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Programmable logic deVice with verify circuitry for classifying fuse link states as validly 

closed, validly open or invalid. 

FJEI,D OF TIIB JNVENIJON 

The present invention relates to programmable logic devices (PLD's) of a type 

in which an internal· memory of fuse or anti-fuse links is programmable via F,OgraJD circuitry 

to achieve a demed pattern of •open" and •closed" link states which are v~le via the 

5 program circuitry. More specifically, the invention relates to an electronic circuit that 

comprises a memory array of programmable elements, each element having an electrical 

property which is describable by a parameter and which is alterable from an unprogrammed 

condition in response to an application of energy directed to the element. ~ parameter has 
. :. ~ 

a first value lying in a first range of values when the element is unprogrammed and a second 

10 value lying in a second range of values when· the element is successfully programmed . 

. BACKORQUND OF THE JN\1EN110N 

Programmable logic devices (Pl.D's) include a family of in~ circuits 

(IC's) with an internal memory array of programmable elements (links) of a fuse or an anti-

15 fuse type. A memory' array of links of the fuse type has all linic states origiJlally "closed" 

while an array of links of the anti-fuse type has. all link states originally "open". The array is 

programmed· in response to high power programming. pulses to contain a d~ired pattern of 

"open" and "closed" link states in order to customize the PLD's functionali~. As a result of 

the programming, specific links are intended to be brought irreversibly and. completely to a 

20 state· opposite their original state. 

While ideally "closed" links should have a zero resistance and "open" links an 

infinite resistance, this is not achievable in practice. Because zero resistan~ materials are not 

available at the Opera.ting temperatures of integrated circuits, typically the resistance of a 

"closed" or intaet link inay range up to 1000 while a distribution of resistance of an "open" 

25 · link may range from lOOMO down.to below 1000. 

Through proper design and testing methodologies, integrated.circuits with link 

resistance values that would· adversely affect functionality can be rejected. Current testing 

philosophies include a verification during which the links are sequentially selected and the 

. resistance of each seiected link is compared with a single reference resistance value, for 
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example SOOKD, to classify the link resistance among two resistance zones divided by the 

reference value, i.e. one resistance zone corresponding to a "closed" or "intact" state and the· 

other resistance zone corresponding to an "open" state. If the resistance of a link is greater 

than the reference resistance value, the link is considered in the "open" state, otherwise the 

S link is considered in the •closed" state. 

Links whose resistance approach the ideally "closed" value of zero or the 

ideally •open" value of infinity pose no problem. However, as link resistance approaches the 

reference resistance value, functional and AC failures, which are not usually tested for 

during or after programming, may result. ·Functional and AC testing, beyond the usual room 

10 temperature functional test, sufficient to identify these possible failures would be unduly 

costly. 

OBJECT OF TiiE INVENTION 

It is an object of the present invention to provide a programmable logic device 

IS integrated circuit having verification circuitry configured such that all !C's that pass both 

programming verification and room temperature functional test are vinually guaranteed to 

function as programmed. It is another object of the present invention to provide such 

verification circuitry in integrated circuits of various types, including bipolar and biCMOS. 

20 SUMMARY OF THE INVENTION 

Briefly, these and other objects of the present invention are satisfied by the 

circuit of the invention specified in the preamble and characterized, in that the circuit 

includes verification means for selectively and reversibly including a selected one of the 

elements in a verification circuit and for· providing one or more signals indicative of whether 

25 or not the value of the parameter of the selected element lies in a forbidden range of values 

of the parameter intermediate the first and second ranges. The explicit indication that the 

selected programmable element has a parameter value lying within the forbidden range 

enables discriminating between properly functioning and faulty arrays. 

Preferably, the verification means is operative to provide the one or more 

30 signals indicative of the value of the parameter of the selected element lying in a specific one 

of the first, second and forbidden ranges. An indication as to which one of the three 

parameter ranges is concerned gives a full representation of the status of the selected 

element. 

In case the parameter is a resistance of the element, the verification means 

f 
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preferably comprises a current source, connectable to the selected element and operative to 

supply first or second currents to tile selected element to create a voltage across the selected 

element; comparator means coupled to the selected element for comparing the voltage to first 

and second reference voltages indicative of the first and second ranges, respectively, and for 

5 providing comparator output signals representative of the comparison; and logic gate means 

coupled to the comparator means for providing the one or more signals on the basis of the 

comparator output signals. 

The first range is, for example, the "validly closed" state range corresponding 

to link resistances less than a lower reference resistance value. The second range then is the 

10 "validly open• state range corresponding to link resistances greater than or equal to the 

higher reference resistance value. The forbidden range then lies between the two reference 

resistance values. Because the quotient of the higher reference resistance value and the lower 

reference resistance value is typically more than SO, for example 200, the verification 

·circuitry includes a sWitchable two level current source in order to produce test voltages 

IS across the links (link voltages) of correct dynamic range. The current source produces a 
. . 

predetermined constant higher current through those links having a resistance less than or 

equal to the lower reference resistance value and a predetermined constant lower current 

through those links having a resistance greater than or equal to the higher reference 

resistance value. The quotient bet\veen the higher and lower current levels is preferably about 

20 one quarter of the quotient between the higher and lower reference resistance values. 

A measurement voltage at a node which is produced in response to the link 

voltage is compared by differential comparator means to respective lower and higher 

reference voltages, the lower reference voltage corresponding to the measurement voltage 

that would be ·produced by a higher link voltage which is the product of the higher reference 

2S resistance value and the lower current level, and the higher reference voltage corresponding 

to the measurement voltage that would be produced by a lower link voltage which is the 

product of the lower reference resistance value and the higher current level. It should be 

appreciated that the quotient of the higher and lower link voltages eqµals the quotient of the 

higher and lower reference resistance values divided by the quotient of the higher and lower 

30 current levels. 

In accordance With a first embodiment of th~ invention useful for a bipolar 

implementation, the sWitchable current source is configured to automatically switch a 
relatively high current source out of the circuit with. a selected link as long as the link 

voltage exceeds the higher link voltage, thereby clamping the link voltage to the higher link 
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voltage for a link resistance of the selected link in the range less than or equal to the higher 

reference resistance value and greater than or equal to the quotient of the higher link voltage 

and the higher current level. Consequently, the link voltage of the selected link will exceed 

the higher link voltage· only when the link resistance exceeds the higher reference resistance 

· S value and the link voltage will be less than the lower link voltage only when the link 

resistance is less thali the lower reference resistance value. 

In accordance with a second embodiment of the invention useful for a biCMOS 

implementation, the sWitchable current source is configured to switch a relatively high 

currerit source into the circuit with a· selected.· link during a strobe· signal. Otherwise, only a 

10 relatively low current saurce is in. the circuit with the selected link. The comparator means is 

configured to be active for comparison of the measurement voltage with the lower reference 

voltage only in the absence of the strObe signal and for comparisC>n of the measurement 

voltage with the higher teference voltage only during the stn:tbe signal. 

However done, the' i'eSultS of the comparisons. of the measurement voltage with 

15 the lower and highei reference 'Voltages enable formation of digital signals classifying the 

link resistance of the selected link among a "validly closed. state zone, a "validly open" state 

mne and an •m:wncr state zone intermediate the "validly closed" and "validly open" state 

zones. The •invalid" state zone is chosen to be of sufficient extent to ensure that a PLD 

having all itS link resistance values verified as lying in the "validly closed• and "validly 

20 · open" state ·zones is virtually guaiailteed to operate as programmed, providing it passes the 

usual room· temperature functional tesL 

The invention also relates tO a method of venfying a status of a plurality of 

programmable elements in an· electronic memory array~ wherein each element has an 

electrical property which is describable by a parameter and which is alterable from an 

25 unprogrammed condition in response to in application. of energy directed to the element. The 

parameter has a first value lying in a first range of values when the element is 

unprogrammed, and a sec:Ond value lying in a second range of values when the element is 

successfully programmed. In accordance with the invention, the verifying step comprises 

reversibly including a selected one of the elements in a verification circuit; and enabling the 

30 verification circuit to provide one or more signals indicative of whether or not the value of 

the parameter of the selected. element lies in a forbidden range of values of the parameter 

intermediate the first ind second ranges. This method may be feasible when testing memory 

arrays with off-chip test circuitry. 

.. 
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BRIEF DESCRIPTION OF THE DRAWING 

Other objects, features. and advantages of the present invention will become 

apparent upon perusal of the following detailed description when taken in conjunction with 

the appended drawing, wherein: 

5 Figure 1 is a diagram of link resistance value ranges with respect to a 

logarithmic scale; 

Figure 2 is a schematic diagram of a first embodiment of the invention 

implemented using bipolar elements; and 

Figure 3 is a schematic diagram· of a second embodiment of the invention 

10 implemented using biCMOS elements. 

DETAILED DESCRIPTION OF THE PREFERRED EMBQDIMENIS 

Referring first to Figure 1 of the drawing, it has been found experimentally that 

notwithstanding the prior art use of a single reference resistance value, for example SOOKD, 

15 to classify the link resistance among one resistance zone corresponding to a "closed" or 

"intact" state and the other resistance zone corresponding to an "open". state, in fact AC and 

functional failures are possible in a range 10 including those link ·resistan,ce values lying in 

the range of about lKD to SOKD. Consequently in accordance with the present invention, an 

"invalid" or "forbidden" state range 12 of link resistance values is established which is wider 

20 than the range 10, and spans between lower and.higher reference resistance values, 

preferably 5000 and lOOKD, respectively. Then, a "validly closed" state range corresponds 

to link resistances less than the lower reference resistance value and the "validly open" state 

range corresponds to link resistances greater than or equal to the higher reference resistance 

value. Consequently, in accordanCe with the invention, the prior art verificati~n circuitry for 

25 classifying the states of the links as "open" or It closed" is expanded. to classify the states of 

the links as "validly open", •validly closed" or •invalid". A PLD having a link in an 

"invalid• state is, in general, rejected. 

It is noted that the higher and lower reference resistance .values are in the ratio 

of at least SO to 1 and preferably 200 to 1. As will bec:Ome clearer as the discussion 

30 proceeds, this large· ratio necessitates using a cmrent source that produces a· predetermined 

constant higher current through those links having a resistance less than or equal to the lower 

reference resistance value and a predetennined constant lower current through those links 

having a resistanee greater than or equal to the higher reference resistance value in order to 

produce test voltages across the links of correct dynamic range. 
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Similarly, the lower terminals of ·links 14 in each same column are connected to 

a column selection line 26 fed by a column decoder 28 for that column. Each column 

decoder "includes a transistor switch 30 for producing a.programminc current Ip throuch a 

20 selected link 14 to produce sufficient thermal energy in the link to cause it to become 

"open•. Transistor 30 has. its base electrode 30a connected to the output of an AND gate 31. 

Also included in each column decoder is a switchable two level verification 

current source 32 inclUdinc a first portion 34 for producing a relatively high l~vel 

verification current 18 , preferably Ima, through the selected" link and a second portion 36 for 

25 producing a relatively low· level verification current IL, preferably 20µa, through the selected 

link. Actually, in order to produce the low level verification· current IL through the selected 

link, the second portion must actually sink a· current equal to IL+ 11, where 11 is the current 

passing through a Schotiky diode 66 ·coupling each c:Olumn control line 26 to comparator · 

circuitry which will be later discussed. Each eolumn decoder 28 has a group of parallel 

30 inputs 38 which are· all digital ONE in response to decoding of the column number 

corresponding to· the column controlled. by the column decoder, a PRO/VER input signal on 

input 40 which is near VCC (digital ONE) to enable programming and near ground (digital 

ZERO) to enable verification and the signal VPROO on inpgt 42. The latter is near VCC 

(digital ONE) for programming and for verification~ The inputs 38 feed an AND gate 44. A 

t 
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pulsatile sigilal VPROCfon input 42 is coupled via a resis!Qr 46 to a point 48 that is 

connected to the output of AND gate 44 so as to form a wired AND. function. Also, the 

PRO/VER input signal on input 40 and the output of AND gate 44 are inputs to AND gate 

31 controlling transistor switch 30. 

S The voltage at point 48 forms the supply voltage coupled via resistors 50, 52 to 

the collectors· and bases of Schottky transistors 54, 56 and bases of Schottky transistors 58, 

60, in the current source portions 34, 36, respectively. The emitters of the transistors 54, 56, 

58, and 60 are all connected to PRO/VER input 40. Transistors 54, 58 and 56, 60 form 

input and output of cunent minor pairs. The reSistors 50, 52 and relative widths or number 

10 of parallel junctions of the current minor pairs are chosen to achieve the current~ in 

transistor 58 and the current IL in transistor 60. The collector of output transistor 58 is 

connected to column control line 26 via the series combination of a Schottky diode 62 and 

two diodes formed by base ·to collector commoned transistors 64, while the collector of 

transistor 56 is directly connected to line 26. The aforementioned series combination 

15 produces a fixed voltage drop eqUal to two Vbe's (one Vbe = approx. 0. 75 volts) plus a 

Schottky drop (approx. O.S volts). Consequently, when the voltage on collector. control line 

· 26 falls be10w 2. 15 volts, i.e., one Schottky diode drop plus two pn-diode drops plus one 

saturation voltage above ground, then diode 62 and transistors. 64 reverse bias. This stops 

current IH and forces transistor. 58 to operate near saturation. All current demanded by 

20 transistor 58 then is sourced through its Schottky diode clamp from VP~OG. 

In operation, a link whose state is to be programmed or verified is selected by 

provision of its row and column locations to row and column decoders 20, 28 and the 

assertion of a VPROG pulse of digital ONE value. The transistor switches 16 of the selected 

row are turned on in response to row decoder 20 for that row and the transistor switch 30, 

25 for programming, or the two level current source 32, for verification, within the column 

decoder 28 for the selected column is tum.eel on to. sink current from its associated column 

conductor 26. Two level· current source 32 is tome.cl on for verification purposes during the 

duration of the VPROG pulse when the PRO/VER input is digital ZERO (near ground) while 

transistor switch 30 is turned on for programming purposes during the duration of the 

30 VPROG pulse when the PRO/VER inputis digital ONE. 

During verification, the current. produced through the selected link by two level 

current source 32 is dependent upon the link resistance. For a link resistance greater than or 

equal to 75KO (1.5 volts/20µa), only the lower current level It will flow through the selected 

link, producing a link voltage acrosi the selected link of greater than or equal to 1.5 volts. 
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The voltage at the lower terminal -14b of the selected link and along line 26 and Will be less 

than or equal to 2. 75 volts (subtraeting 1.5 volts plus one Vbe due to transistor switch 16 

from VCC = S volts), thereby maintaining transistor 58 off preventing any flow of the higher 

level current IH. At a link resistance equal to the higher reference resistance value RH of 

S preferably lOOKO, the voltage at the lower terminal 14b and conductor 26 Will be 2.25 volts, 

which value is hereafter referred· to as the lower reference- voltage V 1• 

For link resistance less than 1.SKO, (1.5 volts/lma), the high current level 1tf 
of 1 nia will produce a link voltage of less than 1 S volts°' Consequendy, the potential of 

tei'minal 14b will greater than 2.75 volts and transistor 58 will never be cut off. At a link 

10 resistance equal ·to the lowet reference resistance value RL of .preferably 5000, the voltage at 

lower terminal 14b will be 3. 75 volts, the value thereof being referred to as the higher 

reference voltage V 2• 

15 

Further, for link resistance between 1.SKO, and 7SKO,, high level current 

source 34 will act to clamp the voltage of the 10wer·terminal 14b_to just below 2.75 volts. 

The various column control lines 26 are connected to the- cathodes via Schottky 

diodes 66 whose ailodes are conneCred tO a common node 68. The effect of this 

interconnection is .. th8t the voltage at node 68 is due to the voltage at the lo~ terminal 14b 

of the selected link. A further Schottky diode whose anode is connected to node 68 forms a 

measurement voltage VMEAS at its cathode. The diode 66. associated with the selected column 

20 and the diode 68 are biased by current sources 72, 74 and 76 to have equal anode to eathode 

currents 11 and consequently equal and opposite voltages. Therefore, measurement voltage 

VMBAS is equal to the voltage at the lower terminal 14b of the selected link. The current 

sources and differential comparators 78 and 80 are powered from a voltage soui= 83 which 

is active and equal to VCC only during a verification cycle. 

25 Voltage V MEAS is compared in differential comparator 78 with the lower 

reference voltage V 1, which is formed by passing a current having the value IL through a 

resistance having the value RH which is connected to supply 83 via a Vbe junction. If V MBAS 

exceeds V 1, which means the resistance of the link is less than RH, output 82 of comparator 

78 will be high (digital ONE). Similarly, voltage VMJW is compared in differential 

30 comparator 80 with the higher reference voltage V2, which is formed-by passing a current 

having the value iH through a resistance having the value RL which is connected to supply 83 

via a Vbe junction. If V MEAS- exceeds V 2, which means the_ resistance of the link is less than 

Rv output 82 of comparator 78 will be high (digibilJ. O:NE). _ 

Outputs 82 and 84 form the inputs of an=AND gate 86 and of an Exclusive 

f 
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NOR gate 88. The output of gate 86 is digital ONE whert both inputs are digital ONE, which 

corresponds to the resistance ·of the link being less than RL. The output of gate 88 is digital 

one when both inputs have the same digital value, which corresponds to the link resistance 

being greater than or equal to Ra or less thari Rv It should· be appreciated that from these 

5 two digital outputs, it can be determined whether the state of the Unk is 0 validly open° (link 

resistance greater than or equal to Ra), "validly closed" (link resistance less than Ri), or 

"invalid" (link resistance greater than or equal to RL and less than .Ra>· 

Referring to Figure 2, there is illustrated an embodiment of the invention using 

biCMOS integrated circuit technology. Therein, the same reference numerals are used for 

10 elements corresponding to the bipolar embodiment shown in Figure 1. The biCMOS 

embodiment differs from the bipolar embodiment in· the design of the two level verification 

current source and in the voltage measuring section because the low level current IL and high 

level cunent 18 are sequentially applied through the selected link under the control of a 

strobe signal and the result of comparison of the resultant two measurement values with the 

15 associated voltage reference values V1 and V 2 are latched. As will be seen as the discussion 

proceeds, low level current IL is prodUCed thrOugh the selected link when the strobe signal is 

low (digital ZERO)· while high level current 18 is produced through the selected link when 

.the strobe signal is high (digital ONE). 

The switchable two level verification current source 132 within each column 

20 decoder is formed by a pair of series connected FET's 202, 204. FET 202 has its gate 

electrode connected to output of AND gate 44 turning FET 202 on when the selected column 

is decoded by AND gate 44 •. The gate electrodes 204a of FET's 204 are connected together 

and are fed by line 216 output from column decoders controller 206. Controller 206 controls 

the cunent through a FET 218 to selectively add a high current 18 to the low current IL +11 

25 flowing in the drain to source path of FET 218. Line 216, connected to the c:Ommoned drain 

and gate of FET 216 has a voltage which causes FET 204 to have a drain to source current 

mirroring the current flowing in FBT 218. Controller 206 is responsive to the output of an 

NOR gate 208 which receives a strobe signal on input 210 and the PRO/VBR signal on input 

212. It includes a voltage controlled current source 214 between voltage source 83 and line 

30 216 producing IH, FET 218 between line 216 and ground; and current source 220 between 

source 83 and line 216 producing the low current IL +I1• Current due to IL +11 flows into the 

drain to source path of FET218 whenever voltage source 83 is active, irrespective of the 

state of the strobe signal. Since the PRO/VER signal. is digital ZERO during verification, as 

long ~ the strobe signal is digital ZERO, the output of NOR gate 208 will be digital zERO. 
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The current source 214 will be off and solely the current IL+I1 will flow in the drain to 

source path of FET 218, and by current mirror action, also in the drain to source path of 

FET204. 

When the strobe signal goes to digital ZERO, the output of NOR gate 208 will 

5· go to digital ONE turning· on upper current.source 214 and thereby adding IH to the current 

flowing in the drain to source path of FET 218. Current mirror ac~~ will cause IH to flow 

in the drain to source path of FET·204 in addition to the much ~mailer.IL +11• 

For comparing ·the measurement voltage. VMEAS produced when the strobe 

signal is high with the lower reference value V 1, a compaia.tQr 178 is. provided which is 

10 identical to comparator 78 in Figure 2 except that a FET 222 is located for selectively 

activating comparat<>r .178 when it is turned· on. The gate electrode 222a of FET 222 is fed 

from the output of NOR gate 208, via an inverter 234, ·thereby turning PET 222 on when the 

output of NOR gate 208 is digital ZERO, which is when ·the strobe signal has not gone to 

digital ZERO. The output 82 Qf comparator 178 is applied via the series combination of an 

15 inverter 224 and gate element 226 to a latch 228 formed by cross coupled inverters 230, 232. 

Gate element 226, which is CQntrolled by two complementary inputs, one directly from the 

output of OR gate 208 and the other via an inverter 234, is on when FET 22 is on. 

Similarly, for comparing the measurement voltage VMEAS produced when the 

strobe signal is low with the lower reference value V 2, a comparator 180 is provided which 

20 is identical to comparator 80 in Figure .1 except that a· FET 236a is located for selectively 

activating.comparatOr 180 when it is turned on. The gate electrode 236- of FET236 is fed 

directly from the output of NOR gate 208, thereby turning FET 236 on when the output of 

NOR gate 208 is digital ONE, which is when the strobe signal goes to digital ZERO. The 

output 84 of comparator 180 is applied via the series combination of an inverter 224 and gate 

25 element 240 to a latch 242 formed by cro5s coupled inverters 244, 246. Gate element 240, 

which is controlled opposite complementary inputs to gate element 226, is on when FET 236 

is on. The output of latch. 228 is digital ONE when the link resistance, as measured when the 

strobe is digital ONE, is less than the higher reference resistance value RH. Similarly, the 

output of latch 242 is digital ONE when the link resistance, as measured when the strobe is 

30 digital ZERO, is l~ss than the lower reference resistance value RL. These outputs are applied 

to AND gate 86 artd exclusive NOR gate 88, as in: the embodiment shown in Figure 1 to 

produce two digital outputs,·one·of which indicates whether or not the.state of the selected 

link is valid and the other which effectively gives the result of a comparis0n with at least one 

of the reference resistance values. 
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Above· eml>odlments disclose the verification ·Circuitry being on-chip and 

physically merged with column decoder means. Alternatively, the verification circuitry or the 

switchable two-level current source may 'be pan of off-chip test equipment. The invention 

then provides a method of verifying the status of an unprogrammed or programmed element 

5 whose basic step includes determining whether or not the value of the describing parameter 

lies in a forbidden range between two ranges of allowed parameter values. 
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CLAIMS: 

\ \ll\11\ \\\I\\ Ill\\ \\1\1 \\ ,,,\ 
* C L M S 

1. An electronic circuit comprising: 

- a memory array of programmable elements, each element having an electrical property· 

which is describable by a parameter and which is alterable from an unprogrammed ·condition 

in response to an application of energy directed to the element, wherein the parameter has a 

s first value lying in a first range of values when the element is unprogrammed, and a second 

value lying in a second range of values when the element is successfully programmed; 

characterized in that the circuit eomprises: 

- verification means for selectively and reversibly including a selected one of the elements in 

a verification circuit and for providing one or more signals indicative of whether or not the 

10 value of the parameter of the selected element lies in a forbidden range of values of the 

parameter intermediate the first and second ranges. 

2. The circuit of claim 1, wherein the verification means is operative to provide 

the one or more signals indicative of the value of the parameter of the selected element lying 

in a specific one of the first, second and forbidden ranges. 

15 3. The circuit of claim 1 or 2, wherein the parameter comprises a resistance and 

wherein the verification means comprises: 

- a current source connectable to the selected element and operative to supply first or second 

currents to the selected element to create a voltage across the selected element, the first 

current being substantially greater than the second current; 

20 - comparator means coupled to the selected element for comparing the voltage to first and 

second reference voltages indicative of the first and second ranges, respectively, and for 

providing comparator output signals representative of the comparison; 

- logic gate means coupled to the comparator means for providing the one or more signals on 

the basis of the comparator output signals. 

25 4. The circuit of claim 3, wherein a ratio of the first and second currents is in the 

order of magnitude of fifty. 

5. The circuit.of claim 3 or.4, wherein the current source is operative to produce 

the first current if the selected element has a resistance less than or equal to a lower 

reference value and the second current if the selected element has a resistance greater than or 

• 
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equal to a higher reference value. * c L " s * 

6. A method of verifying. a status of a plurality of programmable elements in an 

electronic memory. array, each element having an electrical propeny which is describable by 

a parameter and which is alterable from an unprogrammed condition in response to an 

5 application of energy directed to the element, wherein the parameter has a first value lying in 

a first range of values when the element is unprog~med, and a second value lying in a 

second range of values when the element is successfully programmed; 

characterized in that the verifying comprises: 

- reversibly including a selected one of the elements in a verification circuit; 

10 - enabling the verification circuit to provide one or more signals indicative of whether or not 

the vaJ,ue of the parameter of the selected element lies in a forbidden range of values of the 

parameter intermediate the first and second ranges. 


