] The routing net lines 32 and 31 are part of the 
heterogeneous user-con?gurable array of logic elements and 
interconnections Which are organiZed into tiles. FIG. 4 
shoWs the elements of the Atile type, Which has a D ?ip-?op 
33 and a buffer 34 implemented in CMOS logic. HoriZontal 
and vertical connections are provided by the routing net 
lines 31 and 32 respectively. As used in the draWings, a solid 
dot indicates a connection to a routing net line, such as the 
Reset terminal of the D ?ip-?op 33 to rightmost vertical net 
routing line 32. Each programmable interconnection, draWn 
as a bubble 35 at the intersection of tWo routing net lines 31 
and 32 is one of the sWitching transistors 30. See FIG. 3 
above. The tWo digits neXt to each bubble 35 specify the 
memory array location of the memory cell 20 Which corre 
sponds to that sWitching transistor 30. The ?rst digit is the 
roW number and the second digit is the column number of 
the memory cell 20 in the memory array portion of that tile. 
See FIG. 1. 

[0026] FIG. 5 shoWs the memory array portion of a 
second exemplary tile type, again delineated by a dotted line 
and labeled With the letter, B. This B tile type has only tWo 
memory roW lines 11, numbered 0-1, and tWo column lines 
12, also numbered 0-1. The intersections of each of the roW 
lines 11 and the column lines 12 have a bubble 10, indicative 
of an interconnected memory cell. Again refer to FIG. 2. 

[0027] The logic elements and interconnections Which are 
con?gured by the user for the FIG. 5 memory array portion 
are illustrated in FIG. 6. In this eXample, the B tile type 
consists only of four horiZontal routing net lines 31 and tWo 
vertical routing net lines 32. There are four programmable 
interconnection, draWn as bubbles 35 at the different inter 
sections of tWo sets of routing net lines 31 and 32. As for 
FIG. 4, the tWo digits neXt to each bubble 35 specify the 
memory array location of the memory cell 20 Which corre 
sponds to that sWitching transistor 30. The ?rst digit is the 
roW number and the second digit is the column number in 
the memory array portion illustrated by FIG. 5. 

[0028] FIGS. 7 and 8 illustrate hoW an FPGA based on 
those components is programmed into an eXemplary test 
circuit con?guration, according to the present invention. 
FIG. 7 shoWs an array of logic elements and interconnec 
tions Which consists of A and B types of tile. In this eXample, 
there is one roW of B type tiles and three roWs of Atype tiles, 
arranged in three columns. The array of A and B tiles are 
programmed into a test circuit con?guration. The program 
mable interconnections Which are turned on, i.e., the con 
nection is made, are indicated by crossed bubbles 35A. 
Uncrossed bubbles 35 indicate no connection. The resulting 
test paths is indicated by darkened portions 36 of certain net 
routing lines 31 and 32. The test circuit con?guration uses 
the ?ip-?ops 33 of all A tiles and connects them in diagonal 
shift-register paths, as marked by the portions 36. The tWo 
programmed sWitches in each B tile type select one of tWo 
clock nets and one of tWo Reset nets for the ?ip-?ops 33 in 
the A tiles. Test signals can sent through the variously 
programmed logic elements, i.e., the D ?ip-?ops 33 and 
buffers 34, and the interconnections Which make up the test 
paths. 
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[0029] To con?gure the A and B tiles as illustrated by FIG. 
7, the corresponding memory transistors 20 of the switching 
transistors 30 must be appropriately programmed. FIG. 8 
shoWs the memory array portion Which corresponds the 
con?gured A and B tiles of FIG. 7. In a manner similar to 
FIG. 7, the memory transistors 20 Which are programmed to 
turn on their corresponding sWitching transistors 30 are 
indicated by crossed bubbles 10A. 

[0030] In comparison to the test circuit con?guration, a 
circuit con?gured by a user is most likely to be programmed 
differently at almost every tile position. Because of this, 
almost every roW in a user-con?gured circuit must be 
programmed With a different pattern. Thus all roWs must be 
programmed separately. 
[0031] In accordance to the present invention, test circuit 
con?gurations are selected by Which tiles of the same type 
are identically programmed as much as possible, as illus 
trated by the test circuit con?guration in FIGS. 7 and 8. 
Each tile type A and each tile type B are programmed 
identically. Then, the FPGA is programmed (and erased) for 
testing With the folloWing time-saving steps: 

[0032] a) simultaneously programming 
memory roWs Within a tile roW; 

several 

[0033] b) skipping the programming of memory roWs 
having no programmed memory cells; 

[0034] c) simultaneously programming of roWs of 
identical or nearly identical tiles; 

[0035] d) simultaneously programming roWs of com 
pletely different tiles; and 

[0036] e) incrementally erasing and reprogramming 
memory roWs of a test circuit con?guration to obtain 
a variation of the test circuit con?guration. 

[0037] These steps are eXplained in detail beloW. 

a) Simultaneously Programming Several Memory 
RoWs Within a Tile RoW 

[0038] If the architecture of the FPGA is ?ne-grain, i.e., 
the logic elements in a tile are elementary, the number of 
different types of tile Within each roW of tiles is small and 
identical tile-types are programmed identically, there should 
be several identically programmed memory roWs for each 
roW of tiles. Since each memory roW Within a roW of tiles is 
likely to be associated With a different function of the 
con?gured circuit, the identically programmed memory 
roWs Will be located irregularly Within the tile roW. 

[0039] According to the present invention, these memory 
roWs Which are to be programed identically Within a tile roW 
are programmed simultaneously. For eXample, in all A type 
tiles in FIG. 8, memory roWs 1 and 2 are programmed 
identically. Instead of tWo programming steps to program 
these tWo roWs, just one programming step is necessary to 
program both roWs. For this purpose, the roW select logic for 
the memory array is capable of selecting any combination of 
memory roWs Within a tile roW. Such select logic designs are 
Well-knoWn to integrated circuit designers. 

b) Skipping Programming of Memory RoWs 
Having No Programmed Memory Cells 

[0040] Since the percentage of programmed interconnec 
tions in an FPGA is small, there should alWays be blank 
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memory roWs, i.e., Where none of the programmable inter 
connects are programmed, in each tile. According to the 
present invention, the programming of all blank memory 
roWs is simply skipped. For example, FIG. 8 shoWs that the 
three roWs 0, 4 and 5 of the Atiles do not have any turned-on 
memory cells. Three programming steps can be skipped 
Within an Atile roW. Also, memory roW 0 in the B tiles need 
not be programmed, since no memory cells are programmed 
in that roW either. 

[0041] With the present invention, the sequence of roWs 
by Which the FPGA is programmed is ?exible to include the 
skipping of roWs. 

c) Simultaneously Programming of RoWs of 
Identical or Nearly Identical Tiles 

[0042] In most of the test circuit con?gurations, it has been 
observed that roWs of identical and nearly identical tiles are 
programmed With the same pattern. With the present inven 
tion, all roWs of tiles Which are to be programmed identically 
are programmed simultaneously. Again returning to the 
eXample of FIG. 8, it should be noted that allAtile roWs are 
programmed identically. Instead of programming all three 
tile roWs sequentially, the roWs of Atiles are be programmed 
simultaneously. 
[0043] The roW select logic of identical tile roWs may be 
shared by all the tile roWs. This saves the area occupied by 
the select logic in the integrated circuit. 

d) Simultaneously Programming RoWs of 
Completely Different Tiles 

[0044] If the architecture of the FPGA has tile roWs With 
completely different types of tile, the tiles are likely to be 
programmed differently. Nonetheless, if the selected test 
circuit con?guration and the tile roWs With differing tiles are 
suf?ciently regular, there may be memory roWs for one tile 
type Which are to be programmed identically to other 
memory roWs for different tile types. Of course, the corre 
sponding sWitching transistors 30 in the user-con?gurable 
tiles are not necessarily located at the same positions, nor are 
the resulting con?gured functions or interconnections nec 
essarily the same, in the differing tile types. Only the 
memory roWs happen to be programmed identically. For 
eXample, FIG. 8 shoWs that memory roW 1 for the B tile roW 
is programmed identically to memory roW 3 for the A tile 
roW, though the functions of the sWitching transistors 30 
associated With the memory roWs of the tWo types of tile are 
different. 

[0045] The present invention simultaneously programs 
these identically programmed memory roWs for different 
tiles. Consequently, memory roW 1 of the B tile roW can be 
programmed simultaneously With memory roW 3 of A tile 
roW. Each roW of completely different tiles have a separate 
roW select logic for this programming step. 

[0046] The result of the present invention is the reduction 
of the number of programming steps. In the eXample of FIG. 
8, the present invention reduces the tWenty programming 
steps in the conventional programming methodology to only 
tWo programming steps. The programming steps of both 
methods are listed in the table beloW: 

[0047] The address is speci?ed as “tile roW”/“tile internal 
memory roW,” and the values are binary numbers. 
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Conventional Present Invention 

Step Value Address Value Addresses 

step1 000000 0/0 111111 0/1, 1/3, 2/3, 3/3 
step2 111111 0/1 010101 1/1, 1/2, 2/1, 2/2, 3/1, 3/2 
step3 000000 1/0 
step4 010101 1/1 
step5 010101 1/2 
step6 111111 1/3 
step7 000000 1/4 
step8 000000 1/5 
step9 000000 2/0 
step10 010101 2/1 
step11 010101 2/2 
step12 111111 2/3 
step13 000000 2/4 
step14 000000 2/5 
step15 000000 2/0 
step16 010101 2/1 
step17 010101 2/2 
step18 111111 2/3 
step19 000000 2/4 
step20 000000 2/5 

e) Incrementally Erasing and Reprogramming 
Memory Rows of a Test Circuit Con?guration to 

Obtain A Variation of the Test Circuit Con?guration 

[0048] To further reduce testing time, only a feW memory 
roWs are erased and reprogrammed. In some tests it is useful 
to incrementally alter only a part of the test circuit con?gu 
ration. By erasing and reprogramming only one or only 
some memory roWs, a variation of the previous test circuit 
con?guration may be obtained. Asingle erase and program 
ming step may be suf?cient to test one additional sWitch in 
each tile. 

[0049] For example, the other tWo programmable inter 
connects in the B tiles in FIGS. 7 and 8 should tested by a 
different test circuit con?guration. Instead of erasing the 
entire FPGA and programming again a completely neW test 
circuit con?guration (Which can be performed in tWo pro 
gramming steps as discussed above), memory roW 0 of the 
B tiles need to be erased and the tWo switches in memory 
roW 1 of the B tiles can be programmed in one programming 
step. The same test circuit con?guration remains in the A 
tiles, but a different clock net and a different Reset net are 
selected for the ?ip-?ops 33 in the A tiles. 

Additional Time-saving Techniques 
[0050] Besides the techniques discussed above for reduc 
ing testing time, the present invention provides for addi 
tional time savings in testing the FPGA. Any integrated 
circuit, including NVM-based FPGAs, operates in a selected 
supply voltage range. A common voltage range for normal 
operation is 5 volts, i.e., betWeen +5 volts and ground (0 
volts). For the ?ash memory-based FPGA, the sWitching 
transistors 30 Which are turned off require a negative voltage 
on the ?oating gate 27 (assuming, of course, that the 
transistors 30 are NMOS transistors). To ensure that the 
sWitching transistors 30 to be turned on, a more positive 
voltage than that of the supply voltage is required on the 
?oating gate 27. 

[0051] To ensure proper operation of each programmed 
interconnect of an FPGA over the expected lifetime of its 
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programmed state, the ?nal programming range speci?es the 
minimum ?oating gate voltage of a turned-on sWitching 
transistor 30, as Well as the minimum negative ?oating gate 
voltage of a turned-off sWitching transistor 30. Initially, the 
?oating gates 27 of the sWitching transistors 30 must to be 
programmed through their interconnected memory transis 
tors 20 to a higher initial programming range in order to 
guarantee the ?nal programming range after charge disturb 
and retention effects are considered. A retention effect mar 
gin is necessary to compensate for a ?oating gate voltage 
loss by leakage currents over the expected lifetime of a 
programmed state. For example, in a 5V technology, for 
example, the required ?oating gate voltage for turned-on 
sWitching transistors 30 might be 1.5V higher than the 
supply voltage of +5V in order to guarantee correct opera 
tions. The initial programmed voltage on the ?oating gate 27 
might be +7V, if the sum of disturb and retention margins is 
0.5V. 

[0052] The disturb margin is necessary to compensate for 
a ?oating gate voltage loss by leakage currents during 
programming operations. Erased sWitching transistors 30 
and their corresponding memory transistors 20, Which are 
not supposed to be programmed and are unselected Within a 
memory roW, are subject to roW disturb effects during the 
programming of the roW. Programmed and erased sWitching 
transistors 30 are also subject to memory column disturb 
effects With every programming step of other memory roWs. 
The amount of roW disturb effects depends on the magnitude 
of the roW programming pulse, i.e., the programming time 
and the programming voltage. The amount of column dis 
turb effects depends on the number of programming steps, as 
Well as the magnitude of the roW programming pulses. The 
required length of the erase and programming pulses are 
strongly dependent upon the required initial programming 
range. 

[0053] In accordance With the present invention, testing is 
performed at a reduced voltage supply. This reduces the ?nal 
programming voltage range. The programming and erasing 
pulse voltages and times are reduced With the recognition 
that the retention and disturb margins may be essentially 
ignored. There is no need for the retention margin in testing, 
since a test circuit con?guration is only required for a feW 
seconds, as compared to a possible lifetime of years for a 
user-con?gured circuit. With the reduction in the number of 
programming steps for a test circuit con?guration, as 
described above, the roW and column disturb effects are 
signi?cantly reduced. Furthermore, since the reduced supply 
voltages during testing operations reduce the required pro 
gramming voltages, roW, as Well as column, disturb effects 
are reduced. Hence the margin to avoid the disturb effects 
may also be nearly eliminated. 

[0054] For example, With 5V FPGA mentioned above, the 
device is still operative for testing at a 3V supply voltage. 
Utilizing aspects of the present invention described imme 
diately above, the initial ?oating gate voltage need only be 
+4.5V, Which avoids programming an additional +2.5V. 
Smaller and shorter programming pulses can easily achieve 
+4.5V on the ?oating gates 27 of the sWitching transistors 
30. In this manner, the time to program and erase memory 
roWs are reduced. 

[0055] The advantages of the present invention have been 
demonstrated empirically. For the same ?ash memory-based 
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FPGA, conventional testing Which took three hours has been 
reduced to 10 seconds by using all of the techniques in 
accordance With the present invention. 

[0056] While the description above provides a full and 
complete disclosure of the preferred embodiments of the 
present invention, various modi?cations, alternate construc 
tions, and equivalents Will be obvious to those With skill in 
the art. Thus, the scope of the present invention is limited 
solely by the metes and bounds of the appended claims. 

What is claimed is: 
1. In an FPGA having a plurality of programmable 

interconnects, each programmable interconnect having an 
NVM memory cell interconnected With a sWitching transis 
tor, each NVM memory cell arranged as part of a memory 
array of roWs and columns, each of said sWitching transistors 
is connected to nodes of a plurality of logic elements and 
interconnections, said logic elements and interconnections 
organiZed into identical and/or differing tiles, said tiles 
organiZed into an array of roWs and columns, a method of 
testing said FPGA comprising: 

selecting test circuit con?gurations by Which tiles are 
identically programmed as much as possible; and 

simultaneously programming and simultaneously erasing 
pluralities of said memory roWs corresponding to said 
tiles into said test circuit con?gurations; 

Whereby time for testing said FPGA is reduced. 
2. The method of testing an NVM cell-based FPGA of 

claim 1 Wherein said simultaneously programming and 
simultaneously erasing step comprises: 

simultaneously programming a plurality of said memory 
roWs Within a roW of tiles. 

3. The method of testing an NVM cell-based FPGA of 
claim 1 further comprising: 

skipping programming of memory roWs having no 
memory cells to be programmed. 

4. The method of testing an NVM cell-based FPGA of 
claim 2 further comprising: 

skipping programming of memory roWs having no 
memory cells to be programmed. 

5. The method of testing an NVM cell-based FPGA of 
claim 1 Wherein said simultaneously programming and 
simultaneously erasing step comprises: 

simultaneously programming memory roWs correspond 
ing to roWs of identical or nearly identical tiles. 

6. The method of testing an NVM cell-based FPGA of 
claim 1 Wherein said simultaneously programming and 
simultaneously erasing step comprises: 
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simultaneously programming memory roWs correspond 
ing to roWs of different tiles. 

7. The method of testing an NVM cell-based FPGA of 
claim 1 comprising: 

incrementally erasing and reprogramming memory roWs 
of a test circuit con?guration to obtain a variation of 
said test circuit con?guration. 

8. The method of testing an NVM cell-based FPGA of 
claim 1 comprising: 

testing said test circuit con?gurations at a loWer supply 
voltage than that of normal operation. 

9. The method of testing an NVM cell-based FPGA of 
claim 8 comprising: 

reducing programming and erasing pulse voltages and 
times by a retention margin amount. 

10. The method of testing an NVM cell-based FPGA of 
claim 1 comprising: 

reducing programming and erasing pulse voltages and 
times by a retention margin amount. 

11. The method of testing an NVM cell-based FPGA of 
claim 1 comprising: 

reducing programming and erasing pulse voltages and 
times by a disturb effect margin amount. 

12. A method of testing an NVM cell-based FPGA com 
prising: 

testing test circuit con?gurations at a loWer supply voltage 
than that of normal operation. 

13. The method of testing an NVM cell-based FPGA of 
claim 12 comprising: 

reducing programming and erasing pulse voltages and 
times by a retention margin amount. 

14. The method of testing an NVM cell-based FPGA of 
claim 13 comprising: 

reducing programming and erasing pulse voltages and 
times by a disturb effect margin amount. 

15. The method of testing an NVM cell-based FPGA of 
claim 12 comprising: 

reducing programming and erasing pulse voltages and 
times by a disturb effect margin amount. 

16. A method of testing an NVM cell-based FPGA com 
prising: 

reducing programming and erasing pulse voltages and 
times by a retention margin amount. 

* * * * * 


